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In the ~uest for optimum timbral control in muLti-channeL 

>/r.. J 
recording, this paper investigates a method of sotJnd' pickup , 

invol'ving contact transducers along with air transducers. :,ln-., 

this situation, a singLe contact p'ickup is-table'to reproduce 

exceLlent transient detail which can be ~tectronicaLly mixed 
" 

with other transducer types, i~ arder to provide the desired 

sound quality. UnLike air transducers which tend to integrate 

direct and reflected sound information, contact transducers 

r e S p 0 n d t 0 the i m m e dia t e v i b rat ion aLe n erg y a t- a p 0 i n t sou r ce, , 

and th u s 0 f fer an in te n s i fie d t ra n sie nt des cr; p t·i 0 n 0 fan i n-

strument1s timbre without the infLuence of the recording envir-

onment. The application of such devices, not only contributes 

ta ~he timbraL recogniti"on of a sound, but may also be used 

as a simple yet effective method of signal processing, whereby 

the spectrum can be modified at the source. Spectral analysis 

of individual contâct placements yields objective data which 
'ô 

~llbstantiates the subjective re~ponse to this meth~d of pickup. 

An ihvestigation of the acoustical correspondences between 

recorded timbres and vowel types prov~'des tH'e basis for
l 

a 
1 ~~ 

method of asse~sing the effectivenes~of pLacement arrangements. 

The advantages of a combinative technique is explored in order 

ta extend the repertoire of muLti-microphone techniques. 
) 

", 

- / 

ii 
---. 

1 
·1 

1 

1 

1 

j' 

---'-------------.;.--_____ •• -4. 



.. 

" 

~ 
", 
-
" 

" , 
" 

>' ,: 
.! 

~ 
J 
:t 

1 c 
~ 

.. 
, . 

A la redlerche de la mattrise optimale du tint>re dans les 

enre<jlstrement,s â voies JTllltiples, le pment CCIIPte rerxtu ~tudie 
J 

une ~ de prise de BOO al interviennent les transducteurs de 

contact ainsi qùe les~jUlSducteuIB ! air. 1 Dans~cette situation, 
~ ,. 

un seul ~teur de contact peut reproduire d'une façon 
, 4! 

excellente des ~tails transitoires qu '00 peut mUanger 
) 1 

~lectroniquement ad' autres types de transducteurs pour obtenir la 

quali~ de SCXl ~iœ. Les transdlcteuIB de contact diffi!rent des 

transducteurs a air qui tendent â intégrer l'information sorx>re 

directe et reflédtie,.en ce qu'ils reagissent â l'~ie de <t'I 

vibration i.Jrœdiate â la soorce et qu'ils offrent ainsi une 

description transitoire intensifi~ <il tinbre d'un' instrœnent sans , , 
J 

l'influence dl milieu d'enregist;rement. L'application de Ces 
1 

dispositifs ne contribue pas seulement â la reconnaissance du 

tint>re d'un sai, nais peut ~alœœnt servir de nét:h<x3e siIrple et ~ 
, 

ef,ficace de traitement du signal grâce a laquelle le spectre peut 

~tre lIDdifi~ a la soorce. L'analyse spectrale du placement de 

difffœnts CQI'ltacts prodtit des ~ objectives qui ~trent . 

la reaction subjective! cette m1th6de de prise de son. Une ~tude, 

sur les oo~ accoustiques entre les tiIrbres enregistres 

et les types de voyelles apporte les fondements œcessaires a 
~ + , 

l'~valuatioo de l 'efficaci~ du placement. Les avantages d',Une 

• technique 0CIIi>~ sont abo~ dans le rut d '~tendre le / 
1 

~rtoire des techniques â plusieurs micrq;èones. 
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CHA PTE R 1 

INTRODUÇTION: MULTI-MICROPHONE TECHNIQUES 

Î 
.' 

One of the most chal1enging yet unexplored areas of recording. research 

deals with the acoustical and timbral analysis of multi-microphone place~ent-
. ~ 

techniques on acoustical i1nstruments. Of the few published sources which 

are available, the studies by Woszczyk an4 Bartlett provide the clearest .. 
methodology with which ta treat the subject. 1 The former author bases his /t 
work on the hypothes i s tha t an i nstrtlment,' s recorded tonal fea tures may 

vary depending on the acoustical characteristics~of the record~ng envir­

onment and on the microphone arrangement utilized. 2 After. an acoustical 

analysis of the import,ant direct and reverberant energy fields, Woszczyk 

.... 

6 

$uccessfully demonstrates an effective and natural means of timbral shaping 

by close multi-microphone setups. 

«Natural equalization of a sound spectrum' can be accomplished by 
employing several microphones to independently pick up character­
istic spectral qualities of th~ instrument, enabling the 'engineer 
to combine in desired proportions the various spectra produced by 
the source. This method also provides possibilities for composing 
new balances with natural ingredients and other creatjve manipula­
tions.»3 

In order to expand the repertoire of effective multi-microphone techniques 

currently in practice, the focus of ~his study is on the theoretical and 

practical application of a combinative microphona placement technique which 

uses contact pickups (piezoelectric transducers) and air transducer~. 

In the second chapter, calibration of typical pickups is carried out 

and the data, ;s compared with a high quality professional piezoelectric trans-
• 
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ducer. It is safe to assume from this preliminary investigation that many 

audio pickups suffer fram manufacturing improprieties which often resuÙ 

in inconsistent voltage sensitivity ratings and in an uneven frequency re­

sponse. Di scussion is ba'Sed on the more significant electroacoustical para-

meters i ncl uding the importance of proper mounting procedures. Graphs de,; 

mons trate the vari ance in frequency response due to mounti ng changes. 

Without a proper understanding of- the acoustical nature of instrument 
,fi' -

design, the application of conta.ct plckups on the multi-resonant body of 
1 

a stringed instrument often proves hazardous. Duc ta lts extreme proximity. '1' 

to the vibrating body, a contact pickup is much more sensitive to local 

resonant energies than other transducer types. Most sound engineers are 

aware of the fact that even a slight movement in the pickup position can 
~ 

elicit major timbral changes. 

The third chapter opens with an investigation of sorne of the more pro-
\\.( 

'" blematic aspects of instrumental acoustics as they apply ta the use of contact 

pickups. For example, a discussion on the function 'of the main resonances 

and the acoustical importance of the physical structures (i .e., bridge, 

sound post, etc.) of stri-nged instruments, serves to guide the engineer 

towaj:ds proper contact application. 
~ 

Chapter four-> is meant,to provide a simple, yet_objective method by, 

which the tonal effects of placement"techniques (conducted -rater on in this, 

study) may be eval!1ated. In essence, this methodllS based, an the( cad:egoriza­

tion of recorded timbres in terms of acoustically related vowel types. For 

example, a frequency an~lysis of a placement wil~ disclose ,f spectral en­

velope which corresponds w;th the formant shape of a particular vowel. Thus 
., 

the placement is g;ven a vowel-identity. Discussion of acoustical1y based 
0' 

" 
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descri pti ve -termi no 1 ogf es he l ps to further character; ze the recorded timbre. 

Chapter five i.nvestigates the tonal effects of individual contact pick""'( 

ups on a number of acoustical instruments. In tITis section, analysis 
) '-

conducted i'n the"frequency and time domains, by means of aq,;gh-speed 

;5 '1 

1 
digitai ! 

1 

that 1 
j 

j 
spectrum a-nalyser. Each placement is given a vowel':'identity in arder 

tonal differentiations may be clearer. Data is provided which'indicates 
\ 

the objective and subjective correspondances existing between recorde~imbre 

and vowe l' co l our, 

The'final éhapter uti1izes the spectràl data previously obtained in 
, . 

order to demonstrate the tonal effectiveness of a combinative microphone 
~ 

techni q'Ue. ' Graphs compare the di stinct spectral contributi ons produced 

by the contact and by the more distantly placed air transducers. Suggestions 

'" are then made for combinative arrangements which feature defined timbral 

characteri st; cs. 
... 
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CHAPT ER 2 

CONTACT PICKUP CHARACTERISTICS: THE NEED FOR CALIBRATION 

The absence of objective data on ,audio pickups present an obstacle 

to the understanding of its proper application. In fact, to this author's 

knowledge no manufacturer of piezoelectric accelerometers, (which are to 

be used in'professional audio situations), supplies calibration information 

regarding their product. Instead, manufacturers are likely to emphasize , 

placement strategies while foregoing product calibration. However, without 

any clear,objective pr.oof regarding product, performance, the engineer not 

only may question whether the pickup itself is causing major spectral changes 
, 

in the sound, but, at the same time, he can never depend upo~he consistency 

of the pi ckup, even when they are produced by the same manufacturer. 
,'1\ 

The main reason for this unfortunate state of affairs .is a result 

of economic reality. A calibration chart for each transducer would likely 

double the cost of the pickup and thus discourage many potential customers. 

Furthermore, calibration information is oriented for precision testing, 

and would be too technical in nature for the typical audin- user. Besides, 

even very sensitive individuals can tolerate far greater distortions and 

unline.;rities- in the sig,nal than could be accepte-d in more c.ritical reference 

work, wbere, for example, an extremely wide and flat frequency response 

is required: 

The solution, it would seem, is in the nature of a compromise. Contact 

4 

. 
1 _1 
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pickups, to be used in professional and semi-professional audio applications 

should follow the way of other high-quality air transducers which provide 

" 

sorne basic information concerning sensitivity. frequency response. and dynamic ' 1· 

range. In a11 likelihood a rise in cost of the device would be compensated 

by a~ increased trust of the product especially in professional circles • .. 
In this chapter, attention is placed on the theoretical afld practical , 

aspects of contact pickup design. Two of the pickups used in the placement 

experiments (Chapter 6) are calibrated and then compared with a B & K re­

ference accalerometer modeV~4344. Although the results from this investigation 
\. . '-

do not intend to be conclusive, the data does dr.aw attention to s'Orne of 

the limitations of the product with respect to the sensitivity and the reliabil-

ity of this aevice when utilized in a practical recording situation. 

CONTACT PICKUP. DESIGN 

In professional audio applications, the term «contact pickup» generally 

refers to a type of transducer which responds to the acceleration of a vibra­

.. tion at a specific point in the instrulI18nt l s body.1 The active Element 
!li 

in this kind of transducer consists of a number of piezoelectric dises which 

can generate (over the required dynamic and frequency range) an electrical 

charge proportional to the applied vibration. 2 In the experiments conducted 

later on in this study, the pickup is of a tri-axial design whereby the 

accelerometers are designed orthogonieally (i .e., in three mutually per-

pendicular directions). The resultant output then consisted of a single 

vector-summed output. 3 

. . , 

! 
1 
l 
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METHOO OF CALIBRATION 

In arder to compare the sensitivity of the F.R.A.P. pickups with the 

high-quality B & K 4344 accelerometer. both transducers were mounted as 

close together as possible on the table of a vibration generator (B & K 
~ 

mode' 4808). A signal generator (B & K model 1047) provided a frequency 

6 

sweep between 5Hz. ta 10Hz. A compressor loop from the reference accelero­

meter to the vibration generator was used to keep the acceleration of the 

load constant for the required frequency range. Powering of the excitor 

was done by a B & K power amplifer model 2712. Each F.R.A.P. under examina­

tian. used the same pre-amp supplied by the manufacturer. The following 

diagram il1ustrates the calibration setup utilized. 

Excft ... Control 
5 Hz to 10 kHz Sine 

-'~ X • . 1"2 
N 

~.o... ··0 
2712 180 VA 

,---------[ ::~~; . .]-_. 

-

1 . 
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RESULTS: SENSITIVITY 

Sensitivity rating of a piezoelectric accelerometer is determined by 

the ratio of electrical output to the acceleration of the vibration under 

study.4 In high-quality accelerometers the voltage sensitivity (specified 

in mV/mS- 2 or mV/g) includes the capacitance of the cable sDpplied and 

is detenni ned at room temperature (20°C) at a frequency of 50 or 160Hz. 

7 

A high-quality reference accelerometer like the B & K model 4370 for example, 

has a voltage sensitivity of 7.43 mV/mS- 2. 
. 

~ot only did measurement values of the sensitivity for the two F.R.A.P. 

pickups vary noticably from, the referencebut also from each other. The 

values obtafned were 4."3mV/mç2 and 1.8V/mç2 for: each pickup at 100KHz. 

This inconsistency can affect timbral definition especially in low energy 

vibration situations. 

FREQUENCY RESPONSE 

~ 

The upper frequency l imit of an accelerometer is primarily dependent 

upon its mounted resonance frequency and by the amount of damping supplied 

from the pickup itself. 5 Since the damping factor is usually quite low, 

the main problem affecting high-end response appears to be in the mounting 

of the pickup. A less than rigid or flush mounting of the pickup can sub­

stantially lower the mounted resonant frequency and thereby limit the upper! 

frequency boundary of the operating range. 

On the other side of the spectrum, low-frequency limitations ~re 



, 

( 

generally set by the pre-amplifier. Audio requirements are easily met in 

the amplitude changes in the lowest end (around the 20-40 Hz. area) are 

quite smal~. 6 

Graph l ; llustrates the frequency respons~' of a B & K 4344 accelero­

meter, which produces a relatively flat response from the 10Hz.-10KHz. 

(less than a 6% or 0.5dB error). This may be compared to Graph II, wt)ich 

illustrates the frequency response of the first pickup tested. In this 

8 

case, one notices a trough between 40-80Hz., with a smaller one at 7 .0KHz., 

while a peak occurs at 5.0KHz. A slight change in the mounting position _ 

of this pickup produced significant alterations of the frequency response," 

especially in the lower end, (demonstrated in Graph lIn. The trough here 

is deeper and is situated at 37Hz. The high-end response between 5-10KHz. 

is very similar to the previous placement. 

Signif;cant variations in the frequency response were encountered with 
• 

each remount. Graphs IV, V & VI i 11 ustrate the changing res~onse ~f this 

• pickup with reach remount.' Overall, the most drastic variations can be 

found between 20-80Hz. In general, both pickups displayed a more linear 
o 

output for the 400-3.0KHz. area. Slight emphasis around 5KHz. is also a 

shared fea'ture for the two transducers. 

One can conclude that these particular pickups will provide a more 

'inear output in the mid-to-hqgh frequency areas (i.e. up to 10KHz.), even 

with different mounting positions. On the other hand, law-end response 
l 

varied greatly below 80Hz. and was thus more sensitive ta changes in the 

mounti ng setup. 

j 
" 
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PHASE RËSPONSE 

The relationship between an accelerometer's sensitivity and phase 

response is such that at frequenc;es below the natural resonance. the time 

or phase'shift introduced is u~ually small.? However. phase distortion 

increases as the mounted resonant frequency is approached, causing variable 
• 

delay patterns across the audio band width. With high quality accelerometers. 

phase distortion is minimized by narrowing the mounted frequency resonance 

through damping and by ensuring phase linearity in the voltage preamplifier. 8 

Altheugh testing in this parameter could not be done, there is evidence 

1 that a pro~ly designed phase-linear contact/preamplifier system can be 
• 

more effective than air transducers in reducing timbral colorations caused 

by ~e distortion. -In addition, pickups are not subject te acoustical 

phase interferences which may hamper signal fidelity in air transducers. 

DYNAM l C RANGE 

Since the output of 'an accelerometer is theoretically linear over 

the required frequency range, the dynamic range is governed by the overa1l 

noise level of the system. 9 In this case, the lower limit ;s established 

by the noise output of the preamplifier. Short cables which are rigidly 

secured to the accelerometer provide the least amount of noise. In pre­

amplifiers powered by batteries, there is a risk of greatly increasing 

the noise factor due to the weakening of the battery. {In the pickups 

under examination t1le reductian of the signal-ta-noise ratio was a result 
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of battery run-down. Because of thi s, it a'ppears that an important per­

formance characteristic, which should be established, is a weighted signal­

ta-noise ratio of the entire system. Althaugh strict measurements were 

not made, t~gnal-to-noise ratio of the pickups under investigation were 

perceived ta be between 50-60 dB, which may not be sufficient, considering 

the large differences in body vibrations throughout ,the surface of the in-

strument. 

TRANSIENT RESPON?E 

'Since instrumental vibrations produced are transient in nature~ care 
. -, 

must be maintained ta reduce waveform distortion occuring at the onset of 

the life of atone. Transient distortion is primarily caused by low frequency 

phase non-linearities of the preamplifier's in~ration network, and by 

the high-frequency ringing effect generated by the accelerometer itself. 10 

In typical audio pre-amplifiers, the low end is less problematic due 

to advanced electronics. In order to avoid th~Jringing' effect, the resonant 

frequency of the pick~p must be far above the required range, or else, sorne 

form of high-frequency attenuation should be incorporated. 11 In experiments 
-' 

found later on in thi~paper, 'ringing' effects were maximum for the piano 

and the violine ~ 

MOUNTING 
) 

Perhaps the single mast important factor which can jnfluence the 
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f:equency response of the accelerometer, is.the.~anner in which the pickup . 
has been mounted. As shown before~ when the contact is less than rigid 

or flush, there is nct only 
1 

a change in the higher end but signi~Jcant 

amplitude alterations in the low ta mid frequency range, While the use 

of bees wax may not 6ffer optimum performance in all situatjons~ it will 

'insure a reJatively even frequency response du~ te jts stiffness. 12 

, 
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'CHAPTER,3 

ACOUSTICAL CONSIDERATIONS FOR THE APPLtCATION OF CONTACT PICKUPS 

INTRODUCTION: MULTI-RESONANT SYSTEMS 

The distinctive timbral signature of an acoustical instrumen~ is 

shaped by the multi-resonances produced by the vibrating bOdy.'l T~ fre­

quency response of a contact pickup move~ from one point to another along 

the instrumentes surface, reveals general
1
àlterations or modifications 

in the spectrum. In order to take advantage'of the mult~-timbral capabil­

ities inherent in the changi~g acoustical radiation patterns, a single 

contact pickup may be disposed at strategie positions. Several contacts, 

each providing a well-defined tonal identity can be combined through multi~ 

channel recording. In this ~anner recorded ,timbres are totally composed 

or assembled from the source and do nct rely on eleetronic equalization. 

- ~_-",, __ ~I" 
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The .arrangement strategy utilized in this study is based on the premise 

1 , 
~hat unique timbral colorations occupy specifie locations on'the sound 

board. The highly selective pickup response of the contact allows direct 

access to localized tonal colorations. This type of pickup selectivity 

is not possible with air transducers tending ~o integrate both direct and 

reverberant information. 

In the following, a dfscussion centers around the acoustical sig~ifi­

cance of the various physical elements (i.e., plates, bridge, sound post. 

etc.) affecting an instrument 1 s timbre. 
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THE PLATES 

. 
The resonant 'char.acteristics of' the body has long been a, subject of 

great interest for instrument m~ers. Investigations, of the vibrational 

modes of the top and back plates of a violin have been carried out since 

the time of Savart (,1840) and Helmholtz, (863)2. More recent studies by 

HIJtchins, Saunders, Meinel, and Jansson 3 are I1esponsible for the develop­

ment of an objecti ve method for exami ni ng the fr:equency response of the l 

d b • k 1 h d h 1 th -d' ~. l t t t' l top an ac p ates. Suc ata e ps e recor , ng -engl neer se ec pu en la -

ly useful placeme.nt areas. 

Hutchin's study of the resonance structure of a viol;n came to the 

con~ltislon that the violin has between 30-"-0 resonances. 4 The tonal quality 
1 

of a re<::orded sOblnd is largely determined by the prox;mity of the pickup 

to one of these r~sonances. The closer the~transducer is to a resonance 

center, the greater the energy exchange from the local resonant area to 

the pickup. A contact pickup may be able to fol1ow the fine, transient 

detail of the waveform more accurately than can an air; transducer. 

Of the multitude of resonances inherent ;n the body, there are three 

which provide the greatest influence on the reproduced timbre. The first 

;s the low-freRuency resonance of the body, designed to provide support 

for pitches around the second string. Hutchins found that this s~ 

m~in wood resonance combined with a subharmorlic wood prime~ce (ana 

1 5 
octave, below the main wood resonance) helps strengthen the lowest resister. 

, Dccas; ona 11 y, the i nteract; on between the ma; n wood resonance and thè 
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vibrati'ng string resul.t in the bothersorce wolf tone. fil this case, when 

the body is excited by the strings at the frequency of its main wood reson­

ance the sound may quaver and break up an octave. The reason is that energy 
• 6 

is quickly exchanged between the strin'g and body. The shuttl ing of energy 

has the effect of thinning the sound and is especially noticeable with 

contact pi ckups. 

A third major resonance is fonned by the first vibrating mode of the 

trapped air inside the body and is cOlTlTlonly calle"d the main air resonanceJ 

This resonance is shaped by the volume of air in the body and by the «f» 

hales. The interaction of the plates and holes from what is generally .' 

called a Helmholtz Resonator. Its funct;on is ta give support to the 

\egister around the t.hird string. 

Saunders devised a method of analysis ta determine the importance 

, l' 

of these resonaces on the quality of violins. 8 A set of loudness curves 

showed the changes in amp l itude with frequencY'. ÂFor good-quâ l ity i ns trU1!1 

ments, a distance of a perfect fifth was found between the main air reson-
. 

ance and main wood resonance,while poor ones displayed a large frequency 

differential between plates. Moreover, it was found that fine instruments 

demonstrate an even s'pacing between the wood prime, main wood, and main 

air resonances. 9 

However, such a symmetrical arrangement of resonant peaks is not 

found on the lower bowed-string members. For the viola and cello, Hutchins 
) 

determined that the main resonaces fall several semitones above the middle 

string~ and are thus less helpful in ampl,ifying the lo)\'est register. 10 

Such ; rregul arity in design is expl a;ned by the fact that the optimum size 
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'\ :'(; .... 
needed to lower thes~'~esonances would lmpose a trernendous obstacle to 

the.perforrner. Because of their smaller dlmenslons and subsequent higher 

body and alr resonances, there lS sorne dlfflculty ln low-frequency radlation.' 

I.P. Beldie examlned the vlbratlonal patterns of good-quallty vlolins. 11 

In these expenments, flne part1cles of sand were spread over one of the 

plates, whlle an audlo frequency generator set the plate lnto tnotlOn. The 

results lllustrate that between'120Hz.-600Hz. the back plate contalns two 

or three maln resonances whlle the top plate lS more a~lve. An lnstrument 

whose top-plate peaks were evenly spaced wlth those of the back plate was 

consldered to have a superlor tone. 12 

More recently, sophistlcated research lnvolvlng holograrn interfero-

metry measurements of the resonance-vibratlon motions of the top plate 

of a vlolin have been performed py E. Jansson. 13 Essentially, this technique 

provldes photographs of the amplltude dlstribution for various frequencles 

over the surface of the plate. Jansson concluded that: a) the main top 

~~te resonance is'radiated towards the lower left side; b) a maXlmum vlbration 

amplitude occurs as one draws nearer to the «fD hole; c) a null pOlnt exists 

at the sound post; d) at lower frequencies the violin vlbrates as a simple 
1 

source (or as a unlt) as frequency increases doublet vibratlon patterns 

eXlst; 3) the mlddle or waist of the violin~ends to dlvide the vibrations 

into two areas (i.e., one near the neck and one near the bridge). 

General placement guidelines can be concluded from these studies. 

For example, rigld or less flexible areas found on the back plate and sides 

are less likely to receive hlgh-frequency information and thus one finds 

timbres with muted high-frequency components. On the other hand, thlnner 
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and, therefore, more pl1able areas surrounding the «f» holes enjoy greater 

vibrational activ1ty, consequently generat1ng stronger high-harmonic COffi-

ponents. In this case, the recorded t1mbre is «brighter». 

THE SOUNDPOST 

The effect of the soundpost on the reproduced sound was examined by 

14 Savart (1840) . He compared a vlolln that had a soundpost w1th one tl1at 

d1d not and concluded that ln the latter both the ma1n-wood and main-air 

19 

resonances were h1gher. Later work by Schell1ng showed that by introducing 

assymetry, the soundpost reduces the cancell1ng mot10n between plates. 15 

It~is slgnlflcant that while the soundpost prov1des especially good 

mechan1cal coupl1ng for low frequencies. at hlgher frequencies the post 

is generally Sllghtly less effective. Thus the area directly surrôunding 
Q 

the post on the back plate .W111 exh1bit a m6re-balanced frequency response 

than other points on thlS plate. A contact positioned at this location 

w1ll tend to reproduce a fairly «rounded» and «full» tone. 

THE BASS BAR 

, 
The bass bar runs lengthwise under the lowest string, a10n9 the top 

plate. Hutchins states that its main function 1S ta distribute the load 

of the brldge over a larger area of the top"'plate, helping the body withstand 

the downward force of the string tension. 16 Situated near the left foot 

of the bridge, the bass bar transmits the bridge vibrations ta the rest 

of the top-plate surface. 
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THE BRI DGE 

The function of the bndge has been studied by Minnaert, Vlanland Bl~ 
d1er (1960), Hutch1son (1962)17. It was found that as the bow is pulled 

across the stnngs, a force 1S exerted on the bridge creat1ng a see-saw 

mot1on upon 1ts legs. In p01nt of fact, the bndge is set lnto three basic 

types of motlOn; a) perpendlcular to the belly; b) a10ng the belly; c) 

perpendlcular to the plane of the bndge. Of the tltree. the greatest v1b-

rat1ng motlOn lS to be found for the flrst. 18 

The v1bratlng motlon of the brldge lS a functlon of frequency. In 

the lowest range (20Hz.-200Hz.), the left foot lS most active. assuring 

good low-frequency radlatlOn lnto the body (and thus to the back of the 

lnstrument). Bladier surmlsed that the bridge of a cella acts as an ampli­

fier wlth an acoust;cal power ratlng of 2 (6 dB.) for the range 66Hz.-600Hz. 

He found that the brldge radiates hlgher frequencies w;th less power. 19 

SPECTRAL CHARACTERISTICS OF STRINGED INSTRUMENTS 

THE VIOLIN 

Saunders (1937), Melnel (1957), Yankovsk1i (1966), Olsor'l (1967), and 

Meyer (1976)20 have contributed to the understanding of the frequency re-

sponse of stnnged instruments. In most cases. the objective spectral 

data was correlated wlth subJectlve descriptions of quality. The conclu-

slons drawn from these studies serve to direct the audio engineer towards 
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a more objective approach in microphone techniques. 

In his earliest experiments, Saunders analysed the frequency response 

of a Stradivarius Violin. He found five major peaks of WhlCh the first 

two are the maln alr and wood resonances respectively. The third occupies 

a space a major s l xth above the ma ln-wood resonanee. The fourth 1 s an octave 

higher, whlle the flfth lS found to be a minor seventh above the fourth. 

Beyond thlS, he observed that a perslstently strong area exists from 1.7KHz.-

2.2KHz. In addltion, he concluded that the lowest stnng produces a weak 

21 fundamental, whll,e the second and thlrd harmonics are strongest. 

Meinel conflrmed Saunders' Vlew that the«full»or«sonorous»quallty of 

good vlollns can be directly correlated wlth large-amplltude lev~ls for 

22 the lowest harmonlcs. In h~s study. he found that when a single, large 

peak occurs at 1.5KHz., a «nasalll quality lS percelVed, whlle a large ampli­

tude in the 2.0KHz.-3.0KHz. range adds «presence» to the sound. 23 

01 d th . t f h t' f l' 24 son compare e acoustlC spec rums 0 t e open s nngs 0 a V10 ln. 

He discovered that the «G» string exhibits a weak fundamental whl1e having 
. 

a strong reglon from the second to sixth harmonlcs. The «0» string, sup-

ported by the main-air resonance, has a strong fundamental and third harmonie. 

The «A» strong shows a strong fundamenta1, but weak second to fourth harmon­

les. This stnng a1so dlsp1ays strong hlgher partials. Finally, the «E» 

string has a fairly strong fundamental. third and eighth harmonlC components. 

Yankovskii correlated hlS objective spectral analysis of the vlolin 

with subjective interpretations, in order to devlse a reliable system for 

the evaluation of tone qua1ity.25 After analysing the spectra of many types 

of vlo1ins, Yankovskii determined that a 900d~strument has a dome shaped 
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frequency envelape w1th a maximum at 1.25KHz. In addition. he found strang 

peaks at 250.500. 800Hz. (with the 500Hz. camponent slightly greater than 

the 800Hz. peak). If too deep a trough exists between 500-800Hz .• then 

the tone 15 found to be «hollow». 

V1ol1ns w1th a strang reg10n from 2.5KHz.-4.0KHz. were described as 

«br1ght» w1th a «strident». «trebly» sound, s1gnify1ng a defic1ent radiation 

below 500Hz. A «th1n» or «t1ght» sound forms a plateau-shaped envelope 

beg1nnlng at 500Hz. and extends to 6.3KHz., w1th l1ttle low or high-frequency 

1nformatlOn. A «p1erc1ng»..t1mbre correlates w1th a spectral maX1ma of 4.0KHz. 

«Nasal» tones exhibit a sharp peak between 1.6Kz.-2.0KHz. From th1S study, 

Yankovskli concludes that 1t 1S possible to classlfy vlol1n t1mbre accord1ng 

to the distrlbut10n of energy with1n four prescrlbed frequency zones. i.e .• 

26 below 200Hz.; 200Hz.-900Hz.; 2.2KHz.-4.5KHz.; and above 4.5KHz. 

In this slmple. yet effect1ve manner. Yankovskii defines the maJor 

frequency boundaries with1n which timbral character1zation takes place. 

Moreover, h1S study draws together object1ve data based on frequency analysis 

w1th descriptive verbal terms. Words such as «brlght», «noble»), «soft)), 

«pierc1ng». «harsh)), «tight)), as well as ones associated more with music 

per se, pravlde a suitable means for subjective interpretation. Likewise, 

at a later pOlnt in this study, an attempt ta verbally classify recorded 

t1mbres using phanet1cally based terms will be rendered. 

Meyer investigated the frequency and tranS1ent response of the string 

fam1ly ln order ta find the salient acoust1cal features. 27 Like Yankovskii 

and Helmholtz before him, Meyer ut1lizes verbal terms to delineate tonal 

qualities. In addition, his study llnks vowel formant structure with musical 
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timbre. 

For examp1e, Meyer states that the typica1 formant found for low notes 

of the vlo1in occurs at 400Hz. ThlS resonanee supports the lower register 

of the instrument and contributes to the dark, back-vowel quality /0/. A 

second formant around 800-1.2KHz. lS responsi~le for a <cnasalll qua1ity. 

Although Meyer is reluctant to ldentify consistent formant patterns for 

most lnstruments, he does mentlon the response of an extremely fine Stradi­

varlUS «Pnnce Khevenhu11e» that produces a consistent fonnant structure 

for fort y of the fifty-two notes tested. 28 

However, the full characterlzation of musical timbre cannat be realized 

by an analysls of the frequency enve10pe a1one. In addition, eaeh instrument 

a1so possesses indivldua1 temporal features which aid in the recognition 

of timbra1 types. 29In effect, the most significan~ aspects of the time-

varying waveshapes produced by acoustical instruments are: transient dura-

tlon (i .e., the time taken for the sound-pressure level to drop 3d~ be10w 

the steady-state level); harmonlc overshoot, and; harmonic instability.30 

For example, in the time-domain analysis of placements eondueted later 

on ln thlS'study, the violin yielded fairly long attack times for the lowest 

harmonlcs, while showing 'considerable harmonie instability for the highest 

harmonies. Generally, if an overshoo~occurs during the attack, the particular 

harmonlc(s) involved significantly colour the sound. 

Therefore, one can conclude that the application of contact pickups 

can emphasize the unique temporal signature inherent in the waveshape due 

to its proxi~ity ta the vibrational source. In this manner, timbres are 

more clearly articulated and localized, thus improving tonal characterization. 
~ 
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TItE VIOLA 

Meyer found that the lowest register of the viola exhibited an in­

tensity maxima around 220-250Hz. 31 The quality i5 comparable to the dark 

back-vowel lui sound. Other formant areas are located at 600Hz. and 1.6KHz. 

The flrst one contnbutes to the full mid-range quality associated with 

the middle vowel / il? / , while the second displays a more «stridentll. «nasal» 

characteristlC. In additlon, a peak centered arou~d 3.0-3.5KHz. tends to 

diminlsh the «nasal» quallty and offers greater «presence». 

TranSlent duration times are similar to those of the violine Tones 

played softly need 51 ightly longer time ta deve10pe a full sound. 32 

THE CELLO 

The main formant areas of the cello 1 ie at 250Hz. at ranges between 

300-500Hz., and 600-900Hz. The first formant supplies a dark back-vowel 

lui character to the lowest reg~ster. The cella may take on a brighter, 

mid-vowel col or, contingent upon the position and the strength of the second 

and third formants. A pronounced peak at 1.5KHz. produces a'nasal quality. 

whlle a seeondary peak around 2.5KHz. contributes to the cel1o's treb1y 

tone. 33 

The cella requires a much longer time (then the violin or viola) for 

its harmonies to develope, especially, in fast passages where the cello 

exhibits a ho1low qua1ity due to the inadequate time for the buildup of 

the tranSlents to take place. One can expect transient durations of over 

350mSee. for low notes. 
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THE BASS 

The double bass exhibits two main formant areas. The first. occurs 

between 70-250Hz., and is responsible for the support of the lowest register. 

A smaller second formant is found around 400Hz. Occasionally, one finds 

a higher peak around 800Hz. 'A 1engthy transient duration, in excess of 

350mSec., 1S found for the lowest régister. 34 

THE PIANO 

Genera11y recognized as the most mechanically complex instrument in 

use today, the grand piano action utllizes thirty-flve separate parts in 

"'~ 35 order to produce a slngle tone. However, the most slgnificant contribu-

tion to the tonal qua1ity is produced by the soundboard. 

Unlike the bowed-string group, the piano soundboard is a single wooden 

structure. 01son explains that the large dimension of this sound radiator 

provides a significant, acoustical. radiation resistance. 36 This factor 

permits good, low-frequeney reproduction. 

0150n, Meyer and R.D. Weyer3? examined the frequeney and temporal at­

tributes of piano timbre. 0150n found that the tonal quality was a function 

of the intensity.38 For examp1e, when ~ p1ayer exerts a great force upon 

a key, an increased number of harmonies will be generated. Subjectively, 

the sound 1S described as ((full» or ((rich». However, due to the absenée 

of harmonies' for the highest register, an increase in intensity emphasizes 

a «trebly)) or «str1dent» qua1 ity. 

/ 
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Meyer examined the spectrum of a grand piano and found that th~ funda-

mental is usually strong, except in the lowest two octaves where the upper 

harmonics dominate. 39 A strong formant area exists between 500-2.0KHz. 

In the highest register, harmonics are generated around 10KHz. 

Both Meyer and J. Backus40 have investigated the effects of string 

lnharmonicltyon piano tone. The gradual sharpenlng of the higher partials 

creates a roughness in the treble register. The departure from a purely 

harmonlc relationship seems ta be more cntical ta the quallty of the bass 

register, where the fundamental lS naturally weak. In this case. inhannon-

iClty lS responsible for an «lll-éteflned» bass. , 

Investigatlon of the piano tane in the temporal domain is rare. Weyer's 

studles show that the piano produces a waveform characterized by a pseudo-
41 periodic time envelope. At the outset of a tone, the upper partials 

first evolve, followed by the lower components which tend to develope over 

a longer peri od of time. 

Meyer used octave filter oscillograms ta analyse the initlal portion 

of a tone. The transient duration was shawn to last around 25mSec., followed 

by a pseudo·stationary condition lasting another 200mSec. Transient dura­

tion was not affected by any style of playing. 42 

THE GUITAR 

The guitar represents the plucked string group. Basically, there are 

many physical and acoustical similarities between the guifar and the viol;n. 

This is due ta the corresponding body shape and the presence of the rose. 

On the other hand, the absence of a sound post on the guitar fonns a major 
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acoustical difference. 

Jansson examined the resonances of the top plate and found that the 

guitar featured synmetrical vibrational modes, unlike the assymetrical pat­

terns found for the bowed s tri ng group. 43 Thus, one can fi nd an equa l ampli­

tude distribution around the mid-line axis of the top plate. Jansson found 

that in the low-frequency region of the air resonance, i.e., 100Hz., the 

guitar acts as a simple source radiating in an omnidirectional pattern. 

As the first top plate resonance is approached (slightly less than an octave 

above the air resonance) a doublet vibrational pattern exists that is ~ym-

metrical about the mld-line axis. 

1. Firth compared the guitar ta a bass reflex loudspeaker system. 44 

He found that the rose acts as an air port and thus is responsible for the 

increase of sound-pressure level for the lower frequency range. At fre­

quencies below the Helmholtz resonance, the rose and the top plate exhibit 

a phase differential, effectively attenuating the lowest register by 12d8./8ve. 

On the other hand, a significant increase in level is found around the frequency 

of the Helmholtz resonance. Thus one may anticipate an «exagerrated», «boomy» 

~UalitY, when a microphone is placed close to the rose. In addition, in 

a manner ana 1 ogous ta the piano, the guitar produces a wavefonn devoid of 

a real steady·state portion. 
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CHAPTER 4 

A COMPARATIVE METHOD OF EVALUATING RECORDED TIMBRES 

INTRODUCTION: MUSICAL TIMBRE AND VOWEL COLOUR 

An exploration of acoustical phonetics prov;des information which 

can be very useful in establishing a method'of evaluating recorded timbre. 
l' 

Historically, llnguists have presented a comprehensive pictvre of the 

acoustlcal attrlbutes of timbre which ;s useful to this study. 

Slnce the time of Helmholtz, vocal research has clarif;ed the rela­

tlonship between the frequency shape and the resultant, tonal colour. 1 For 

example, resonant characteristics of the vocal tract behave much the same 

way as the body of a vialin. For each vo~el sound the subralaryngeal cavity 
'\ 

changes shape and size altering cavlty resonance patterns. Acting like 

a low pass filter, the cavity accentuates sound energy at certain frequencies 

which lie close ta the main resonances while suppressing more distant ones. 

Areas of hlgh energy, called formants, become the identifying acoustical 

signature of each vowel. 2 

As stated before, a musical instrument's timbre can a1so be represented 

by its spectral envelope. Presumably, the'identifying elements of musical 

timbre, such as vowel calour, are determined by certain invariancies in , 
acaustical structure. Although the determination of invariant acoustical 

features of timbre would be useful, such a study remains beyond the scope 
\ 

of this paper. 'Instead, this work outlines the similarities between vowel 

colour and musical timbre to serve as a basis for a method of timbral evaluation. 

28 
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This chapter opens with a brief overview of the articulatory differences 

that characterize vowels by physiology. The differences in the manner of 

articulation are responsible for a vowel's phonetic classification. The 

acoustical features of each vowel type are then examined in order to dis-

tinguish basic 
) 

formant structures, against which future comparisons with 

can be made. Lastly. an attemPt~ incorporate acoustic-musical timbre 
'-

phonetic theory with descriptive verbal terms is seen as a simple, yet ef­

fective, méthod of categorizing recorded musical timbre. This method, 

serves as the basis for the evaluation of contact pickup placements con­

ducted in the experiment later on in this study. 

---... 
ARTICULATORY DESCRIPTION OF VOWELS 

The \arynx, pharynx and mouth cavity collectively form the vocal tract, 
~ 

which may be compared with the resonating body of a vlolin. The source 

'--; of vocal sound originates when a st~eam of air from the lungs flows across 

the vocal folds. Pulsation of the folds (analogous to the vibrating string), 

prdduces a fundamental frequency. The upper partials of this tone decrease 

uniformly with frequency at a rate of 12dB/8ve. 3 

- -
In the prev;ous discussion, it was noted that a larger instrument 

body could be associated with lower resonant frequencies. It also holds 

true for the voice. Since the size and shape of the vocal tract c~e 

varied by the manner in which the vowel is articulated, the spectral en­

velope of a vowel can vary fram speaker ta speaker. 
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In arder to describe vowels systematica\11y and avoid confusion between 

vowel types, a descriptive system was devised by linguists taking into 

account the art; culatory process of vowel production. Essentia,lly, it 

states that vowels may be described by: a) the height'of the body of the 

tongue; b) the front-back position of the tongue; d the degree of lip 

d
. 4 roun 1ng. 

Vowels produced with the body of the tongue neàr the roof and towards 

the front of t.he mouth are described as high-front vowels. An examplA 
of this type of vowel is (i) as in «feed». The other basic vowel typ~S \ 

are: a) law-front (<E) as in «hadll; b) high-back (u) as in «who»; and c) 

low-back (ct) as in «father». 

ACOUSTICAL ATTRIBUTES OF VOWEL COLOUR 

Jansson likens the entire vocal mechanism ta a low pass-filter whose 

output function is defined as U(w) = ('Hw); H(w),; where G(w) is the input 

or source function a.nd H{w) ; s the frequency response or transfer function. 5 

Thi s formula i s the freque'l1cy transform presentati on of the source-fi lter 

model, an~is the basi~for present day timbral investigations. 

The major influence on vocal timbral quality is the resonance, or formant 

structure of the vocal tract. Sùndberg found that standing waves in the 

oral cavity can be linked ta the formation of formants. 7 Practically speak-

ing, the vocal tract is similar to the conica,l cylinder of a reed instru-

ment, exhibiting standing wave patterns at 1/4 '; 3/4 ; 1 1/4 etc. 
1to 

Thus, Sundberg calculated that, for an average male vocal tract 17.5 cm: long, 
'Ii 

fo~ants exist at 500Hz., 1.5KHz., 2.5KHz., ~nd 3.0KHz. 8 
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Since the formant envelope is a result of the complex interaction 

between the various articulators and vocal cavities, each vowel spectrum, , 

will contain a unique resonant shape. Fig. 1 demonstrates the general 

shape of the first three fomants for the vowels utilized in this study. 

There are a number of ways one can hear the changing resonant fre­

quencies produced by each vowel. For example, if the vowels (i)-«heed)); 

(L)-«hid»; (El-«head»; (a:! )-«had»; (o.)-«hod»; (o)-«hawed»); (~)-«hood»; 

(u)-«who'd»; are whispered. one will hear a continuous series of sounds 

representing the descend; ng pitch of the second formant. ~ 

Another method i s to reproduce each vawe 1 in a low 'crea ky vo; ce. 10 

Ji 

Thi s reduces the effect of the voca l-cord frequency and a 11 ows the changi n9 

first-farmant frequency ta be distinctly heard. It is easiest ta do this 

'on the vowel (oo)-«had») an"d then work up ta (i)-«heed» or to (u)-«who'd». 

As one moves from (i)-(éll) (i.e., «heed»-«had>1) the pitch is heard rising 

while movement from (êe-u) (L,e .• «had«-((who'd») produces a descending 

pitch. 

Although the vocal tract has over four main resonances, only the first 

two are considered important for the recognition of vowel type. 11 In one 

study, Slawson found that: a) a shift of frequencies for the lowest two 

formants results in a large difference in,quality; b) a similar shift. 

in the fundamental pitch produces smaller differences; c) the third formant 

increases the (maturalness'» of the vowel colour. 12 

In addition, it was demonstrated that fonnant shifts in the (a:!); 

(O.); and (~) vowe l s produce" greater qua l ity differences than exhi bited 

by the vowels (;); (0); Cu), while a nasal quality in ~he vowels (éS); 

(a.); (0) (0) 1S linked with a resonance around 1.2KHz. 13 
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The questlon whether or not an acoustlcally based phonet1c model mlght 

serve as a basls for a descrlptlve language in the record1ng studio 15 

worthy of conslderatlon. For example, we have seen that both vowel colour 

and muslcal tlmbre share dlstinct acoustlcal features. Certalnly, for 

sound recordlng, the establlshment of a descriptive language derived from 

acoustlc-phonetlc theory would clarlfy dlScusslons dealing wlth recorded 

tlmbre. Although the tOplC has been generally neglected by sound engineers, 

there lS much acoustlcal eVldence to support such an undertaklng. For 

example, Slawson states that: 

IL .• ln muslcal sounds w1th falrly pronounced broad spectral 
peaks the complex of audltory attributes that make up what is 
known as muslcal 'colour' are ldentical with the audltory attri­
butes of vowel 'colour'. 15 

Moreover, ln a recent paper devoted to new composltl0nal techn\ques, 

Slawson draws on the practlcallty of utillzlng acoustic phonetic models 

for the development and control of muslcal timbres. 16 8y filterlng the 

formant envelope of syntheslzed sound masses (ln a manner co~responding 

wlth vowel formant structue5), a strong tonal resemblance wlth desired 

vowel types can be created. ThlS way, composed musical timbres share 

acoustlcal and tonal features with «open», «acute» or «lax» spoken 
+)' 

17 vowe l s. 

Recentl y, the formant or source-fi 1 ter mode 1 has been adapted in 

studles on musical tlmbre.18 In his work on the auditory perception of 

musical tlmbre, Grey suggests that the source-fitter model provides the 

most complete means of understanding the perception of a spectral envelope. 19 

ThlS model, based on psycho-acoustical laws,20 provides obJective proof 

of the natural correspondences between musical timbre and vowel colour. 

1 
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But this lS not to say that every muslcal sound will flnd a perfect cor-

respondence wlth one vowel type, but that, ln a majority of cases, such 

analogles help to categorlze and descrlbe recorded tlmbres more fully. 

Wlth respect to the appllcatlon of contact pickups, lt would be more 

correct to say that the tlmbre of an lnstrument can be equated w1th many 

vowel types. ln any one lnstrument the analogous vowel-1dent1tles wlll 

depend upon the complex relatlonshlp between: a) the mannet of artlculatlon 

(l.e., plZzlcato, col legno, plectrum, etc.); and b) the place of articulatlOn 

(l.e., near the bndge, neck, top or back plate, etc.). Moreover,lnstru-

ments do not generally exhlblt flxed formant structures, but contain 

shlftlng spectral energy relatlve ta the fundamental. 21 

In order to normallze this sltuat10n for the placement experiments 

ln the next chapter, each recorded t1mbre 1S acoustlcally characterized 

accordlng to ltS for-mant rat10. In this manner, a direct companson can 

then be made wlth slffil1arly structured vowel types. For example, suppose 

a spectral analysls of atone reveals three large resonant peaks at 220Hz.; 

528Hz.; and 792Hz. Then, by calculating the ratios between each value, 

one finds that they resemble formant ratlos of the low front vowel (~ )-

«hadj) (Le., F2: F1 = 2.4:1; F3: F2 = 1.5: 1; F3: FI - 3.6: 1). 

Keeplng ln mind that the most slgnificant timbral lnformation 15 esta­

b 115 hed by t~ fl rs t t hre. forman ts, a cha rt of e i ght Ameri canl Eng 1 i sh 

vowel types along wlth the maln formant frequencies has ~en prepared. 22 

( f 
As these are typ1cal of vowels used ln North America, they will prov;de 

the prlncipal vowel-ldentlty categorles to which recorded timbres then 

may be compa red . 
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F1gure 2 lllustrates the eight vowel types w1th thelr formant ratlOS. 

(These wlll be utlllzed to descrlbe the recorded tlmbres produced ln the 

placement experiments ln the follow1ng chapter). 
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VERBAL DESCRIPTION OF MUSICAL TIMBRE 

It seems prudent that a reperto1re of spec1fic recordlng terminology 

(i.e., «bright», «nasal», «constricted», etc.) be establ1shed Wh1Ch would 

clearly delineate certain features ln recorded timbres. Along w1th vowel-

identity (i.e., (1), (ail), (u). etc.). such terms would enable a fuller 

35 

character1zat1on of a sound in a manner clearly understood by non-technical 

part1cl pants. 

~ Historically, lt would appear that there have been a number of scient1fic 
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sources from WhlCh a specla11zed recordlng language mlght deve10pe. For 

example, ln an attempt ta correlate subjectlve tonal qualltles with obJec-

t1ve spectral analys1s, Helmholtz expressed psycho-phys1cal re1atlonsh1ps 

of comp1ex muslca1 tones ln verbal terms. 23 The tenns «nch and splend1d» 

1nd1cated a tone ln Wh1Ch the low partla1s (l.e., up to the slxth harmon1c), 

were moderate1y loud, while an absence of upper part1als resulted ln a 

«sweet and soft» t1mbre. A spectrum conta1n1ng only uneven numbered part1als 

produced a «ho11ow» sound. A «nasal» qual1ty was deemed to eX1st when 

a large number of odd upper part1als were present. Flnally, t1mbre was 

sa1d to be «r1ch» or «poor» dependlng on the strength or weakness of the 

fundamental p1tch. 

More recently, Yankovsk11 shows that an express10n of mus1cal tlmbre 

based solely on obJectlve data lS 1nsubstantial at best. 24 In h1S work 

on v1011n tone, Yankovsk11 attempts ta establ1sh def1n1te and accurate 

verbal descnptlons based on phys1cal observations. By companng the response 

of various v1011ns ln th1rd octave frequency bands w1th tone quality assessments 

of muslcal experts, Yankovskl1 was able ta verbally character1ze the t1mbre 

of these v10l1ns ln the follow1n@ manner: 

1 ) 

2) 

3) 

4) 

Classical mean (soprano) - correlates wlth a dome shaped 
spectrum w1th 1tS princ1pal maX1mum at 1.25KHz. In addltlon, 
peaks of gradually lncreaslng amplitude were found at 250, 500 
800, and 1.25KHz. 

Bright - is characterlzed by fa1rly strong frequency components 
between 2. 5KHz. -4. OKHz: 

Noble - contalns a large peak at 500Hz. wlth a smaller peak 
at 800Hz. 

Nasal - shows presence of a sharp peak around 1.6KHz.-2.0KHz. 

J 
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5) Tight (thin) - forms a plateau from 500Hz.-6.3KHz. with a 
trough in the middle of band. A wide and deep trough creates 
a «constrlcted» sound. 

6) Pierc;ng - contains pronounced high frequency components around 
4.0KHz. 

7) Trebly - exhlbits a deficlency of partlals below 500Hz. 

8) Contralto - produces a broad peak around 250Hz. 25 

37 

In arder to provlde only essentlal acoustlcal data for quallty assess-

ments, Yankovskll dlvldes the audlo spectrum into four' ma1n frequency zones .... 
26 a) 200-900Hz.; b) 900~2.2KHz.; c) 2.2KHz.04.5KHz; d) 4.5KHz. and the above. 

The author concludes that a11 timbra1 qual1ties can be lndexed accordlng 

to the relatlve strength and position of upper partials Wlthin these four 

zones. 

For example, Brlght tones are typified by a dominance of energy ln 

the 2.2KHz.-4.5KHz. zone. «Thin» or «tight» timbres exhibit more energy 
.. 

above 4.5KHz., while a deep «contraltontone demonstrates greater amplltude 

in the 200-900Hz. zone. 

In a recent artlc1e on the dimensions of 1istening tests, F. Toole, 

~iscusses a study 'by Gabrielsson and Sjogren, who conclude that there are 

on1y eight perceptual dimensions which can «claim reasonable statlstica1 

. d d 27 ln epen ence» 

Clearness/distinctness 
Sharpness/hardness versus softness 
Brightness versus darkness 
Fullness versus thinness 
Feeling of space 
Nearness 
Disturbing sounds 
Loudness 

(~ 



1 

, 

38. 

Another study wa\- conducted by Bartlett, who, after investigating 

the tonal effects of close microphone setups on varl0US instruments, cor­

related spectral features with simple descriptive terms. 28 On an acoustic 

gUltar, he notlced that a «very bassy, thumpy, full» sound corresponds 
," 

to a great boost ln the 30-300Hz. area, while very little energy is found 

above 1.0KHz. A tlmbre «lacklng presence» demonstrates a boost from 80-

200H«., wlth a trough from 200-1. 2KHz. «Weak» timbres are related to a 

lack of strength ln the md-range (l.e., from 300-6IOHz.). 

Moreover, terms such as «bassy wlth goorl presence» refer to a sub-

stantlal boost from 80~200Hz.; a considerable dip at 650Hz.; and a smaller 
.., 

emphasls from 1.5KHz.-2.5KHz. A sound descnbed as <maturally bright with 

clear transients» exhlbits a slight boostJrQ!!l 80-150Hz; a slight trough 

from I50-800Hz.; and a gradual boost from 2.0KHz.-1O.OKHz. 

In general, terms such as «warm» and «full» tend to correlate with 

an i ncrease of bass frequencies, wh; le a «thin!) or «constricted» tone i s 

assoclated wlth troughing in the lowest register. Nasal timbres are attri­

buted to a sharp peak abo:ve 105KHz., while «trebly» or «harsh» timbres 

are often linked with an emphasis in the 1.OKHz.-4.0KHz. range. 

In the quest for a more effective model of timBral descriptlOn, Meyer 

makes use of vowel associations which serve to identify tonal attnbutes 

of sound. 29 For example, «sonority» is defined by the strength of th~ energy 

in the (u) and (0) formant regions (i.e., fram 200Hz.-400Hz., and fram 

400Hz. 600Hz., respectively). A «powerful>l timbre demonstrates great energy 
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withln the 800Hz.-l.20KHz. band, representing the first formant region 

for the vowel (a). A «pungent)) quality lS found in tones exhlbiting strong 

peaks between 1.OKHz.-l.2KHz., whlle a nasal tlmbre is perceived when peaks 

occur around the 1.2KHz.-l.8KHz. area. The author deslgnates two areas, 

l.e., l,8KHz.-2.6KHz. and 2.6KHz.04.0kHz, as belng most important for tonal 

« c 1 a rl t y» and « b rl 1 1 l an ce)) . 

SUMMARY 

The utll1zat1on of vowel analogy wlth 5elected verbal term1nology, 

provldes an lmportant advantage for the categorlzat1on of recorded 50unds. 

In th1S study, a method 15 put forward requ;rlng that the llstener clas-

slfy each tlmbre according to one of the elght vowel types previously d1S-

cussedl. In this manner, each recorded timbre assumes an acoustically and 

tonally un1que vowel-ldenty. 

In addition, once the vowel-identity has been established, a descrip-

tlVe tenn is used to fully charactenze the sound qual1ty. Bearing in 

mind previous attempts to assoc1ate descriptive verbal terms with objectlVe 

data, the followlng list will be used to ald timbral characterlzatlon of 

stringed lnstruments, ln the placement experlments followlng thlS chapter. 

The frequencies quoted are ln reference to the violine In most cases, 

these frequencles wl1l accurately describe the spectrum information for 

the descriptive terme Only in the double bass and cella will these values 

be lower. 
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Full/Solid - strong rundamental and lowest s1,.l.( harmonics 

Bright/Trebly - strong hlgh frequenc;es, i.e., 1.OKHz.-3.0KHz. 

Open/Clear - strong 800-2.0KHz. area. 

Sharp/Harsh - strong peaks above 1.5KHz.; weak bass. 

Present - slight emphasis of 1.5KHz.-3.0KHz. area. 

Nasal - strong peak between 1.OKHz.-2.0KHz. 

Thln/Constrlcted - broad emphasls on upper mld-range, (i.e., 500-

800Hz.); weak bass. 

Bassy/Soft/Dull - emphals on lower mld-range; lack of high harmo­

nle energy. 

( 
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INTRODUCTION: EXPERIMENTAL DESIGN 

Preliminary spectral viewing of a wlde range of notes (played ln a 

number of ways, i.e., pizz., bow, plectrum, finger plcklng) demonstrated 

that it was possible to select one tone that would sufflclently represent 

the timbral balance of the lnstrument. The examlnatlon also focused on 

the lowest reglster, Slnce amplitude varlations of harmonlc components are 

mo~e readily seen. Limltlng the amount of data ln thlS way allowed a more 

ln-depth ~tudy to be rendered. The spectral analysls for each lnstrument 

may be found ln the appendlxes. 

For each acoustical instrument tested, between elght and eleven plckup 

points were chosen. A professional quality condenser microphone (Neuman U87 

set in the omnl-directional positl0~) was also utlllzed for comparlson. 

A group of four pickups and one microphone was employed at a tlme, 

with the lnformation being stored on a twenty-four track tape. This operatlon 

was repeated until the desired number of samples were taken. Storage in 

this way facilitated comparative testing between placements. 

Studies of the vibratlonal character1stlcs of each instrument determlned 

the choice of pickup placements. Timbral changes were solely a result of 

tne instrument at the pickup point and not caused by any external equallz-

~ation. All recording was done in a professional studio envlronment, wlth 

a reverberation time of 0.4 seconds. 

Recorded timbres were evaluated by spectral analysis and then correla-

ted with subjective listening tests. As previously stated, these subjective 
r' 

tests were based on vowel categorizatlons. l ln thlS way, listeners character-

ized the various recorded timbres with specified terms and vowel types., 

41 
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METHOO OF ANAlYSIS 

Frequency and time analysis was carried out on a Hewlett-Packard Digi­

tal Signal Analyser, model 5420A. The selected tone was averaged in arder 

to dlmlnish variance. Sampling time for each note was 20 mSec. and consisted 

of 256 data points (between 5 and 10 averages were taken). Analysls in 

the frequency domain was derived by F.F.T. of th~ time domaln. The band­

wldth was flxed between 50 Hz.-12.8KHz., for the violln, viola, plana and 

gUltar, while a bandwidth of 3.2KHz. was selected for the cello and double 

bass. Observations of the initlal portlon (1 sec.) of the tone was conducted 

as well. In this case, band-selectable analysis of each frequency provlded 

a long enough tlme-record length to capture the entire transient. Expanslon 

of the initial second portion of the analysis clarified the results. Data 

from these measurements were then plotted on a logarithmic frequenoy and 

amplltude scale. 

t---+---I ilP. S-.,L 0 
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RESULTS: VIOLIN 

FREQUENCY ANALYSIS 

A total of e1ght contact pickups were arranged on the body of the 

vlolin in the manner shown ln the Figure 3. For comparison. a Neumann 

U87 condenser microphone (omni-pattern), was posltioned approximately 2 

meters from the performer at a height of 2.5 meters. The violinlst was 
Î 

asked to play the open «G» stnng (l.e .• 296Hz.) in a bowed, non-vlbrato 

manner. The note was played at a medium-forte level and held for approximate-

ly 3.5 seconds. 

Spectrum analysls of the vlolin tone shows that the first formant 

area varled from 400Hz.-600Hz. When the first formant was either 400Hz. 

or 600Hz., the second formant measured at 950Hz. There were two cases, 

l.e., placement iL and &, which exhibited a first formant -of 550Hz., 

and second formants at 1.9KHz. and 700Hz., respectively. 

In the investigations by Meyer and Woszczyk,l domlnant low-frequency 
, 

radiation from the back plate was found to c,reate a dark, singing qual ity 

reminiscent of the low-back vowel (~). However, with the greater selectivity 

provlded by the pickups, a small region was found that reproduced brighter 

timbres corresponding to the low-front vowels (i.e., (al) - (8)). This 
1 

timbre was produced by placements'& , and & . arranged ta the left 

and rlght (respectively). of the vertical mid-line 

Moreover, it was discovered that back-plate pickups placed near the 

vicinlty of the sound post demonstrated brighter timbres than ones located 
< 

1 
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at more remote positions. The action of the ~ sO,und 'post sertes to transmit 

more high-frequency vibration amplitude te the back plate and thus te the 

immediate area. It is interesting to note that the manufacturer of the 

pickup recommends a back plate placement directly over the sound post,2 

(corresponding to placement .1~J. 

The analysls of pickup 5 
() . 

showed a very weak fundamental a10ng w1th 

strong peaks at the second and fifth harmonies. The particu1ar /(edge» 

was attributed to the hlgh amplitude of the fi'fth harmonlc (950Hz.). In 

comparison, placement&provlded a stronger fundamental component, while 

higher formants exhibited lower amplitudes.ln addition, both of these back 

placements demonstrated a broad resonance around 500Hz. and l.OKHz. 

Less «bright» and somewhat «thinner» timbres were found for placements 

& (placed on the side rib); ill (placed on the front plate between the 

«f)) hol'es); and placement'&' (i.e., the microphone). 

The spectral envelopes, derived from these divers'e placements, demon­

strated identical first and second formant values; the third formant varied 

slightly. All tones were «bassy», and could be compared with the front 

vowel (EB). 

Analyses' of the remaining placements indicated that pickups in close 

proximity to the «f» holes or tb the sound post were generally «brighter» 

'in quality. These placements may be categorized wîthin the lowirorit vowel 

group (al':€). 

On the other hand, placements &. (arranged behind the bridge on 

thi-mid-lin~ axis); ..& and 6 (situated on the uppe~nd lower sections . ~ 

of the front plate) produced (oark» and (tless full» sonorities. One finds 

timbres, in thi s area, exhibi ting low-back vowel formant structures (a.) - P). 

" , 
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The «darkest)) quallty was found for placement ~ (sltuated on the 

left side of the back plate near the edge). Due ta the emphasls on the 
• 

lower mld-frequency p-6~tlon of the spectrum, the tlmbre may be described 

as «bassy» or «softll. The envelope shows equldlstantly spaced formants 

resemb li n9 the hi gh-back vowe l (0). 

..-

TIME DOMAIN ANAL YSIS 

For the seven placements analysed ln the time domaln, the average 

46 

duratlon was l07mSec. The longest tranSlent average (141mSec.) was sampled 
/ 

by the mlcrophone (l.e., placement & ), whlle placementmrecorded the 

qUlckest tlme (85mSec.). 

The translent analysls of placements categorized ln the low-back vowel 

_~.;> group (l.e., L1\ ~ ,&. ) exhiblted faster attack durations compared 

with the microphone. Furthermore, the time analysls showed conslderable 

i nstab lllty of the waveform fr'om 600Hz. -750Hz. 

A longer attack duratlon was l11ustrated by Placement&. This 

«da'rk» low-back vowel timbre revealed an\-t!nstable 600Hz. component, while 

the mld-frequency harmonlcs (400Hz. and 950Hz.) took longer to develope 

into a steady-state value. 

Greater amplitude levels for high harmonlcs dUrlng the attack portion 

typlfy the law-fr.ont vowel placements~,&,~ and &. Also lncluded 

in this group ;s the microphone placement~. On the average, these 

placements displayed long attack durations for the lowest harmonics, with con-

siderable instabilit~ between 600-750Hz. During the attack, the mlcrophone 

• 1 
/ 
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exhlblted harmonic instabillty at 550Hz. and 750Hz., with greater l~vels 
\ 
\ 

for the lower harmonics. 

Table l offers a summary description of the salient frequency and 

tempor,al features found ln this placement study. II. / 

( 

1 
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VOWEL 
IDENTITY 

.) - 0. 

œ 

Q. 

::e - € 

o 

œ 

• 
TIMBRE 

thin/hollow 

nasal 

mid-range edge / 
constricted 

medium bright 

open / medium 
bright 

dull / muted 

th in / trebly 

open / bright 
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SPECTRAL 

-weak fundamental 
-peaks at 600Hz.; 950Hz. ; 

and 2. 20KHz. 
-transient instability 

between ~OO - 750Hz. 

-weak fundamental 
-peaks at 400Hz.; 950Hz.; 

2.0KHz. 
-transient instability 
at 400Hz. 

-trans. instability for 
upper harmonics(1.1-1.5K 

-wœk' tun<1amental 
-peaks a t 600Hz.; 950Hz. ; 

1.80KHz. 
-trans. instability be­

tween 600Hz. -750Hz. 

-weak fundamental 
-~eaks at 400Hz. j 950Hz. j 

~.OKHz. 

-weak fundamen tal 
-peaks at 400Hz.; 950Hz. 
-strong attenuation above 

tenth har1llonic(2.1KHz.) 
-trans. instabllity at 

600Hz. 

-strong fundamental 
-peaks at 750Hz.; 2 • 1KHz • 

-weak fundamental 
-peaks at 400Hz.; 950Hz.; 

2. OKHz. 
-trans. instability be­

tween 600-750Hz. 

-weak fundamental 
-peaks at 400Hz.; 950Hz. ; 

thin bass / open 1. 60KHz. 
:e - € 

T 0 b 1 e l 

-trans. instability be­
tween 550Hz. - 750Hz. 
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VIOLA 

FREQUENCY ANALYSIS 

The lnvestlgatlon of the frequency envelope of the elght recorded 

vlo1a tones was conducted ln the same manner as for the vlolln. Flgure 

4 i1lustrates the arrangement of contact plckups that were utlllzed. 

AnalYSls of the formant structure a10ng wlth llstemng tests indicated 

that a wlde range of colours Clould be reproduced. Recorded tlmbres were 

most conslstently categorized ln the front-vowel group (éIl-l ), although -darker tlmbres were also located. 

The general trend of the tonal dlstrlbutlOn on the vlola was conslstent 

with the results found by Woszczyk. 3 USlng a close multl-microphone 

technique, he dlscovered that back-plate radlatlon produces a strong 400Hz. 

component, contributing ta a back vawel (i.e., U_O) colour. Likewise, 

in thE inquiry, analysis of contacts placed on the back plate revea'ts 

a strong peak around 400Hz., (except in placement'& where a strong fundamen­

tal was accompanled wlth a lower flrst formant value). Also, the «harsh» 

quality found ln close mlcrophone arrangements near the neck concurred 

with findlngs in thlS lnvestlgat~n.4 
In many cases, the recprded tlmbres a1so displayed a «nasal» quallty. 

Various authors have ascertained that the «nasal\) feature lnherent ln strlnged 

5 lnstrumental tone 1S related ta a strong peak between 1.0KHz. and 2.0KHz. 

Throughout thlS examlnation, placements exhlbitlng a nasal quality emphasized 

the third harmonie, accompanled with weak second harmonlc. Furthermore, 

a concentration of energy was observed at 1.55KHz. ThlS feature was mast 
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common wlth the recorded timbres corresponding to the front-vowel group 

( éI3 - E). 

The darkes t recorded timbre was produced by placement Lb. and 

categorlzed in the back-vowel group (u). ,The spectrum showed a strong 

fundamental followed by high amplltudes for the next flve harmonlês. A 
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boost ln the 2.85KHz.-3.3üKHz. region contributes ta the tone's «clanty». 

Llsteners described the recorded timbre as havlng a «full» and «bassy» 

sound. 

Back-plate placement'& produced a «rough» or «sharp)) sound. The 

frequency analysts lndicates a weak fundamental wlth large peaks at 400Hz., 

and 650Hz. A slgnlficant boost was found ln the 1.50Hz-1.80KHz. area. 

The back-vowel (0) sound of this placement was charactenstlc of placements 

near the ed~e of the back plate and can be found for other strlnged instru-

ments. 

Pickups ~ , ~ and~ displayed a varlet y of tlmbral changes that 

, occur when contacts are placed just before the brldge. Pickups ~ and 

& were arranged in the middle and to the right slde of the bndge, 

respectively. In the case of &, large peaks were found at 500Hz. and 

650Hz., with a smaller one at 2.25Hz. A boost ln the 1.20KHz.-1.80KHz. 

area contributed to the «nasal» quallty. The formant ratlos corresponded 

to the low-front vowe 1 ( éI3 ). 

Placement of the pickup towards the middle of the bridge (i.e .• placement 

&) created a less <(nasal» and more «open» sond. In thlS case. peaks 

were found at 400Hz .• 650Hz. and at 2.10KHz. Compared with pickup & 
there was less emphasis in the «nasah> region (l.e., from 1.ü-2.0KHz.). 
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Hlgh amplitude levels for mld-range harmonies were observed at placement 

.& , situated at the extreme left side of the bridge. Unlike previous 

bndge placements, the peaks were more distantly spaced (1.e., 450Hz., 1 
1050KHz.; 2.25KHz.) wlth strong attenuation of the components above 2.85KHz. 

l,) 
Formant ratios for thlS tone were similar to the front vowel (E:). Listeners 

charactenzed thlS tone as ((thin» or «constricted». 

Next, an investigatlon of the placement suggested by the manufacturer 

6 of the F.R.A.P. was conducted. Followlng thelr lnstructlOns, placement 

/7\ was arranged on the back plate near the area where the sound post 

lles. Spectrum analysis demo~strated that the first six harmonics were 

strongest. Peaks appeared at 250Hz., 650Hz. and at 3.0KHz., placlng this 

tone withln the (éE - E) vowel category. The timbre was descnbed as being 

«rounded», «well-defined» and considered to best represent the typical 

viola sound. 

Placement & produced the bri ghtest recorded timbre.. A great peak 

at 450Hz. domlnates the first ten harmonies. Two peaks, a large one around 

the 1.50KHz.-2.40KHz area, with a slight one at 3.30KHz., contrlbuted to 

the «harsh» or (sharp» quality. This timbre corresponded to the high­

front vowel group(~ -i). 
o 

The m.icrophone tone was c.onsidered to possess aD «open» and «clear» 

quality, although the low end lacked «definitiom). Spectral analysis exposed 

a weak fundamenta 1 wi th strong peaks at 450Hz., and 650Hz. Moreover, ·in 

contradi st'i nction to other ana lyses, the peaks were l ess exaggerated thrOUgh-) 

out the spectrum. 
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TIME DOMAIN ANALYSIS 

TranSlent ana1YSls of the recorded vlo1a tones exhlblted average attack 

duratlOris 20% longer than found for the vlol1n. The longest attack-tlme 

average was produced by the mlcrophone (170mSec.), a150 demon5trating great 

waveform stablllty. The other contact placements. however, showed slgnlficant 

lnstabl11ty, espec1al1y at the fundamenta1 (150Hz.). fourth and f1fth harmonlcs. 

Relatlvely long attack tlmes were found for placement & (categorlzed 

ln the (u) vowel group). Here the fundamental developed qUlckly (llOmSec.) 

whlle the slxth harmonlc (800Hz.) evolved more 5low1y (220mSec.). Some-

what atyplcal for the vlola p1acemerrts analysed wa5 the mlnlmUm amounlit 

of lnstablllty that was found at the fourth (550Hz.) and 5eventh (940Hz.) 

harmonlcs. Moreover. the stabl11ty of the fundamenta1 was unusual, and 

found on1y ln one other <\non-nasal) placement (l.e., ~). 

Although placements & (m1crophone) and ~ were both categorized 

wlthln the back-vowel group (a), the latter exhlbited much more waveform 

instabi11ty. ThlS was espeelally notlceable in the upper mld-range (l.e., 

from 500Hz.-800Hz.). 

Recorded tlmbres lncluded ln the ( al ) vowel category demonstrated 

an unstab1e fourth harmonie. The most «rounded» tone was a1so the most 

stable (l.e., placement ffi ). Placements & and & yielded timbres 

that were per~elved as «nasal» and «harsh». 80th contalned unstable fun-

damentals and fourth harmonies, whlle'the latter a150 showed instablllty 

at the slxth harmonlc. 

It lS interesting to note that in "timbres that were perceived as «bright» 

J 
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or «sharp) the tone contained a great number of unstable components. This 

was corroborated in the analysls of the front vowel placemen1:s. i.e .• ~ 

E ). and & (L _ 1 ) • 

A number of concluslons were drawn from thlS study. For ex-ample, 

lt was observed that: a) a11 tones recorded by contact plCkups exhibited 

shorter attack tlmes th'an those produced through the microphone; b) transient 

lnstabl11ty appeared to be greater for the top plate plckups, especla11y 

behlnd the bndge; c) plckups arranged near the bass stnngs, between the 

brldge and neck, resulted ln a «c1ean) «fu1h sound; d) plckups sltuated 

near the neck on the top plate produced a «sharp» tone; e) increase of 

unstable components ln the waveform corresponded wlth lncreased unasa1ity» 

and «harshness» ln the sound. 

Table II provldes a summary description of the maln spectral features 

found ln thlS section. 

• 
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VOWEL 
NTITY 

u 

TIMBRE 
DESCRIPTION 

full bass sound 

SPECTRAL 

FE AT URE S 

55 

strong fundamental 
-peaks at 250Hz.;650Hz.; 
-boost in the 2.85KHz.-

3.3KHz. 
-trans. i~tability-550Hz 

E mid-range emphasi -attenuation after 2.85KH 
nasal 

L - 1 

œ - E: 

a. 

0. 

open / slightly 
nasal 

brighE / nasal 

harsh / nasal 

open / rOl\lnd / 

sharp / bright / 

percussive 

open / clear / 

weak low end 

T obI e 2 

-trans. instability from 
150HZ.-900Hz. 

-weak fundamental 
-peaks at 460Hz.;650Hz.; 

2.1KHz. 
-boost in" the 1. 35-1. 65KH 
-trans. overshoot- 900Hz. 

-weak fundamental 
-peaks at 500Hz.;6S0Hz.; 

2.25KHz. 
-boost in the 1.2-l.8KHz. 
-trans. overshoot-SOOHz . 

.. 
-weak fùndamental 
-peaks at 450Hz.;1.65KHz. 

3.3KHz. 
-boost of 1.5-2.4KHz.are 
-trans.overshoot-900Hz. 

-strong fundamental 
-peaks at 250Hz.;650Hz.; 
3.0KHz., 

-trans.overshoot-8qpHz. 

-weak fundamental 
-peaks at 400Hz.;650Hz. 
-boost of 1.S-1.8KHz. 
area. 

-trans.overshoot-900Hz. 

-trans.overshoot-250Hz. 
" instability-!lSOHz. 
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CELLO 

FREQUENCY ANALYSIS 

Along with a m~crophone, a total of nine placements were analysed 

in the frequency domaine Figure 5 illustrates the plckup arrangement employed. 

The cellist was asked to play a legato, non-vibrato tone on the open «C» 

strlng (62.5Hz.) for approxlmately three'seconds. 

The most significant frequency lnformatlon for the cella was contalned 

withi; a 3.0KHz~ bandwidth. 7 Analysis of the recorded cella tlmbres categor-

i zed Wl thi n the bac k-vowe 1 group (i. e., between (.) - (u) ), were cha racter­

ized by two main formants at 200Hz. and 400Hz. Brighter timbres, corresponding 0 

with the front-vowe 1 group (d: - i ) al sa were di scovered. In these pl acements. 

the recorded timbres demonstrated peaks: a) around 600Hz.; b) between 

850Hz.; and c) between 2.1KHz.-2.5.KHz. 

An Jttempt was first made to investigate the plaçement suggested by 

the m9nufacturer of the contact. 8 Therefore, placement ~ was arranged 

on the bass-bar side of the top plate. In this position, the recorded 

cello timbre was categorized in the back-vowel group (u), and described 

as «full» or «sol id» in the low end. Spectral analysis uncavered a strong 

. fundamental and second harmonie. A boost in the 500Hz-900Hz. area contributed 

ta the «open» quality. 
, 

Other placements y~elding «darker» timbres were not considered t,· 

b: as «full». For example, bath placements & (cJ) and ffi(tJ), produced 

«thinner» timbres. In the latter, peaks at 200Hz 4 , 412Hz .• and 875Hz. were 
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accompanied by a weak fundamental and second harmonie. In the former, 

a strong fundamental; 200Hz." 400Hz. region and peak at 1. 93KHz. combined 

to provide a «well-defined»~_low end. 

A typlcal mlcrophone posltion, in front of the top plate approxlmately 

two meters away, was utilized for comparison .. The timbre was «thin» and 

not as well-deflned as for other pickups. The analysis shows concentration 

of enérgy around 200Hz., and between 300Hz.-900Hz. Harmonlcs located above 

this point were attenuated, somewhat reduclng the «clarity» of thlS register. 

The back-vowel sound (éJ -c::J) of placement ffi, was typlcal of other 

plckups sltuated near the edge of the top plate where a falr dlstance was 

malntained from the «f» holes. The recorded cello tlmbre was described 

as «reedy» and was likened to a «bassoon» quallty. At this position, a 

fairly strong fundamental and 250Hz.-375Hz area were discovered. A marked 

peak at 750Hz. (so characterlstic of the bassoon/trombone formant9f was 

bordered by troughs at 500Hz. and 1.QKHz. A boost in the 1.20KHz.-l.93KHz. 

area contributed to the «op~n» quality of this tone. 

A similar type of «reedy» yet «oboe-like» sound (corresponding with 

an higher formant emphasis) was perceived for placement &. However, 

unlike the previous placement, this pickup was situated on the back/plate 

in the lower section of the body and exhibited a «bright» quality corresponding 

with the front-vDwel group (~-Ë). Speetrum analysis revealed a broad 

resonance around the fundamental with high amplitude levels for harmonies, 

between 200Hz .. 600Hz. In addition, troughs were apparent at 750Hz. and 

2.05KHz., while a further boosting of the 1.87KHz.-2.43KHz. area resulted 

in added «sharpness». 
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In general, a pickup mounted on the bridge instantly. responds to the 
.. 

large vibrational amplitude created by the strings~ and is unaffected by 

the filtering action ,of the body. The result is an undesirable emphasis 
," \ ~ f 

'on the high-frequency end'and an 'uneven amplitude response in the lower 
"-

region. Since the low-frequency response of pickups employed in this study 

was shown to be dependent on mounting procedures (Chapter 2), care must 

be taken to have the pl ckup fi rmly mounted to avoi d such «harsh» or «strident» 

timbres. 

However, if many channels are avallable for spectrum balancing, this 

placement ean ·provide added «brilliancell and «bite» to the recorded timbre. 
~ 

Frequency analys;s of placement& , showed that main peaks occur at 400Hz., 

560Hz., 1. 75Hz. , and 2.30KHz • ., whileoslg.nificant troughingtook place between 

150Hz.-375Hz. and at 850Hz. Categorized in the front vowel group (ê-i.)' 

this placement area was described as «trebly» and «harsh». 

Bridge placement m , situated behind the bridg~ near the bass bar, 

is, favoured by the F.R.A.P. manufacturer. lO The recorded timbre produced 

by this pickup displayed a «bright» ql1ality, without the (charshness» of 

the previous brldge placement. Moreover, analysis demonstrated more e,ven 

amplitude levels throughout the harmonies with a stronger fundamental. .. 
The ma informant at 600Hz. contributed to the front-vowe 1 sound (~- [ ). 

, 
As discovered in the viola placements, contacts situated near the 

neck produced the «brightest») qual ity. For example, placement & yielded 

a (charsh» or «throaty» sound ana was categorized in the front-vowel group 

(i). Examination of the spectrum revealed ~ strong fundamental and odd 

numbered harmonies (espeeially 200Hz'., 337Hz., and 475Hz.) .~In ad~on, the 
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spec!rum showed a conslderable energy boost ln the 1.56KHz.-2.37KHz. area. 

The absence of a second harmonlc supported prevlous observatlons, WhlCh 

conclude that the degree of «harshness» lS inversely proportlonal to the 

sfrength of'the second harmonlC. Thus, the «strldentll quallty of thlS 

placement lS partlally llnked wlth the weak second harmonlc component. 

TIME DOMAIN ANALYSIS 

Waveform analysls of the open «c» strlng (62.5Hz.) was conducted for 

each placement. In companson wlth the vlola, the cella produced attack 

duratlons 60% longer. The analysls also showed more waveform stablllty, 

wlth only a mlnlmal amount of tranSlent overshoot. Therefore, the longer 

developlng waveforms of the cello were more stable than elther the viol;n 

or v 1 0 la. , , 

Unllke the tranSlent analysls for ~oth vlolln and vlola, the mlcrophone 
. 

plckup ln thlS case revealed no unstable waveshapes. Furthermore, the 
"', 

mlcrophone dld not have the longest average attack duratlon. (Placement 

&. ' on the lnstrument's slde held that dlstlnctlon). In addltlon, 

1 t was dl scovered tha t for both contact and ml crophone placement s, the 

lowest components developed much mor~ slowly than the hlgher harmonlCS. 

Except for the microphone placement, a number of harmonlcs had a large 

number of varyl ng waveshapes throughout the; r dur?t 1 on. The mos t per-
?(, 

slstently unstable components were the flfth and slxth harmonlcs, (337.5Hz. 

and 412.5Hz. respectlvely). ~llke the vlola, the cella demonstrated a 

conslstently stable fundamental waveform. 
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Table III provides a sunmary description of the main frequency and 

temporal features found in this investigation. 

\ 

l 



VOWEL 

1 
E - L 

:e - E 

u 

;) - 0 

o 

( 

) T a b l e 

~i~HpTION 

harsh / trehle J 
nasal 

medium bright / 
nasal 

solid low end 

open / reedy / 

bassoon-like 

harsh / bright 

bright / reedy / 

oboe-like 

thin / hOl.low 

extremely hollow 

hollow / undefine 

3 
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SPECTRAL 

-strong fundamental 
-peaks at 400,560,940, 

1. 75KHz.; 2. 30KHz. 
-trans. instability-337. 5, 

475. 5Hz. 

-strong fundamental 
-peaks at 400Hz.; 600Hz. ; 

2.25KHz. 
-trans.instability-337.5 

-strong fundamental 
-peak at 137Hz. , 
-hoost between SOO-900Hz. 
-trans.instability-337Hz. 

-strong fundamental 
-peak at 750Hz. 
-boost between 250-375Hz; 

1. 2-l. 93KHz. 
-trans.instability-412Hz. 

-strong fundamental 
peaks at 200Hz.;337Hz. 
deep trough at l37Hz. 
boost between 1.56-2.37K 
Hz. 

strong fundamental 
peak at 875Hz. 
boost between 200-500Hz. 
l.87-2.43KHz. 
trans. instability-412Hz. 

strong fundamental 
peak at 1. 93KHz. 
boos t b"tween 200-400Hz. 
trans.instability-137, 
462.5Hz. 

weak fundamental 
weak 137,262. 5Hz. ,750Hz. 
peaks at 200,412.S,875Hz 
steep fall beyond 1.0KHz 
trans instability-4l2.5 
Hz. 
very weak fundamental, 
137Hz. ; and 262Hz. 
peaks at 200,262,400Hz. 
trans.overshoot-262Hz. 
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DOUBLE BASS f 

FREQUENCY ANAlYSIS 

The recordlng of the double bass offers one of the most formldab1e 

challenges for the sound englneer. Slnce the lowest fundamental (E
3
-41.2Hz.) 

lS a1most a full octave below the alr resonance of the lnstrument, the 

double bass has dlfflculty radlatlng tones ln the lowest reglster. Il 

The natural1y weak proJectlOn of the lowest tones campounded wlth 
f-

unwanted reverberant sounds ln the recordlng environment, dlscourages the 

use of dlstant mlcrophone setups. Close mlcrophone arrangements also have 

sorne drawbacks, for whlle mast frequencles are radlated ln a ~emlspherical 

pattern around the bass, narrower patte~ns of dlrectivlty stl11 eXlst for 

the hlghest components. In many cases, the resultant recorded tlmbre 

suffers From an (111-defined» or «weak)) low end, wlth an uneven amplitude 
l 

response for the hlghest fre~ency. 
\ 

Contact plckups, on the oth1f hand, are especial1y deslgned for optlmum 

isolatlon and tonal locallzation/. As noted earlier, contacts cons-istent1y 
l 

ensure good energy t~nsfer ln the high end, regardless of the mounting 

procedure (Chapter 2). Moreover, after sorne practi ce, placements can be 

found that provlde an effectlVe means of obtainlng a «sol ld» and «clean) 

low end to the otherwi:e natprally «weak» lowest register. 

Along wlth the manufactuer's recomme~ded placement,12 SlX other pickups 

were disposed on the front and back plates. As ln preV10US examinations, 
.. /1 

an'onmi-dlrectlonal microphone was p'laced two meters from the performer. 

Il 
Il 

) 
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Figure 6 illustrates the tonal vanety ava-llable through selected contact 

placements. 

Frequency analysls of the recorded bass tlmbres showed that the first 

formant vaned from 88Hz.-163Hz., while the second and thlrd fonnants regls-

tered between 200Hz.-400Hz. and 500Hz.-750Hz., respectlvely. Slnce the 

comparlson wlth the formant structure of spoken vowels was based on formant 

ratlOs, rather than absolute values, these low frequencles dld not pose 

a senous obstacle towards tlmbral categOrlZatlon. 

A serles of plckups arranged over a large area of the back plate were 

faund ta emphaslze frequencles a llttle more than an octave above the fundamental. 

Typ 1 ca 11 y, the more «muted») or «non-open)) timbres corresponded Wl th an 

attentuatlon of the 400Hz. area, whlle «brlghter» tones exhlblted more 

energy ln the ~OOHZ-1.0KHZ. range. These plckups also presented a smaller 

peak at l.OKHz.· COrflpared ta the front-plate plckups, analysls showed a 

weaker fundamental. 

Back plate placements & , & , & and & , a 11 showed a tlmbral 

homogeneity corresponding to the back vowel group (u-~. Within this assem­

blage, placement .& , sltuated on the lower belly near the edge, demon­

strated the most «sol id» deflnltlOn of the lowest reglster. Generally, 

thlS area of the 1nstrument lS qUlte rlgld compared to the mlddl) reglon 

of the plate and tends to lessen the boosting effect of the plate resonance 

on the m1ddle register. Consequently, one can effectlvely lncrease the 

«presence) of the lowest end by movlng the plckup toward the edge. 

Frequency analysis of placement~ showed two formant areas between 

88Hz.-200Hz."and 280Hz.-400Hz., wlth very little energy above 500Hz. The 
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recorded timbre was categorized wlthJn the (u) back-vowel group. 

DispositlOn of the contact at placement'& resulted in a «muted» 

or «dull» quallty. \High-frequency components (1.e .• above 500Hz.) are 

attenuated, resultlng in a (mon-open» sound. Outslde of the main resonant 

peak at 200Hz. there are no strong part1als in the low end . 
... 

As discovered ;n the prevlOus sectlOns, plckups arranged around' the 
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sound-post area of the back plate produced «bnghter» tlmbres. For example, 

Place~nt ill was descnbed as (wpem) or «clear» and categorlzed w1thln 

the (o.-œ) vowel group. Analysls revealed a broad resonance ln the 500H~.-

1.0KHz. range. 

\ 

As the p1ckups were moved away from the sound-post area, a gradua l 

weakening of the high end resulted ln a «muted» and ewan-open» sound. Pl acement 

& occupied a point on the upper reg;on of the back plate, far from the 

sound-post area. As expected. a severe attenuation of components above 

450Hz. produced.a «dull» or «bassy» qual1ty. Most of the energy ;s concentrat-

ed within the 88Hz-400Hz. band. 

Analysis of the front-plate pickups revealed high-frequency components 

extending ta the 2.5KHz. region. Unlike the back pJate, p;ckups here exposed 
., 

For-example, placement & sltuated on the a much wider tlmbral range. 

bridge itself, presented a very «bright)) and «open» timbre. In thlS case, 

resonances at 378Hz. and 1.17KHz. contributed to an (1) sound. Unllke 

at most other placements, the fundamental here (37.9Hz.1'was the strongest 

component ln the spectrum, resulting in a «clear» or ((well-defined» low 

end. 

Placement & represe,n~ts the fmS itlon suggested by the F. R.A. P. manu-
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'" 13 facturer. The spectral envelope showed strong peaks at 125Hz., 341Hz. ? 

and 2.0KHz. Categorlzed ln the. law-front vowel group ([è), the recorded 

tlmbre was descrlbed as «medlum-brlght» and «open». 

The plckup was then moved behlnd the treble slde of the brldge (plactfent 

L1 ) where lt dlsclosed a (bltlng» and ((full» low-end quallty. Spectrally, 

th1s tlmbre was 1dentl~led~Y a resonance ln the 160Hz.-500Hz. range and 

by a boost ln the 1.0KHz.-2.25KHz. reg10n. The t1mbre was categorlzed 

wlthln the back-vowel (u) group. 

In general, tlmbres recorded by plckups ln front of the brldge we're 
, \ 

conslde~d «(dullen) and less (Solld» ln the low end. For example, analysls 

of placement & revealed a weak fundamental and 2.0KHz area, wh1le a strong 

peak was found at 125Hz. Th1S tlmbre was ldentlf1ed with the back vowel 

(J) .. 

The tone reproduced by the m~crophone ( ffi ) was judged to be «open» 

and «fairly brightn w1thout a «well-defined» low end. Analys1s illustrated 

a marked peak around 88Hz., and a weak fundamental. The ma1n formant, 

situated ln the mlddle-frequency range, contributed to the «open» front-

vowe l qua l ity (E). 

tFrom thlS examlnation, it was concluded that: a) back-plate placements 

off-center and near the edge produced «deef» or «dark» timbres; b) the 

reglon surroundlng the sound post on the back plate demonstrated (bright~r» 

tlmbres; c) a «full» low en~ was found in placements sltuated behlnd. rather 

than ln front of the brldge; d) a «full» and «brlght» sound was exhiblted 

by placements arranged between the legs of the br1dge; e) an «extremely 
.. 

brlght» qual1ty was d1scovered when the pickup was placed on the brldge. 
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TIME DOMAIN ANALYSrS 

For the double bass, a total of SlX placements were analyzed in the 

time domaln. The average attack time of these placements proved to be 

68 

4% longer than that of the cella placements. The back placements produced 

the longest translent tlmes. The shorter attack durations of the bridge 

placements resulted ln an lncrease of «brlghtness» and «presence». 

In general, the tranSlents exhibited a great amount of instablllty, 

especlally at the fourth harmonlc (163Hz.). Overshpot was prevalent between 

the four th and eighth hannonlcs lncluslve. Durlng the lnitial 100 mSecs. 

of the hlgher harmonlcs, a small peak appeared, followed by a longer one. 

Such hlgh harmonlc instability was not observed ln the microphone analysis. 
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VOWEL 
IDENTITY 

.:e 

u 

1 U 

u 

0. - J3 

IJ 

E 

T a b 1 e 

TIMBRE 
DESCRIPTION 

open / bright / 
c1ear low end 

clear high end 

we1l-defined low 
end 

dull / nasal 

solid / well-de­
f ined low end 

muffled / muted 

du Il 

bassy 1 muted 

open / i11-de­
fined bass 

1 V 

SPECTRAL 
FEATURES 
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strong fundamenta1 
-peaks at 378,1.17KHz. 
-trough at l25,750Hz. 
-boost between 1.O-1.43KH 
-trans.instability-125-

287Hz. 

-weak fundamental,265Hz. 
-peaks at l25Hz.;34lHz. 
-boost between 1.43-1.70K 

trans.overshoot-200-280H 

-strong fundamental 
-peaks at 12S,750,and1.32 
-boost between 1.O-2.25KH 
-trans.instability-163 -

287Hz. 

-weak fundamenta1 
-peaks at l25Hz.;200Hz.; 

287He. 

• 
-weak fundamental,163Hz. 
-peaks at 88Hz.;200Hz. 
-boost between 287-400Hz. 
-little energy above 500H 
-trans.instability-163Hz. 

-strong fundamenta1 
-peaks at 200Hz.;454Hz. 
-strong attenuation above 

600Hz. 

-weak fundamental 
-peaks at 300Hz.;500Hz. 
-boost between l2S-l63Hz. 

'--deep troughs at 200,450 
Hz. 

-weak fundamental 
·peaks at 88,163, and 

250Hz. ; 900Hz. 
-deep trough at400Hz. 
-trans.overshoot37.8;327H 

-weak fundamental, 350Hz. 
500Hz. 
-~ks at 250,450Hz. 
-trans.instabi1ity-163, 

378Hz. 

.. 
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PIANO 

FREQ,UENCY ANALYSIS 

For the piano, (a seven-foot Yamaha grand), one microphone and ten 

contact placements were selected for analysis. Groups of pickups were 

disposed: a) near the hammers; b) in the sound parts; c) on the bass and 

treble bars, and; d) on the underslde of the soundboard. Flgure 7 illus-

trates these arrangements. 

A wide range of timbres were uncovered as each individual plckup was 

examined. The pitch selected for analysls (i.e. C2 - 150Hz.), fal1s within 
... 

a register in which weak acoustical radiation results in «poor bass defini-

tion». For example, in his analysis of this problematic register, Meyer 

found that the intensity maximum shifts from the fundamental to higher-

d h . 13 H '. f' . k 1 t d' d or er armonlCS. owever, specl lC plC up p acemen 5 were lscovere 

which diminished this problem by enhancing the fundamental and th us lmproving 

law-end «clarity». 

Analysis of the most slgnificant sound-shaping formants within the 

piano spectrum, revealed three distinct frequency divisions. The 300Hz.-

550Hz. range, characteristic of the first formant of the high-back vowel 

(u), was usually accompanied with a strong fundamental producing a «deep»~ 

«full» tone. A second division 700Hz.-1.55KHz., corresponded wi.th the 
1 

fi rst formant for the front vowe 1 (t2! ). A peak in th; s area contri buted 

to tonal «fullness» and «openness». A boost in the final division, 2.0KHz.-

3.0KHz., produced a «sharp» «percussive» timbre, identifying this sound with 

l 
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the high-front vowel (i). 

Microphones are often plaeed in the sound ports of the piano, in arder 

ta gain suffieient isolation and timbral separation. Sinee these ports 

offer dlrect aecess to the vibrational source, an increased transient «clar­

ityll and «brilliancell is encountered. Analysis of plaGements &.' ,ffi ' 
~ provlded objective spectral data whiçh then could be correlated with 

the distlnet timbral changes incurred at each port. In this group, the 

most slgniflcant energy was contalned wlthln a 2.70KHz. band (i.e .• up . 

to the eighteenth harmonlc). 

Spectral analysis of the timbre produced at placement ~ demonstrated 

the s tronges t fundamenta 1 of the port placements. A «bri ght» front-vowe l 

;'timbre (e- L ) was attrlbuted to a broad plateau between 980Hz.-2.7KHz. 

)

\.. (i .e., from the sixth ta elghteenth harmonie) and peaks at 1. 1KHz. and 

.25KHz. Compared with othér pickups in this trio, placement ~ presented 

fewer exaggerated peaks in the «nasal» range, (i.e .• 1.0KHz.-2.0KHz.). 

Placement & was mounted in the centre port near the string crossing. , 
, 

Frequency analysls. illustrated that the lower ha~nics. especially the 

fifth (850Hz.~ to the tenth (1.15KHz.) were weaker than those of the other (> 

port placements. There was also a strong peak at the fourteenth harmonie 
. 
(2.15KHz.), which added a «nasal» quality to the tone. The pickup produced 

a back-vowel (J-(;)) quality describe,Ç! as «hollow» or ({thin». 
III 

The final member of this trio, placement ~, was positioned in 
. 

the second sound port on the treb1e s~de of the keybpard. The recorded 

sound 'eontajned a large peak at the sixteentlÎ' harmonie (2.4KHz.). with 

a broad trough between the sixth and tenth harmonies (950Hz.~1.50KHz.) 
... 



~'\.. ___ . eJ-Q. 

',' 

c 
Figure 

\ 

1 

, 'ft. 

72 

'. 

/ 

. 
ê-L 

u 

u.. 

7 PIANO 

~ ~ - ~ ----.,~ ...... -------.,---... -.,--------_____ 1 

, 

i 
1 

1. 
f 



e. 

( 

, 

Although somewhat ,(hars~», this timbre produced more low-endrner~y (up 

to the .sixth barmon;e), a main feature of the baek-vowel group Cu). 

A second collection of pickups placed near the hammers, produced'~ 

\ 
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wide range of tonal possibilit;es. Commenclng wit'h the treble end, the 

spectrum for pickup& ' situated opposite the D2 strong (1.17KHz.), showed" 

weak low energy up ta the",.twelfth harmonie (1.80KHz.). and a large peak 

at the fifteenth harmonie (2.25KHz.) The resulting «sharp» or ({pereussive» • 
qua 1; ty eorresponded w; th the front vowe l (i). 

The second plekup in thlS group, placement.&., was situated at the 

mid-region of the keyboard near the note F (349Hz.). The recorded timbre 

was perceived as «trebly» with a «thin bass» and categorized in the back­

vowel group ~-a). The speetrum showed a weak fundamental and second harmonie 

(400Hz.) and an emphasis of mid-frequency harmon;cs (i.e., from the fifth 

(800Hz) ta thirteenth (1.95KHz.)). / 

The third pickup, ~lacement ft ' produced an «open» and «clear» 

front-vowel \sound (Gè ). In addition, emphasis of the lowest harmonies 

eontributed to a «full-bass» sound. With the exception of a peak at the 

eighth harmonie (l.2KHz.), high-,frequency energy was attenuated above the 

twelfth harmonie (l.80KHz.). 

To complete the investigation of the top soundboard, a pickup was 

14 situated on the midd~e of the bass bar. Due, to large peaks at 2.40KHz. 

and J.15KHz., the none exhibited a «sh~rp» quality not found in pr'evious 

placements. 

A boost in the 1.5KHz.-l.8KHz. range contributed to «bri~ht» «nasal» 

q,uality, which was .. cate~orized within the front-vowel group (ê- i.. ). 
, 

1 , 
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The next 1nvestlgatlon was of the tlmbres produced by contacts on 
, 

the underslde of the soundbtlard. A total of three p1ckups wer-e ar-r-anged 

on the treble bar from the «head» to the «tallD of the Instrument (placements 

~ , ~ , and & ). Results lndlcated a «brlght» quallty towards 

'1,. 
There were a number of marked tonal d1fferences between th1S and 

prevlous plckup arrangements. For example, placement ~ was s1tuated 

near the curve of the harp. In thls posltlon, the resultant spectrum was 

deVOld of exaggerated peaklng ln the hlgher-frequency reglOn. The most ., 
slgnlflcant peaks eXlsted at the fundam~ntal (150Hz.) and second harmonlc 

(300Hz.). The comblnatlon of these features produced a «dull» or «muffled» 

tone that wàs categorlzed ln the back-vowel group (u). (Compare thls .. 

descriptIon wlth the slmllarly posltloned plckup, placement ~ J. 

Another plckup was placed ln the mlddle of the soundboard, as 

15 /)... recommended by the manufacturer of F.R.A.P. (placement fi). Unlike 

placement & , also sltuated ln the sound port, thlS position'ylelded 

a ((full», «deep» bass sound categorlzed wlthln the back-vowel ( tJ ) group. 

The frequency envelope revealed strong low harmonlcs wlth peaks at the 
J 

flfteenth (2.25KHz.) and slxteenth (2.40~Hz.) harmonIes. 

The «brlghtest» tImbre was recorded by a plckup sltuated at placement 

Compared wlth other placements, this spectrum showed an overall 

inerease in level for harmOnies wlthin the 3.0KHz.-5.0KHz. band. Strong 

peaks were observed at 300Hz. and 3.15KHz. The formant structure of thlS 

«brightll, «clear» tone was, placed wlthin the front-vowel category (i ). 
( 

An overall lack of energy beyond the slxteenth hannonl"C (2.4KHz.) con-

1 

-~ 
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trlbuted to a «dull», «bassy» quallty ln the sound produced by the mlcro­

phone (placement ~ ). Energy was concentrated wlthln the flrst SlX 

harmonlcs (l.e., up to 850Hz.), with the most slgnlflcant peaks occurlng 

at the second (300H«.) and fourth (550Hz.) harmonlcs. The tlmbre was cate-

gOrlzed ln the back-vowel (ë)) group. 

TIME DOMAIN ANALYSIS 

The attack 'duration of the plano was lO%~rter than that of the 

vlo11n. In the low end, the mlcrophone exhlblted the slowest tranSlent 

times of a11 the plckups tested, while hlgher harmonlcs (above the fourth 

harmonlc) were generaTly equal ln duratlOn. 

The analysls demonstrated far greater waveform lnstabll,ty for the 

piano than for lnstruments in the bowed-strlng group. Wlthln the first 

lOOmSec., the lower hannonics were falr1y stable, especlally at the fourth 

harmonlc (550Hz.). 

The sound-port piekups &.. ,,& ,& dlsplayed q~Jlck tranSlent 

tlmes (average 69.1mSec.). Overshoot occured at the second and fourth 

harmonlcs (300Hz. and 550Hz., respectlVely). The fourth and flfth harmon-

ies proved to be the most stable eomponents ln thlS tone (550Hz., and 700Hz.) 

The «ringlng)) q~ality assoclated wlth placement m was explalned 

by the great amplltude of thé hlgh harmonlcs around 3.0KHz .. (possibly d,ue 
"Ai 

to a resonance in the pickup (Chapter 2)). In addHlOn, time analysls 

of the higher components exhibited a pseudo steady-state of 350mSec. dur-

at10n after which a more stable lower level was reached. In thlS placement, 

as in others of this group, the lower harmonlcs were quite stable. 

j 
i 
,j 
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Plckups arranged near the halllllers (& ' & ' ffi) displayed a 

dlVerslty ln waveshape charactenstlcs. Generally, the flfth and slxth 

harmonlCS were qUlte unstable (700Hz. and 850Hz.). In the case of the 
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«brl ght» p lacment & ' there was cons'iderable lnstablllty for most ft 

of the harmonlcs beyond 250Hz. In contrast. ((darker>l placements. ~ and 

Œ , showed less overshoot (550Hz. and 400Hz.-550Hz. respectlvely). 

Per~stent lnstabi llty of the waveform was typical of many of the 

«brlght» or ((strldent» timbres analysed. For example, ln the analyses 

of placement m (t-t) and placement ..M (i) both contained a large 

overshoot at the second and thlrd harmonlc (300Hz. and 400Hz., respectively). 

There was also an increase in waveform instablllty past the slxth harmonlc 

(850Hz. ) . 

~. Analysls of the «dullu or ((muted» tone produced at placement ~ itmwed 

conslderable overshoot for the second and thlrd harmonlcs along wlth a 

very slow-developlng fundamental. After O.5sec., the fundamental domlnated 

the spectrum, thereby masking the hlgher harmonlCS (above 550Hz.). 

Analysls showed that during the lnltial 200mSec. of the waveform produced 

at placementh'y (Q':.), the fifth harmonlc (700Hz.) domlnated the speetrum. 
~ 

After thlS period, the f~ndamental which was the weakest component, gained 
• 

J " amplitude and emerged as one of the ~rongest components. 

.... 
/1 " The tone produced by the mijroijhone emphaslZed the lowest harmonies. 

-~ 

The attaek duratlons for these partials were longer than those found for 

the contact pickups. An espeeially pronouneed overshoot occured at the 

second ha rmon i c (300Hz.). 

, 
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VOWEL TIMBRE 
lDENTITY DESCRIPTION 

J - Q 

E - l 

u 

strident / thin 
!bass 

trebly / thin / 

weak bass 

clear 1 open 

very brig~/ 

nasal 

harsh 1 extreme 
ringing 

SPECTRAL 
FEATURES 

-weak fundamental 
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-peaks at 300, 2.25KHz. 
-trough between 400-1. OKH~ 
-trans. instabllity-250-80C 
-" overshoot-550Hz. 

-weak fundamental 
-peaks at 400Hz.; 700Hz.; 

1.65KHz.; 2.85KHz. 
-troughs at 300Hz.; 1. QKHz. 

-trans. instability-700 -
800Hz' . 

-trans. overshoot-550Hz. 

-strang fundamental 
-peaks at 400Hz.; 1. 2KHz. 
-trough at 300Hz. 
-most energy below 2. 5KHz. 

-trans. instability-700 
-trans.overshoot-400-550H. 

-weak fundamental 
-peaks at 400Hz.; 2. 45KHz . 

3.15KHz. 
-troughs at 300Hz.; 1. OKHz 

-trans. overshoot-300Hz.-
400Hz. 

-strang fundamental 
-peaks at 700Hz.; 2. 45KHz_ 

-boosl: between 300-40OHz. 
-troughs at 550, 1. OKHz. 

-trans.overshoot-300 -40Q 

-g t rang fundamental 
-peaks at 300Hz.; 550Hz.; 

2. 15KHz. 

thin bass h nasal -trough between 850Hz. -
;) - 0 1015KHz . .... 

-trans. overshoot-300HZ. 
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VOWEL TIMBRE 
IDENTITY DESCRIPTION 

" .., 

1 G f - L bright 

( -
L/ 

~/ 1 u muted / muffled/ 
duil , 

L/, 
-, 

. 0 full basa sound/ 9> muted high end 

'.J 

[P~' 1 

bright / clear 

.J~ high end 

U '\ 

J 

bassy / muted 
highs 

U [9' 

T a b 1 e v ( a ) 

, 

" 

SPECTRAL 
FEATURES 

78 

~strong fundamental 
!""peaks at 1. OiQ1z. ; 2. 25KHz 
--boost between 980-2:f1Œz. 

r-trans.overshoot- 300Hz. ; 
550Hz. 

weak fundamental 
peaks a t 300Hz. ; 550Hz. 

-
absence of high frequency 
harmonies 
trans.overshoot- 300Hz. 

f-strong fundamentai 
peaks at 300Hz. ; 400Hz, 
boost between 2.25-2.4KHz 
little energy beyond 2.55 

trans.overshoot- 300!;i.z. 

-strong fundamental 
-peaks a t 300Hz.; 1. 4KHz. 
-3. 15KHz. 
-trough between 850-l.1K 

-trans.overshoot-300Rz. 

-strong fundamental 
-peaks at 300Hz.; 550Hz. ; 

2.46KHz. 

-trans.overshoot- 300Hz. 
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, 
GUITAR 

FREQUENCY 

r ~_ 

In thlS study, ten plckups were placed as 'llllistrated 
\ 
1 

ln Fl gure 8 . 

Two main areas of the front plate were lnvestlgated: a) around the brldge 

and; b) on the upper portlOn of the body. After prellmlnary lnvestlgatlon, 

a single plckup pOSltlon was selected to best represent the back plate. 1 

For comparlsion, a Neumann U8? microphone.(omm) was placed one meter from 

the performer. 

The instrument was a high-quallty nylon-strlnged acoustlc guitare 

The performer was asked to pluck the note G#, (utlllzlng hï,s nall), sustalnlng 

the note for approxlmately three seconds. 

Fi ve pickups were arranged near the brldge. Manufacturers of the 

F.R.A.P. suggest a pla"cement Sllghtly off to the nght of the brldge,16 

slmllar to placement ffi. Analysis of the spectrum produced at thlS pOlnt 

revealed a strong fundamental and a promlnent peak at 250Hz. "A lack of 

high-harmonlc informatlon contrlbuted to the «bassy», or ((dul1» quallty. 

The timbre was compared wlth the hlgh-back vowel (u) group. 

Placement & ' sltuated on the bass slde of the bridge produced a 
1 

«weaker» bass than Placement&. Spectrum analysls of placement & C _, 
uncovered a weak fundamental wlth peaks at 250Hz., and a boost between 

500Hz. -600Hz. Th 1 s placement, ca tegorl zed 1 n the back-vowe l ( () ) group. 

was described as ((bassy» Wl th a ({muted hl gh end». 

Although the placement of plckups on the brldge ,itself is not usually 
L, 

i 

J 
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recommended (see Cello Sectlon), llsteners descnbed the tlmbre produced 

at placement L1. as «fulln and (<open». The spectrum of the tone contalned 

s trong peaks a t 650Hz. and 1. OKHz., wlth a boos t of the reglOn 250Hz.-

350Hz. The tone was charactenzed wlthln the front-vowel (~ ) group. 

1 Placement & represented a posltlOn behlnd the bndge near the lower 

strings. Analysis ~f the tone revealed a strong fundamental wlth promlnent 

peaks at 250Hz. and between 500Hz.-600Hz. The hlgher harmonlcs, (untl1 

2.5KHz.) were strong in comparlson wlth either placements & or & 
The formant structure of this tone (comparable to the (œ) vowel type) 

was described as «sol id)) or (tfulll>. 

p.. plckup placed dlnectly behind the treble area of the brldge produced 
J 

the «brightest» timbre. In this pasltion, placement & Ylelded a strong oP 

fu1tdamental with peaks' at 250Hz. and 850Hz. Correspond; ng Wl th the ~ront-

vowel group (~- [,.), the tlmbre was described as «brlght)) but wlth a 

«weak-low end». 

A second group of pickups arranged on the upper area revealed greater 

tonal differences .. For example, a «bassy» and «muted)) tlmbre was recorded 

by a pickup at Placement;9\. Categorlzed wlthln the back-vowel (;) ) 

group, the spectrum 

600Hz. -750Hz. 

Another pi ckup 

conta i ned a s trong jundamenta 1 and a broad peak between 

po\ 10 n ta the 1 eft of the neck (p 1 acement ~ ), 

presented a «bright,), «edgy)} tone. Compared ta the prevlous recorded \ 

timbre. the spectrurn showed greater amplitudes in the 650Hz:-900Hz. range, 

correspanding to the hi gh-vowe 1 group (~- t. ). 
The ((bri ghtest», souryls emanated fram plckups sltuated near the port, 

placement .& > or by t~\ neck, placement .&. Analysls of the former 

, 
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tone dlsclosed a weak fundamental followed by strong harmonlCS at 350Hz., 

500Hz., and at 1.1KHz. The tlmbre was consldered ta have had a «(medium-

~,-
bnght» quallty, and a «weak-low end». The formant envelope of this tone 

re 1 a ted to the fron t-vowe 1 group (E. - L ). 
From the latter placement a «bnght» yet «thln)) tone was prod'uced. 

~aks occured at 250Hz., 750Hz., and at 1.1KHz., formi ng a resonant structure 

comparable to the front-vowel group (L). A substantial trough fram 350Hz.-

650Hz. weakened the bass. 

A plckup positloned on the back plate, placement M, produced 

a «solid» and (<open» sound, corresponding ta the law-front vowel (~). 

Along wlth a strong fundamental. analysis uncavered peaks at 250Hz., 600Hz. ~ 

and 905Hz. 

Although listeners described the tane produced by the microphone as 

«duller» than t,hose of the plckups, it was, nevertheless, considered «clear». 

AnalYS1S of the recorded timbre disclos~d a strong fundament~il along with 

peaks at 150Hz. and 600Hz. In addltlon, hlgher harmonies were attenuated 

more 50 than in tones produeed by the plckups. 

TIME DOMAIN ANALYSIS 

::; , 

The analysis of the guitar's attack duration revealed an average time 

of 90.5mSec. Thraughout this investigation, the most notable ~ifferenee 

from the plano and other stringed instruments was the large variation in 

amplltude at the second harmonie (250Hz.). This variation was greatest 

dunng the first O.5sec of the sound. Because the level was 50 large aQd 

1 f 

.' 

·-------·-'''lC • 
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consistent throughout these analyses, 1t rema1ns an 1dentlfylng acoustlcal 
• 

feature of the gUltar sound ln thlS reg1ster . 
• 

Placements y1eldlng brlght tlmbres, such as placement & (L) demonstra-

ted lnstablllty at the thlrd and fourth harmon1cs (350Hz., 650Hz.) Harmonics 

ln the 650Hz.-l.lKHz. range (fourth to seventh) ach1eved the greatest level 

withln the flrst 60mSec., wh1le the lower harmonlcs, especlally the second, 

developed more slowly. 

In a number of the ((brlghter» bndge placements analysed, the hlghest 

harmonlCS decayed mo-st rapldly, after 200mSec. In the analysls of placement 

~ , the proX1m1ty of the plckup ta the treble area of the brldge was 

responsible for great amplltude levels ln the high harmonlcs, especlally 

dunng the tranS1ent penod. 

In contradlstlnctldn to the plckups, the tone produced by the mlcrophone 

was devold of large ampllt,ude var~latlons ln the hlgher harmonlcs. In the 

lowest partlals, overshoot was prevalent, notably at the slxth (600Hz.). 

Also. the fundamental and second harmonlc demonstrated large amplitude 

variations. 

Analysls of the wave form produced at the back-plate placement. & 
di d not uncover maJ or dl fferences Wl th front-pla te ana 1 yses. However, 

Q 

the absence of a làrge overshoot at the second harmonlc (250Hz.), accompan-

i.ed with a more ~~le fundamental was notlced. In comparison wlth front 

plate pickups, placement ~ exhlbited fewer amplltude changes during 

the initlal lOOmSec. of the sound. 
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~PECTRAL 

, 
-weak fundamental 
-peaks at 650Hz.; 1.0KHz. 
-boost between 250-350Hz. 

full bass / open -trough at 475Hz. 
-trans.instability-650Hz. 

right / weak low 
nd 

Bolid mid and low 
end 

assy / dull 

aasy / muted high 
nd 

ed-bright /weak 

owend 

V l 

strong fundamental 
peaks at 250Hz.; 850Hz. 
troughs at 400Hz.; 750Hz. 

trans.instability-350 -
700Hz. 
trans.overshoot-lOO-2s0H 

strong fundamental . 
peaks at 250Hz. l' 
boost between 500-600Hz. 
troughs at 45OHz.;1.OKHz. 

trans.overshoot-250Hz. 

strong fundamental 
peaks at 250Hz. ;350Hz.; 
1. OKHz. 
1ack of high harmonies 
trans.instability-600-
900HZ. 
trans.overshoot-350Hz. 

,f 

weak fundamental 
peaks at 250Hz. 
boost between sDD-600Hz. 

trough at .200Hz.; 450Hz. 
transe instability-lOOHz. ; " 
900Hz. 
trans.overshoot-500Hz. 

-weak fundamental 
-peaks at 3s0Hz.;500Hzt 
1. 1KHz. 

-trough at 870Hz. 

-trans.instability-950Hz. • 
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VOWEL TIMBRE 

85· 

IDENTITY DESCRIPTION 

SPECTRAL 

FEATURES 

:e - c: 

-strong fundamental 
-peaks at 250Hz. 
-boost between 650-900Hz. 

bright 1 mid-freq -trough at 500Hz. 
edge -trans.instability-650 -

thin /constricted 

900Hz. 
-trans.overshoot- 650-900 
Hz. 

-strong fundamental 
-peaks at 250Hz.; LlKHz. " 

-boost between 750-1.45KH 

-trough at 500Hz. 

-trans.instability-650Hz. 

-strong fundamental 
~ -peaks a t . 250Hz. ; 600Hz. ; 

bassy 1 muted 
high end 

soUd low end 

l.lKHz. 
-deep trough at 200Hz. 

-trans.instability-850Hz. 
-trans.overs,oot-600Hz. 

-strong fundamental 
-peaks at' 250Hz.; 600Hz.; 

905Hz. 
-tr'ough at 450Hz. 
-trans.instability-150, 

350Hz. 
-trans.over~hoot-lOO-600 

-strong fundamental 
-peaks at 150Hz.;600Rz. 
-trough at 750Hz. 

E: - L i clear high end -trans.instability-250Hz. 
-trans~vershoot-150Hz. 

:. 
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, 
CONCLUSION: A COMBINATIVE MICROPHONE TECHNIQUE" 

The experiments reported in the last Chapter deal t with the tonal affect 

created by indivldual contact and microphone placements on a number of . 
acotlstical instruments. The discussion in this Chapter will seek to examine 

a comblnative approach for sound pickup that taKes advantage of the timbral 

flexibility provided by both types of transducers. The fundamental principles 

of the combinative method.are consistent with multi-microphone techniques pro-
o 1 

posed b~ Woszczyk and Bartlett. However, whereas timbral colorations or 

modifications produced by close-microphone air-transducer arrangements are de-

pendent upon the'changing directional patterns projeeted by a source within the 

near and far fields,2 the comb'inative technique balances the «sharp>I transient 

detail ol the instrument's vibrational energy with the «rich» harmonlc infor~­

tion contained in the reverberant environment. Application of this technique 

in practical recording situations shows that specifie combinative arrangements 
\ 

proy.~de a natura lly effeçti ve method of shapi ng an fnstrument 1 s timbre. 

NATURAL,EQUALIZATION 
;-

The eoncept of natural equalization which refers to accumulation of 

spectral information,solel~ by means 'of microphone placement,.underlies a11 

mul ti -mi crophone tech~iques. In other words. an instument 1 s timbre can be re­

conSIructed from selected transducers arranged around the source. Ideally, 

, 
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an assemblage of the spectra radlated by the ipstrtnlJent in the (mean and 

«far» fields will provide a complete or natural timbral balance. 3 

87 

In reality, however, non-linear distortions, inherent in the design of 
'b 

most transducers, l imit the effectiveness of any micropnone system. For ex-
~ ftflij 

ample, pressure-gradient transducers inc'r.ease bass frequeflcy output with prox-
, 

imity to the acoustical source. A more distant placement reduces the prox-

1 mit y effect but lncreases unwanted leakage. Moreover, dynamic gradient 

microphones are subject to mechanical and wind interferences. due ta the;r 

low-frequency tuned diaphragm design. 3 Of course, the acoustical character­, 
ist;cs of the recording environment also contribute to spectral imbalances, 

when mi crbphones are used. 

Since ~he frequency respo~se of ! ~pical awdio pickup is la(gelY- depen­

dent upon-mounting procedures (C,hapter 2), the pickup is considered less reli­

able than air transducers. H~wever, it is still preferred in ,situations where 
" .. optlmum isolation and timbral selectivity are desired. In addition, transient . 

... 

i~onnation, often lost in distant microphone arrangements, is effectively 

captured by the pickup, resulting in added tonal «clarity» and «brilliance>r. 

SELECTED EXAMPLES OF THE COMBINATIVE TECHNIQUE .. 

,"' 

BOWED STRINGS 
( 

l' 

1 n the i nves t ; ga t ion reported here. speci fi c contaGt and ai r trans-

ducers are combinaJ;vely arranged. Focus in this sectidn fs on the type of. 

selective equalization provided br the combinative arrangements .. In order 

f 
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• 
to distinguish the spectral contributions of each transducer, a series of 

graphs are given in which the pickup spectra is subtracted from the microphone 

spectrum. 4 

Figure 9 111ustrates a combinative arrangement which enhances the upper 

mid-frequency of the viol;n. The accompanYl'ng graph shows an increased 

level for the bass register (maxlmum boost of 4dB. at 200Hz.) a10ng with 

"' a broad peak centered around 1.75KHz. The substantial energy within the 

400Hz.-500Hz. area and ln the 1.OKHz.-2.0KHz. produces an «open» if samewhat 
tJ 

«nasa 1» (œ ) sound. 

A comblnation WhlCh produces a broader high-end emphasis is i11ustrated 

in the graph next ta Figure 10. ThlS setup features three equa1izatian 

points centered around 9~OHz., 2.0KHz., and 5KHz. (maximum boost of 12dB). 

Compared to the previous setup, there 1S less accentuatlon in the 400Hz.-

800Hz. region. A «bnghter» yet «thim) (J) quality is associated with 

the resultant timbre. 

The arrangement shown ln Figure Il is especially effective in reproduc-

1n9 a «deep». «clear» low end. Emphasis in the upper portions of the spectrum 

(maximum boost at 950Hz. and 5KHz.) 15 complemented with a prominent bass 

(maximum boost at 200Hz.) The comblnative arrangement possesses a «solid» 

(u) qua11ty. 

Due ta poor low-frequency radiation, the viola has a naturally weak 

bass regi ster (Chapter 3). - In many instances low-frequency energy i ~ di ssi-
( " r;-

pated long before reaching the diaphragm of the mlcrophone. On the other 

hand, a more effect;ve~ethod of obtalning low·end energy is by the use 

of contact pickups due to their proximity to t~e main resonant energy. 

"f 
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Figure 12 demonstrates a setup producing an effective low-end boost. The 
'­, 

graph il1ustrates a signlficant tmplitude increase in the bass (maxlmum 

boos) at 150Hz.) a10ng with high-end enhancement (peak at 3. 5KHz.). In 
t'p. 

1 

thYs arrangement the mlcrophone supplies rr@c~t of the mid-frequency energy 
l 

(400Hz.-3.0KHz.). The composite tonal mixture represents a «solid» and 

«well-defined» bass sound. 

Spectral ana1ysls of the recorded vlola tone, produced by the microphone, 

shows a rapid attenuatlon of high-frequency components. Recovery of this 

informatlOn 15 achleved in the setup lllustrated ln Figure 13. The graph 

demonstrates a conslderable mld and high-frequency boast (maximum peak at 
_f f' -l,' 

2.3KHz. w1th a slightly 5maller one at 3.4KHz.) The'~esultant sound pos-

ses ses an «open». «treb 1 y» qua li ty ( J ) . 
. 

The recorded viola sound, produced by the setup depicted in Figure 

14, emphasizes both ends of the ton~\s spectr~m (maximum boost at 180Hz., 

with a smaller peak at 3.0KHz.) A «bright» and «open» quality (~~t.-) 

is produced. \ 
Results from combinative transducer arrangements for the cella indicate 

, 
striking advantages over a single microphone pickup. Preliminary spectral 

.-r 

testing showed that a slngle microphone method often produces tonal im-

balances, especlally ln the bass. The combinative arrangement of Figure 

15 affers one solutlOn to this problem. Emphasis around the fundamental 

complimeRts another boost at 800Hz. The tone is described as «clear» and 

«Qp~n» Lê-2). 

The setup shown ln Figure 16 produces a «fulh, «ba,ssy» quality (u), 

which helps to improve the weak low register. A boost below 200Hz. (maximum 
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peak at 62Hz.) accompanies. a sma 11er one at 550Hz.. Components above 850Hz.­

are attenuatep. When the cello is orchestrated as the'lowest voice of an 

ensemble, the «deep bass» quality produced by this arrangement could be 

most effective. 

Significant lmprovements in the «clarity» of the cella timbre are ~ppar­

ent when the spectrum shows a boost above l.OKHz. Figure 17 illustrates 
. . 

an arrangement which significantly lncreases the tQnal «brillîance», The 

analysîs demonstrates a solid fundamental complimented with a broad plateau 

in the hi gh ënd. The result i n9 timbre possesses a «very bri ght>l or «sharp» 

qua 1 ity. 

Since the double bass is unable to radiate effectively the lowest notes 

(' (Chapter 3), recorded tones in this register are usually «ho11ow» or «thin». 

For example, analysis of the ~olitary condenser microphone (omm) reveals 

that components lying between 150Hz.-300Hz. have the greatest amplitude 

level. Significant dips below 100Hz. and above 1.5HKz not only lessen the ,. 

«solidity» of the bass, but a1so weaken ·the «clarity» of th~ articulation. 
~ . 

Improvement in both areas can be achieved through combinative arrangements. 

Figure 18 illustrates a setup which increases the bass and treble end, 

resulting ln a «bright» (i) sound. The accompanying graph shows a large 

amplitude peak at the fundamental, with components above 500Hz., receiving 

emphasis (maximum peak at 550Hz.). 

A «well-rounded» and «clear» sound was recorded by the placement illus­

trated in Flgure 19. The analysis demonstrates a significant boost in the 

lowest end (maximum peak at 32Hz.), and a large peak at 24Hz. 

Figure 20 represents an arrangement emphasizing the low end. Not as «open» 
" 

as the prior example, this setup produces a «dark» (u) qual ity. 
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PIANO 

.\ .A 

One of the problems in reproducing ~ «full» yet «clear» sound is that 
1 

the fundamental of the piano is naturally weak in the lowest two octaves 

(Chapter 3). A dlstantly placed microphone is unable to capture the fine 

transient detail of the proJected sound, thereby, degrading the definition 

ln the low end. On the other hand, combinatlve arrangements are general1y 

more successful in reproducing the «sharp» or «percussive» tonal quality 

that is often deslred in «poP) or «ja'zZ» music. Even in more «classicalll 

~ situations, where a solo piano is competing agalnst an orchestra, combinative 

arrangements can «clarify» the articulative features lndicated in the score. 

Figure 21 illustrates a combinative arrangement that enhances th~mid­
range portion of the spectrum (maximum boost at 1.35Hz.). A further boost 

at 3KHz provides «presence». Although the tone i s «thi nl) in the bass, thi s 

setup is successful in providlng an «open» and «clear» (~ ) quality. 

The combinatlon shown in Fjgure 22 features an enhancement of the extreme 

regions of the plano spectrum. The graph illustrates a broad emphasis 

of the lowest register extending ta 45ÔHzL (with a miximum boost at 150Hz.). 

Higher amplltud~s throughout the upper-frequency regions conttibute to the 

«brig~t» (B..-L) timbre. 

Figure 23 reveals a combinatlve arrangement which could be effective 

in situations requiring more bass emphasis. The analysis uncovers a pro­

minence of frequencles up to 500Hz. (maximum boost at 300Hz.), with a further 

emphasis around 1.75KHz. Attenuation past 2.0KHz., gives a\!.«muted» quality 

to the sound, providing more weight ln the lower register. The resulting 

timbre possesses a «solid» «dark» quality (c;.J ).' 
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In situations where a «sharp» or '«percussive» tone 1S required, a pickup 

may be utilized near the hammer~. The arrangement shown in Figure 24 makes 

use of the hlgh-frequency energy available ·in this region in order to produce 

a «bn.ghtll (1) sound. The aCjCompanying graph'-lC"esembles a high-pass filter, 

with a maximum boost at 3V-Hz. Emphasls is therefore on the 3KHz.-7KYz. 

rangé, while low-frequenc-,", lnformation is i'lttenuated. 

GUITAR 

As the placement of an aH' transducer approaches the ro~e of an "1coust ic 

guitar, a signiflcant '?,ass boost is fel t which rTlay adversely dffect the 

sound quality. Conversely, a more distant mlcrophone setup carl destroy 
l 

the feeling of ~!intimacy» and tonal «clarityll .. Combinative arrangements 

respect the fin~ balance that exists between hlgh-frequency transieJ'lt Ilclar­

'it.y» (contact pickup) and low-frequency". ambient «ful1ness» (air transducer), 
-, 

A setup that provides a «distinct». «bnght» sound il> 1; 111Strated in 
-~ .. ~~~ 

Figure 25. ConcentratlOn of energy in the l.O!<'Hz.-3.0KHz. area, wlth a 
r J". 

maximum boost at 1035KHz., gives an «edge» to the tone. The resultant 

«sharp)) soune is typical of the «rock güitar) sound, whlCh emphasizes the 

attack and i s meant to br~ak through del1')e c.horda 1 textures . 
. 

A setup emphaslling the low end 1S shawn ~n Flgu .... e 26. The «(sc 1idl) 

(u) sound is dominated by an extremely 1aud resonance at 280Hz., while hig"'er 
.~ 

resonances ère less prom,r.ent. 

Flgure 27 reveals a conflguratlOn [.)t·ovidhg emphasis ir the 10w and 

high ends. The graph il~ustra.fes a Sig"l1flcar: bass Joost at 250Hz., accc'7:­

panled wlth a hlgr.-freque'lcy emi:Înasls centerec arounc 1.35Ktlz. The resultènt 
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timbre passesses an «open», «clearll (&! ) quality. 

More upper mld-range body is produced by the arrangement shawn in Figure 

28. The graph uncovers a plateau ln the m1d-frequencles range, 850Hz.-

1075Hz. (maxlmum boost at 1.35KHz.). The emphasis around l.OKHz. contributes 

ta an «openl) (ê ) sound. 

SUMMARY 

Comblnative arrangements gescrlbed in thlS paper take advantage of 

delay patterns that eXlst between transducer types. Even slight time shifts 

between two channels wlth slmllar spectra produce a recorded timbre that 

is not only perce1ved ta have «depth» or «fullnessll but a1so «spatial promin-

ence» in the stereo lmage. The so-called precedence effect produced in 

combinatlve mlcrophone arrangements is main1y responsible for these unique 

tonal posslblllties. 

The console operator can control the amount of transient emphasls without 

sacrlflclng low-frequency amblent lnformation, by increasing the amplitude 

ratlo between contact and alr transducers. ThlS method is thus «telescopic)) 

in the sense that localized col ours or timbres can be brought into increas-

ingly «sharpll focus, merely by boostlng the relative gain structure be-

tween channels. 

The «close picturen taken by the contact further ensures against negative 

acoustlcal phase cancellatlons. Slnce each transducer type operates in 

independent acoustlcal flelds, randomllatlOn of spectral information is 

maX1m1zed. Thus, there 15 greater opportun1ty ta utlllze more channels 

of lnfonnatlon Wh1ch ln turn helps tonal characterization by natural means. l 
1 
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the low and hlgh ends of the spectrum, while a higher weighting 
is given to the middle frequencies. Only in the lowest portion 
of the.~ (i.e., covering the flrst SlX harmonies) is the 
ear particularly sensltive to individua! peaks. Thus, a formant 
model theory (used in this case, for the description of musical 
timbre) i5 compatible wlth the filtering action of the ear. 

21 Grey, cAn Exploration», p. 5. 

22 Ladefoged, A Course in Phonetlcs, p. 170. 

23 Helmholtz, On the Sensations of Tone, p. 103. 
'", 

24, Yankovskli, «Methods for the Ob] ectl ve Appraisal», p. 
305. 

25 Ibid., p. 310. 

26 Ibid., p. 311. 

27 F. Toole, «Listening Tests-Turning Opinion into Fact~, 
Journal of the Audio Engineering Society, Vol. 30 No 6 1982. 
p. 438. 

/ 



1 

c 

112, 

28 B. Bartlett, «Tonal Effects of Close Microphone Placement.~ 
J.A.E.S. Vol. 29 No. 10 1981. 726-738. 

29 M~yer, cAcoustics and the Performance of Music», p. 61. 
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l J. Meyer, Acoustics and the Performance of Music, (Frank­
furt/Main: Verlag Das Musikinstrument 1978) p. 61. 

W. Woszczyk, «Multimicrophone Pickup of Solitary Acoustical 
Instruments for Single-Channel Transmisslon», A.E.S. preprint 
presented at the 63rd Convention 1979 Los Angeles. 1491(F4). 

2 A. Lazarus, «The FRAP Point-Source Microphone», dB Mag­
azine (Plainview, N.Y.: Sagarnore Publishlng Co., Inc., 1979.) 
47-51. 

3 Woszczyk, «Multimlcrophone», p. 17. .. , 

4 Ibid., p. 18. 

5 Meyer d1scovered a persistent peak at 1.6KHz., which 
was responsible for thlS quality in the viola. 

6 Lazarus «The FRAP», p. 48. 

7 Refer to Appendix III. 

8 A. -1..azarus-, «The Use of the ERAP (Flat Response Audio 
Pickup) in Professional Recording», A.E.S. pre-print 952 (D-
4) 1974. p. 5. 

9 Meyer, Acoustics, p. 55. 

10 Lazarus, «The Use of the FRAP» , p. 5. 

Il Meyer, Acoustics, p. 69. 

12 Lazarus, «The Use of the FRAP» , p. 5. 

13 Meyer, Acoustics, p. 

14 The bass bar lS a separate piece of wood which supports 
the pegs to w,hich the bass strlngs are attached. 

j 

J 

j 
15 Lazarus, «The Use of the FRAP», p.S. 
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16. Ibid., p.S. , 
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CHAPTER 6 --
1 W. Woszczyk, «Multimicrophone», p. 13. 

B. ~artlett, «Tonal Effects», p. 737. 

2 Woszczyk, «Multimicrophone», p. 6. 

3 G. Boré, Microphones for professional and semi profession­
al applications translated by Stephen F. Temmer, p. 57. 

4 Taken after Bartlett's study of the tonal effects of close 
microphone arrangements, the se graphs show the effect of the 
contact pickup. Conclusions can then be made on the cumulative 
effect of each arrangement, on the timbre. 
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