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Abstract

Considering variety of values and communication aspects of musical instrument, a major difference between
them and other cultural and historical objects is expected. Despite the commonalities that exist in the
discussions of technology and pathology in the field of conservation and restoration of instruments with
other cultural-historical objects, Due to the connection of these works with the production of musical sound,
awareness of the acoustic properties of materials in order to create sound output should also be considered.
The mechanical changes of each part of the instrument during playing cause the production and release of
physical vibrations as the tangible aspect of the sound output, and further, the intangible aspect of the sound
output evolves by being influenced by the aesthetic conditions of the music in the mind of the musician and
the audience. The purpose of this research is the role of laboratory methods in studying the structure and
acoustic behavior of the components of historical stringed instruments, in order to better understand the
sound output of these works. Now, it should be noted that to what extent these results can be considered
generalizable in order to know the concrete aspect of sound output? For this purpose, taking into account
the concepts related to sound output in musical instruments, experimental and laboratory methods are
introduced and investigated. Sources in the field of technology and laboratory studies of musical instruments
have been collected and then analyzed and interpreted in a qualitative manner. It should be considered that
knowledge of the structure of materials used in instruments and studying the acoustical behavior of each of
them in the direction of sound output, while recognizing and understanding the conditions and variables in
the field of conservation and restoration, will strengthen the data in the field of archacometrical
investigations.
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Introduction

Historical musical instruments are among the most complex categories of cultural heritage objects, as they
embody both tangible and intangible dimensions of value. While their material composition, craftsmanship,
and historical context represent their physical heritage, their sound output—the functional and emotional
voice of the object—constitutes an essential part of their intangible identity. In this regard, instruments
cannot be treated solely as static artefacts; they are dynamic tools of cultural expression that mediate between
past and present through their unique acoustic signatures.

Traditional restoration methods often prioritize visual and structural conservation while underestimating the
role of sound. However, recent interdisciplinary research has shown that the acoustic behavior of an
instrument is deeply intertwined with its structural properties. Changes to wood density, varnish layers, or
internal geometry can significantly alter the tonal character and performance quality. Thus, the need to
address sonic authenticity has emerged as a central concern in conservation science, particularly in the
restoration of stringed instruments like violins, setars, and ouds.

This study seeks to bridge the gap between material conservation and acoustic preservation by investigating
how scientific methodologies can inform decisions about conservation treatments and material replacements.
Specifically, it focuses on stringed instruments with historical significance in Iranian musical traditions,
exploring how their sound output can be preserved and interpreted through scientific analysis.

Materials and Methods

The research methodology combines qualitative and quantitative analyses, integrating:

Scientific imaging and diagnostic techniques (radiography, X-ray imaging, and digital microscopy), Acoustic
modeling and vibrational analysis (using laser vibrometry, spectral analysis, and modal testing), Material
science procedures (evaluation of wood species, varnish, and glue composition through visual and
microstructural analysis).

The study was conducted in several phases:

Selection of historical instrument specimens from museum collections and private archives, primarily
focusing on traditional Iranian stringed instruments. Structural documentation and visual analysis, using high-
resolution photography and digital microscopy to record surface wear, construction details, and micro-
damage. X-ray radiography and CT imaging to examine internal structures, bracing patterns, and joinery
methods without dismantling the instruments. Laser vibrometry and modal testing to analyze vibration
patterns and resonance modes under simulated playing conditions. Acoustic signal capture and spectral
analysis to measure frequency response, decay time, and harmonic structure. The results were cross-
compared with modern replicas to assess the effects of age, material degradation, and prior restoration
interventions on the instruments’ acoustic behavior.

Results

The analysis produced several noteworthy findings:

Microscopy revealed layered construction techniques and the use of composite materials in historical
instruments, especially in the top plates. Certain wear patterns were associated with specific playing
techniques. X-ray radiography exposed previously undocumented internal reinforcements and structural
modifications in older instruments, many of which affected soundboard tension and bridge placement. Modal
analysis showed a strong correlation between wood type (e.g., mulberry, spruce) and vibrational efficiency.
Instruments with aged but intact soundboards preserved complex resonance patterns across multiple
frequencies. Spectral measurements revealed that prior restorations with inappropriate adhesives or wood
fillers had a detrimental impact on acoustic performance, particularly in the high-mid frequency ranges (1-3
kHz), which are crucial for musical clarity. Comparative vibrometry between historical specimens and
modern replicas showed distinct differences in modal damping and transient response, pointing to the
irreplaceable role of aged material properties in defining the sonic signature of a historical instrument.
Opverall, these results demonstrate that material interventions—no matter how visually discreet—can have
profound effects on sound quality, and therefore must be approached with both technical precision and
cultural sensitivity.

Discussion

The findings support a conceptual framework in which historical musical instruments are understood as
sound-producing heritage entities, not merely as collectible objects. This perspective shifts the conservation
paradigm from material-centered to function-centered, acknowledging the instrument’s role in musical
performance as part of its core identity.

Key implications include:

The need for non-invasive testing before any intervention to assess the potential impact on acoustic
properties.

Importance of material compatibility in selecting replacement woods, glues, and finishes, with consideration
for their acoustic impedance and resonance behavior. Recognition of sonic value as a heritage dimension,
which must be preserved alongside visual and structural authenticity. These insights align with international

Journal of Research on Archacometry, 2024; 10 (2) | 188


https://jra-tabriziau.ir/article-1-398-en.html
http://dx.doi.org/10.61882/jra.10.2.398

[ DOI: 10.61882/jra.10.2.398 |

Downloaded from jra-tabriziau.ir at 7:53 +0330 on Friday February 20th 2026

charters and recommendations (e.g., the Cremona Charter 1967, ICOMOS 2003, and UNESCO’s 2004
Convention on Intangible Cultural Heritage) that advocate for the holistic preservation of objects with
intangible dimensions. In practice, this means that conservation strategies must go beyond stabilizing physical
components and actively seek to retain or recover the acoustic integrity of the instrument.

Moreover, this research underscores the importance of interdisciplinary collaboration among conservators,
acousticians, musicians, and heritage scientists. While conservators may focus on stability and durability,
musicians prioritize playability and tonal quality. This divergence can only be reconciled through shared
frameworks and communicative decision-making protocols.

Conclusion

This study demonstrates the scientific and cultural necessity of integrating acoustic analysis into the
conservation and restoration of historical musical instruments. By employing non-destructive diagnostics and
sound modeling, conservation professionals can better understand the implications of their interventions and
make informed choices that uphold both the material and sonic authenticity of these objects.

The research confirms that: Sonic authenticity is inseparable from the instrument's heritage value. Matetial
composition, age, and prior restorations significantly affect acoustic behavior. Standard conservation
protocols must be expanded to include acoustic considerations. Interdisciplinary frameworks and training
are essential for informed and sustainable conservation of musical instruments.

Future work should focus on developing national and international standards for acoustic preservation,
especially in regions like Iran, where traditional musical instruments play a vital role in cultural identity. In
particular, the creation of digital acoustic archives, training programs for instrument conservators, and public
awareness campaigns are necessary steps toward safeguarding this unique dimension of intangible heritage.

Journal of Research on Archacometry, 2024; 10 (2) | 189


https://jra-tabriziau.ir/article-1-398-en.html
http://dx.doi.org/10.61882/jra.10.2.398

[ DOI: 10.61882/jra.10.2.398 |

Downloaded from jra-tabriziau.ir at 7:53 +0330 on Friday February 20th 2026

VAY=Y -0 oF) Vo VF-Y (oo bl dmgly

Lisvyok 4 DOI: http://dx.doi.org/10.61186/jra.10.2.398

iz

Spo Mgy w3 (PR s g, 5,
U (2 srjlw

® ¥ gar! logh ‘.B T ool sowo “D*“um.;% el
Ol el ey oSl ¢ a8 g ()l (Sludl o yo 095 (5> (goPmatils
Ol (5 i ol cn yo g sl 0u8Lils bl ¥
ol e et o5y sy (gl i 23Sl ejluils ¥

W YIVA Gopdy o) VYWY il gl

oS

T 5l b glodos (slacglis esize Jblo)l ogrg o o)l 5l 6))ss 0 4 g b o g slajlo
9 cblas 809> 5O u_wL_.wu.\_wi 9 u_.wL_.wuB cole Il "y u.:lfl)a_ﬁl d9>9 L .JJ)IJ u.>0)b 9 u_idb)s
oz (Fgo 239 0] e 53 s ezl 3 &) IS & dlge 51 G ja Sgo sl Sy 5l 25T
<! 4{95 «sdb “«w®) sl 4.5"-)‘93[5) ;L o aab ) &9 Sl (g0 S S b Lol (§)9)=o
(°)f.'é’ 9 Camwgy 4u|9>b_~u‘ 4)13 4u9>) le)l_w )l t.(.: 2 caslw » du.‘?) )L{du alisco .)‘}a )l odlawl ;(9
3l gloj 3 e Jl i (Sl i il oo arlse s Gl L ojs> ) liie
gedali dzg 5 aabdl )3 g 00 (Gguo By egele dag e (38 CLalS)l Ll 5 g5 el
ol b JolSS bl g 03jlgs 03 5 (ege (uilidi ol bl 5l 85,80 L g 2l
i > dSiie lial (Satwgs] L8, o )lils gadllas ) (2RI sla by, 45U 5 L8 & ()b
Ot el 48,5 ool BT ol (g aligr pugele dg Jige COUS Car 3 (Pl 25 sl
Fbe g (Gomo Mg n b basye mealie (58,5 o 3 b (2l iilojl sl by) (yp 9 (Bpme & yslate
51 e el ‘.fl"‘" sodle Ol}i.cdq e "5?.94%) sl (sl jd 4, e J‘y: Sl yge J9>
Cugdl youd ‘utz’li..&ila}] sy opl il 6388 b cdoes ) .l odds didld g ((Su )b o5 sl
9 cblas o)D) A Slowomas M cog0 ‘Lib)l_w uLo.ol_w 2 Dlﬁa WL_J;us 4 ]o%).a dlﬁobb
9 03— g — .)l.ﬁg)g > pd LQ)T )l ;;u 2 L» u_wl...m dl.tbu:ls) 9 .)‘94: )l oali ! L ey oML
D¢ dalgs BT ol st bl Sladlas (goje> )3 odls Cogis cuel Cpiotan

S5 B3l

hamedyoun@yahoo.com sl Jstuwe”

| ©2024 by the AuthoursThis article is an open access atticle distributed under the terms and conditions of the Creative Commons Attribution
@ G) @ | NonCommercial 4.0 Intemational (CC BY-NC 4.0 license)
https:/ /creativecommons.org/ licenses/by-nc/4.0



https://jra-tabriziau.ir/article-1-398-en.html
http://dx.doi.org/10.61882/jra.10.2.398

[ DOI: 10.61882/jra.10.2.398 |

Downloaded from jra-tabriziau.ir at 7:53 +0330 on Friday February 20th 2026

Aodds )

Ferrari Barassi & Laini, 1987, p. ) S adls Jke (S8 &lye leicd (60Me VAV Jo j| Auwge (slajle
bye Sl b oz cpl Lo a8 | sl oz s 9 2,8 & paxio st (sloyitio 32 b Bl (] Cunyo g colis (56
22 38y Selite slacnd 05 5l > tta dlgo 39 11 b g (0B (sla S b plSym a8 Cilisee S b (slaeygd 4
ol g el gy 2y Lol Sty S 5 (i BT plo b (oge (gl (bl lod ot 2250 5,5 0
g Simgd 1yl b aiie) 3 5 0,Slae & diady polie (K3 1S bl o) 3 g dliig & g 5 45T Ce
S5 o )5 olitl 390 o8 48 o5 Sl iy g (glinles ) cblis Abl_o sy el (gl (L0 b
pobie JolS5 i 015 o 030l g 458 s o o] 13 s 45 el (Sloggd dmge st 5 Silyp Lt aiS (ly oge p
olis & Sy hge sl ) (&g ol 035y d200 clasl 5,53 g i clasls ol pilis oo
Tl b aslge 1 (dlopg Jo oy olgicas |, (Restorative Conservation)  dslis <o yo ¢ yguily ool diannly lgl (,tbo
Watson j., 2006, p. ) cal adgl dlgo Lais youds 13 ¢ ol (godijlo Bun (glizody p )3 Lot 4y Sy do g Jliday 5 diaadld
ol e (gl jaazs | glais) G g fSat pilie Sal)d Sl Sy (43

4 dog At (oge Mg 3 Clgisdr o S9 dag ) il § sl wlods Jold o ge o gy 49 b Ay
iy S dom )3 5 ige g Lol 3 g S 5 (s st b 13) 5o sl oS e il L
el 6 )Siss ol ot B S slass 3 43, 54 Slge 3, 5 kil als il g dals o
g dieo g 1P b Gled sl (Pl s0)90 2 ine g (Fo ) sl Sl oS md e ]y Cuo ol o Kdngy 4 il
il 4y S il g lge 5 Sles (gog50 ¢ B lw | aBT g (oolo Lol dng & angs (Gétreau, 2001, p. 97)
4 (olid S 3 )l ool (obdicul g (il ()la5 Sle Cugl s il oo (3re 1) odes B dw (o)l
Jorere (gadiges byl 9 (i cllol (sdie; 1 Slllas GBlual > puiu g0 o yo g cbilis CMILe 13 dingy (sl )l
sl polul 2 bojl (pl 1m0 b 9 Moijl fpgw 9 (Priwglinl (sojo )3 005 (Ul @y (sladiged ulul
o g ool I (Bl e gl b g oolib S ol plol g (o)l gy (sladiged jf odel Cunde,
Slngstgy 0,5 iz 4y puges g0 4oy (o Gugalo (lbaiz 4y ¢ inage (slojlo 3 o g b Ladyo meplie )
sl orimd S5 i (SituogST )8 gy 36 5 (P sloslo soijlos (el g dlge ol g o 2L
Dlowdg w3 Codgine 9 (Pl (2] Slojle (ol (5355 4 dogi b oS Cul (o Cusload o)Ll S 5
ol ol 56 & ol SWle saigas SDLojge Jl (B 3 g litilof] | o yo elo Sy ol 5 oz (e o
Dy g aby (Foo Mgy Caz (Pl (2 jle (s 3 odliatul 550 dlge 3l yipe LS

il wilo o ;5 (69Me it 8 ble) ) gise |y (oS Lasmsgo (gljlus J oo (godlizl g adllas 4 48D

Eiolgd Mgl pBitiy BT s pizio VAV + Lo & (Francis Galpin) S sl (i " onndSl jovt8 fuwgo
Ogwdligy b (Hayman Cummings William) jKuelS” yeud pldsg Lo Jlylbasgezme jos g (Arnold dolmetsch)
I o (Campbell, 1975) 3905 sdalie (Thomas William Taphouse) (ool pldsg wlogi 5 (John Donaldson)
5 65 Sbo g g adle Cap 3 (ghyiuS (daculld VRS Loy ICOM & gy 'CIMCIM o yapls
slolSal, il 4y g5 go aloon ] 145 4085 g0 S g (Simh (sl Cunge g il loe (cla )50l pyiznen
PPl () slajle 3 4y 54 oy sl )3 (153 Cg (Wl &) Sleis)S s Jlod (el
» (Cary Karp) )5 55 5 codl ile bawssi ol ingy bl o)l «StogsT 5 il cMSte pale (g0 2
Loy >  dwwge sjls wgelal (cladis 55 g Ml )3 (T digp > clal ol gy g) (dlo slacllol 4 avg
oS GBS lgo &' Fu)l drwge glajls jl bl US> 5L @y (Karp, 1985) c8 5 &g Cunge g clolis
Cusl 0303 L)) Cuopo g Cllix (gl o)l PSS 2 el G 9 By ) 39504 (Slioge il CELo
oS0 Sy sy " Lnose (glbjlo (gysld 5 cllin” 1 st cow S 68 IS VY b .(Barclay R, 1997)
sl 3l Clle> (clbogeds oy & & (4)50> e ) piite " il (8 sladgein) g i (gl (SIS

VAV| VFeY (pgn o)los o 093 ¢ Sxiw yliwl dmg


https://jra-tabriziau.ir/article-1-398-en.html
http://dx.doi.org/10.61882/jra.10.2.398

[ DOI: 10.61882/jra.10.2.398 |

Downloaded from jra-tabriziau.ir at 7:53 +0330 on Friday February 20th 2026

ol 631y 55 b1 ol (i o (63)l90 1 &S il o)l mwlS b OUS 4 g o sl aBlry  So )b wge
$9) 2 (B gy Jlinlefl 9o g os pgo & ol (5 Siing}y (piss g @ jlgid (Koster j., 2016)
2 gl 00y plol  (So )b gbaile 3 0ad Sl (dlacy 55 g sk d sl ksl g dlge (gonmd ST polis wlge
sl (gouiand iS5 gt dlgo dy drgi b Canpo g Clle> (gl ol Jodlygians” (pmoge sl | clilis (slaial)" i AS

{(Pollens, 2015) cuul 03,8 dlpiciesy

Lo gorimd LSz lge bl bl g 5 alid clislel oguas )3 (o)) leMblc Jusyy  damoge (slajlo
Cul 0 S o> slajle Wik 5 ibp oS g ik Uy Jes o )Kaly 5 (s)bojee Jaol oy wbiles
(Vandervellen, 2017)

Bl sl g 5o ot L 85 " ol ) 58 o e sin) e e 2 pwge (s’ Yl a2 gass
Vo () 5yl 38 po5 (g slorjlo (Bli> oy g oo oo g 41325 ( SJIPE)] sadlllae o ud (WU ol
s |y ojge Sleguas gaalla 1 gl ale (slwd,Sy) b olyon (2lesl b (g)lel slaodls o laios (sl
)9 bu>grg @b 25 sl gl adgl dlge glosal,” LS > (Klaus Martius « Eszter Fontana,2018) aa e
by 09 go o sl sl o lodl 1 S 5 sl S 5 ool g sl e 5 e (2 sl a4 s
2 Sl slogys Jlasl 1])8 5 26 po clacSigo )l il sy g (i x5l G2l sl 3 S8 Jelge sl 003
g5 dabl ) sl 4B I3 )2 3590 e Ll )5 (M) (S0l g (2 (bl Clxio ol 9 (SWily e
g Lo Ll 4 Bl 5 il 3 3 (g4 5 5y RS Ligelg Slellao rimen g Lo 2 (Sagu b g o )
(Sldoxio Maily g Jia Igss OIS gyl (Bucur, 2016) Cusl odds aidlyyy Cuoye 5 cbilis g kojse o bajle il
Sl Pl 4y (o2l g (25 sl (S3PFE) 0 2 p0 o e e Juate Slilojl § ol o calalgay

Fyo gy g (o) gljlw 4 aagi Y

, b 25 sl V-

U3t ol )3 g diid 395 ldbbre g b ore s el lhies g ol s (galasly S 5 38 1506 olnadlge il
S (huwge b (Hutching, 1978, p.4) sga) ciogs |y oxignds — sl = il = oaijlo’” souzmy (i) 0095 s o0
Wb o sty S0 giosls Sl @) ol s @ oliaad | LB 4 30 )5 Clegiaan 1 (550955 3 g el (93,8kes
Cpyede 89y vl 5 (Barclay, 2005, p.15) xS e JolS 1y o] iy a5 ol e i 5, S0as &ly > amd plel Iy (o)
cblis s )3 39250 (55 93, Skas ggiie (slaaadls » oS (I Jgiee |y crope g cblis 3 pulud Gl il
ol Gg 5 S S I glasgeoms do  adlizee g g3yl (35 Jlste g plysd (S ol (63,8 5L ]
o3 b CudS 3 oloj )35 Sl g (ol (g bl A (loj ) o) i 3 Sl T STglgia)S Mgy 4 deg g B
S o) e oraly Ja 1 ¢ oo (slaile Cuoye g Chiles Glosawai M6l yawily (unl Cuel (hl Sl sn g
the ) (gobuwl — SleMbl 55l (the associative-symbolic value)  poles — £l o3l : Lol (Intrinsic Values)
—okaidl ;) g (the aesthetic-emotional value) _able — 23l olsj ;) (informational-documentary value
(Watson J., 2006, p. 23) .l &uasls oIl 1 6T oyl ;3 (the economic-utilitatian value) (¢ixedgw

b g sl 55 conimd IS dlgo i i3 31 i ge | il diged oyt it saipai B il claae 5l il

Gl S5 i 4 bigspo (b fime olod 1 rmoge (sl «SitgST oge 5 905 (giz 4t Sl Cund
iy slaplls jI S (Hornbostel-Sachs) Sy Jiwss ()90 (Bader & Hansen, 2008, pp. 419-446) S o0
o 5 (55 &b (Victor-Chatles Mahillon 1841-1924) ygule 1550 g bawg Lol o Canl duwge (sl glgl (4ly
A5 S5 (Erich Moritz von Hornbostel 1877 -1935) g cpysn ¢ (Curt Sachs 1881 —1959) 815 &S Lawsgs
0955 oz & (wlisd Si90) (SitosST Slho sizpom g (@3bo g 2185 99 bl nge (slojls 1l et il
o S b ogen ¢ (iophondlissss slaj b laogisd) 5 SSke 5 355 e sty
25 il . (Aerophone) eob (slajlw b b 53951 5 (Chordophone) g cslajlo b b yg393,65 ((Membraphone)

VAY | VFeY (pgn o)los coid 093 ¢ oxiw yliwl dng


https://jra-tabriziau.ir/article-1-398-en.html
http://dx.doi.org/10.61882/jra.10.2.398

[ DOI: 10.61882/jra.10.2.398 |

Downloaded from jra-tabriziau.ir at 7:53 +0330 on Friday February 20th 2026

2 e b 0) 3939 09,5 oyl (sduasuiio dg b (Su )l dwwee lajlw j| ege Lisu (String instrument) kluso; b
Ayl 0 03uiS (540 ) b Ly 395 o0 Fgwo Mgy el o | cuand oyl (Sille i) a8l ) oo
939800 03> (3 cilisee slacdle )3 (G5l cpl S oo s LG (554l 4]y o8 (S (5l i
Mgy gicds (g0l)S i pqods 03,8 Wi | (6553 o (5N 0gMedy Do oo e o (gdao g b b @
095 (pl & ilostiy lojl S (uwge (2l 5 (Fu)b Clate (05inS 3 S o Jiiie Sl laee 4 (Jgo
2 oleS epgiian i b (Sl 9 )8 (lhwge Sims 13 gl 9 Siz S by ol Juo lgieas & )l 3l

oS o5 Jbre (pl ) S0 (Byme s (jB & K90 e (2] il i (il (o (g

alies dlgo 3l il pl 13 paw Wgi (gl g 0390 (Sl ) (glajl gy Cilu p okl 3)g0 03l i Lol g
S S5 b elaylid o oyl ) el 0a o o3ltl (o315 el b g bl 039, g aui pl dilo T slgo dles ]
il i 5 o 315 Jo e 5 Jos ol 5 IS5 s (el S oo 2358 Joel b
lise (gla yizy ) gaiie dge a8 il a5 3 Wb jlo S iy 2 Ded oo loj Jobo 3 ke cpl el > STy
cou BB jlate 93§l (o)l (25 slajle calo 13 o (p 4 e (ol S o Jos (S Cadgrge S (i 4
byl s bads 5 s i plSoianl 5 plonad] s jlid b gl 13 e o oSl ) o 308 oo ()l o a5 §1 G Ll
(sodl8 B lalas i g JUil > o ol jlo gy oo yiSe (B 03 g il o 4273590 (loj Jobo 3 Jlo]
Oigo O Cugll g (alidee (glo pwilS 3 Sigeyld (gdiol Cumdi g Cogti (galawlgay) o 5 diypun lawgi oud J)g3
ol ey il (Sound Board) (dio wzdo 0 09 4 g 4y 10 gz D)8 Caodl 4 dogi bl 0315 o] (gl
ol 485 sl o3l (pl slb Cuogad g9y p (2Rilojl Slllas o jomro b yig s

hewge Bl 53 (Fgeo dligy ¥

S wgalo 5 (950 derg Lawsgi & 039y rwuge Cye 3] i ol g Closi Jold ¢ inage i g dg b oLy
il g g ol ogdin Jas! Sl g9 1 0355 bags o (SlSlo b 6 1 90 g i ol lon
Ll 51 (850 b (g dgp (ugelal dg 35 adl 3 g 0ad (Sgo gy ugels dry lytea (36 il
Jles! (S5 35 9 osimns S dlge Jlilo 5 plabls 13y o JolSS Cblbire g 03iflgs (3 )3 (rwge swlid ol
bl 1 aiolojl el gy 5l odliunl b g asly (i  Sgu dkigy dy (a3 S5y il 3l loj 3 (Suile (slig
S 3503 318y o g s wsalo derg (igely dollao 4y (550 s s )3 sl (i (SitossT 1) 5 5L
sodl> bl 2 g b (Sl (g0 13 (e (wlid plo; Sllas Bl Sl (G Slaigy (ugelel drg il g S
g0 3 (G b (GunS) 3,84 padio Chuogad 9 ba Shy il segeme 398 o0 Jobs (Sl (g (oulisd S
Sl b pasetie (o b €5 Sy Dliwge 51 o (il ald 3 A5 o plote gl plus 1] 482, 3929 Slisge
Ubdyos Sigy wo b cdlisee JISl & o Sl g5 5 oS 5 il Sl ol b culite 5 lai 5y90 b g eS¢ ol
b oo g gy Canl Al o 4 a8 yl3lo 1 Lo pa o | s cdiodun g odd iy s Sy b o
(b e (u,815b » (Benveniste, 1969, p.131) g o yoline pi JS ;3 5 03¢ lino 386  olos 4 yie Clgeo]
093 (oo sl Ly  Clgol g5 il 2 355 (g0)93 )3 (oo Sl o CElo & Cuil g 5 pedse cul 4 L
)8 g cov il gdll)) oo > oyl (galiog 4 WD ¢ Syl (wge S Sy (ol 29y 9 sl 00D (gl
. (Lawson & Stowell, 2004,p.15),5

B0 Gl (8L oy 0 b i o S lo3f . F
A8 03l 390 y2me dus )3 ()b (sboil > &8, 5 (il g olge 3 Sas (o520 g Bl llllas | ol gl
s )l calo > aas o gy 0 Jlods & (Sip (o) sbedl | g s 93> (Sgo (slojlo il 9,5 0
ool (bl g (ilid) loj Jgo 33 sl g ol il g lga 3 (a1 5 o 4085 000 Cilisee (oole
Syo Mgy b 3l (shtaoy s oo 5 Cblis e yiay SIS 5 (o) e (S B cgo Sy N
b ey Suyb cllo (gosams JSis (lin]  SiiwgST (kb 35 9 dlgo yiap olwlis cas d Clivlejl pbosho b sales
—g b Sl Joreme il ()l 5 (e Lol gae) 3 (Sllas Blaal oyt el Sgo gy (slaysie 2 45T
() (ghg0i b lgtren e digy dy (ol Caa dlge > (58 cllol 4y iS55 4l polee (slajhe Bk

VAV | VFeY (pgn o)los o 093 ¢ Siw yliwl dmg


https://jra-tabriziau.ir/article-1-398-en.html
http://dx.doi.org/10.61882/jra.10.2.398

[ DOI: 10.61882/jra.10.2.398 |

Downloaded from jra-tabriziau.ir at 7:53 +0330 on Friday February 20th 2026

31 odel sy clmodls 11 5l (sondb 5055k Lawgs pdlas gloil 5l osliial Sl cogs ;I BT 4 (odb; ol
b (Ghwge (2l b g (oS Slllas ploxl Caa )3 bajle daome Cl 4y (JhLE S8 ¢ Sl @ pe sladiges
b by sl (i 3 bl ) g Sl L gt 93, (sl g oy Bm b litylod] plosl les o
(o JB 3k (0059 5y Soo ralSltze (Tl g lge s Ol g o islojl cl (oo dloe 10,8 oo px
S g (SwssT ) COls car g bl (S e5 9 Sl (sandl )5 0) csim a3k 619 gy S
6338 (i35 ¢ S o o 315 il (xS ol (el )5 sl gy gl g SitogsT o]
gty b bs) cnl sodes (N JS) it (S5 (slajls > (b cslote) Jge U 5 (4 (5,30 (s togpmg) b
3L & el b Ao &8 g oloj] plosl (s 13 g oiasy JBlios & Sl Sl b ol o8 (g gty it o o

A Algzs 3l sl (S50

(29 S0 (o032 (SR 9, - F

3 oty S Lsgt 005 Jloe) oy 5 i A L b L5 5 (S el > 45, Se g (slaisS
3oy oS iy 55 >l i3 e fo 355 |y gt L SelSa g oS b (sl Jad e oy g ad 55 s
P o g8 ol gyl 9 I jle)ly (slagys Jeod g sl a4 (3 IS Ay | LS ye e 3 48, B4 cboge
S9o Mgy (ugele drg (o & ) (g0 Sealted 4005 9 LSSy S5 5 Fgo il 4 (Sl slagys b
ol JI8 136 o iigy gele (dlizl Sl S o chnii g o > sz 2Bl g oST5 i e oo Gl
oS4 p ogp Sl lyd | 2By (B el ps 4 prie (S5dgig)Sops S g 4 g il cSL
SansSomg Sla o) (Vandervellen, 2017, p. 102) sibo e ol 55 |y ol 0 Pl ool (slotigns b b 5 ciliseo
oS Sl 3 35 &S5yl yr AT il 95 o0 guime (rmogo Slajle 3 2l (Bg) e oz o) Le sla Sy
o gy S (gt § ogixe s (p5Sang Slo it U

Jo I B3k 59 osiensSen
(Portable reflected-light microscopes) oy S b,
Gix a2l 509 oS See S e
(3D-Reflected-Light Microscopy) 9350 sld b cals
oSl axl 8l S5, alSize gl

(X-Ray radiography)

T 8y S5

(Computed tomography (CT))

Sogual gl 5 SitagST Sl lal

(Acoustic and ultrasonic tests)

2l sl LS9,
L o

lils)l 5,5 o5l (sl )58 sl by,
(Optical Methods for Vibration Measurements)

5P s S5

(Holographic Interferometry)

9,0 () jlw g U, g ldle ow,p p
Mg S L

SlSe g (Snossl Jl, calis

‘

A 655 (o9 ymg) (o ol

((LDVi) Laser Doppler Vibrometry)

(Jl3ge 30 olo,) slode (s adllas

(Mechanical methods - Modal analysis)

Sl (25 il g N8y 9 Lo oy 3 (AR gy ol (Byne bge Y JSW

Figure 1. Overview diagram of laboratory methods used to investigate the structure and behavior of wood
in historic string instruments.
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Figure 2. Section of a 6-inch soundboard from a historic harpsichord. Quercus sp. — distinct growth ring
boundaries, ring-porous wood, vessels in a dendritic pattern, ray height exceeding 1 mm. Section of the
harpsichord soundboard. (Vandervellen, 2017, p. 103)
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Figure 3. Examination of a historic guitar using a digital microscope image analysis system (Cell"F®,
Olympus and KEYENCE® VHX-5000). (Haag et al., 2017, p. 1006)
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Figure 4. X-ray radiograph of a section of a citole; the image clearly reveals the varying densities of different
parts of the instrument. (Kevin et al., 2008, p. 17)
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Figure 5. Cross-section of the Hummel violin showing the f-holes and corner blocks. The upper right inset
displays a magnified interior view. Voxels have an edge length of 44 um. The scan was performed at 150 kV,

with an exposure time of 500 ms per layer, across 2000 layers over 360 degrees, using a geometric
magnification of 2.9. (Fuchs et al., 2019, p. 7)
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Figure 6. Frequency mode pattern generated on the soundboard of a violin made around 1870 in Germany.
Black sand was used on the violin plates. These experiments were conducted by E. Bossy and R. Carpentier
at the University of South Wales, Australia. (Molin, N. E. et al., 1988).
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Figure 7. Medium coherence holographic interferometry showing vibration of the guitar soundboard at
frequencies above 1100 Hz (a). This method was used to demonstrate the effect of bracing design on the
guitar’s back plate (b) for evaluating guitar sound quality. (Richardson, 2010, p. 127)
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Figure 8. Combination of vibration modes of violin plates obtained through laser vibrometry scanning and
modal analysis. Photo from the book by Viochita Bucur, cited by the School of Engineering and Information
Technology Photography, University of New South Wales, Canberra, Australia. (Bucur, 2016, p. 141)
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Figure 9. Front and back deformation of the violin after tuning compared to the unstringed state
(Fioravanti et al, 2012, p. 149)
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Figure 10. Electronic hammer and 0.5 g accelerometer used to measure the frequency response function of

the violin. Photo from the book by Viochita Bucur, cited from the violin makers’ website (Martin Schleske).
(Bucut, 2016, p. 331)
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Figure 11. Modal analysis of natural vibrations at specific frequencies in the body of a Guarneri violin. A.
Strong vibration at 509 Hz, the mode generated by the B1 note. B. Helmholtz fundamental vibration at 268

Hz, the mode generated by the A0 note. Photo from the book by Viochita Bucur, cited from the violin
makers’ website (Andrew Finnigam and Pia Klaembt). (Bucur, 2016, p. 330)
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Table 1. Overview of the application of tests to identify materials and investigate the acoustic behavior of

components in historical stringed instruments
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' Comité International des Musées et Collections d'Instruments de Musique

D5d o &S (S39)S ol egdse dalllae ) (Sub S e 4
3 TAWA Committee, IAWA list of microscopic features for hardwood identification. IAWA Bulletin n.s.,
vol. 10 (3), 1989. & IAWA Committee. IAWA List of Microscopic Features for softwood identification.

TAWA Journal, vol. 25 (1), 2004.

4 Richter, H.G., M. Oclker & G. Krimer (2002): macroHOLZdata — Computer-gestiitzte makroskopische

Holzartenbestimmung sowie Informationen zu Eigenschaften und Verwendung von Nutzhélzern. CD-
ROM, Holzfachschule Bad Wildungen, Selbstverlag.

3> Richter, H.G., Gembruch, K. & G. Koch 2005: CITESwoodID — Innovative medium for education,
information and identification of CITES protected trade timbers. CD-ROM. Federal Agency for Nature
Conservation (BfN) and Federal Research Centre for Forestry and Forest Products (BFH), self-published
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