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Abstract The sound field around the body of an old violin made by Stradivari are

studied in this paper, where the highly precise geometry of the violin is scanned using a

micro-CT scanner. Assuming the orthotropic properties of woods (spruce and maple), the

major vibration modes of the violin, such as A0, and the acoustic pressure around the

violin body are calculated using the finite element method. The objective of this study is

to clarify the relationships between the mode vibrations and the acoustic radiations.
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Fig.1 Cross section by micro CT scanner and
visualization of inside of violin by CAD software.
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Fig.2 Setting of orthotropic in violin plate
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Table 1 Values for Orthotropic properties for
setting in numerical simulation[5]

Property Maple Spruce
Young’s module Er/ EL 0.132 0.078
Er/ EL 0.065 0.043
Rigidity modulus Gir/ EL 0.111 0.064
Grr/ EL 0.021* 0.003
Grr/ EL 0.063 0.061
Poisson’s ratio uLr 0.424 0.372
HRT 0.774 0.435
pLT 0.476 0.467

* Grr is assumed by the average of other hard woods

3. VIalb—va R
31— FiRE L FIIES

A O [1]1TiE, 2D IR T 2 AR KD
HOIREN I L OVEL B G ITK > TRHREEZAT o 7203,
SENIR y 7 ORI EORBEEZBFE L TEND
EE DB R R E L TWD,

U7 A A Y OIREEHTIZIS VN TIE 1000Hz LA
TORKE—RIZEHR LTI fTOATWD
[2-4], A0 “E— K breath mode <° air cavity mode
& B IFORR RN B NITHREN T 2 BALH & H
L QBRSO K 5 Zpik#e— T, FEICBET
HEEbhs, £72. 21X CBR (Center Bout
Rotation)E— K& W5 R LIE— RO, BRIKOIE
HICE T 5 Bl EROKREICHEST S
B1+(Corpus mode) 23 & 5 [3],

Fig.3 ITAY I 2 L —3 3 12 X BB
DR Z R, A0 E— NI D 294Hz (247
LETTHD, MRMETRO E RROET, v
FHIZIN CTREZNTTREEZFHE LT
BD, RS AN—AD £ FHO FAHEONE
JET, FERMPFRR EZE 30cm OFETH D, K
REND LD e — 7 3o RO EER[2]12 8
WTHIESNTEY . 20X 5 ICEEFH R TH
WHBUSEDFERONZE & L THREEN TE D,



~~~~~~~~~ left lower bouts(bass bar) sound pressure (above top plate)

10000 -7
CBR
-6
o~

< 1000 L5 &
X .
E g
c -4 3
«
S 100 @
& 35
i 2
[ L2 3
g 10 ]

1

1 ~0

0 100 200 300 400 500 600 700 800 900 1000
f Hz

Fig.3 Frequency response of body by FEM (Stradivari
1708). Dotted line depicts the acceleration at lower
bouts under f-hole on top plate. Solid line depicts the
sound pressure about 50 cm above top plate in air(Fig.7
A).
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Fig.4 Displacement in mode A0Q. Red area depicts
1.0x103 mm and blue area depicts 0 mm.
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Fig.5 Sound pressure fields in AO mode around body of
violin in x-y plane (a) 15mm above from top of arch of
top-plate and (b) 15mm below from back-plate. Redd
depicts 1.0 Pa and blue depicts -1.0 Pa.
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Fig.6 Sound pressure fields in A0 mode around body of
violin in y-z plane at bridge and sound post.
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Fig.7 Meshes of numerical simulation and point forced
vibration. Each point A-D is the position where sound

pressure is calculated in Fig.11.
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Fig.8 Displacement of violin by forced vibration on

bridge where G string puts (196Hz). Bass bar side
vibrates largely. Scroll and finger board also vibrates.
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Fig.9 Sound pressure field in y-z plane in forced
vibration by sine wave of 196Hz at the G string position

on bridge.
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Fig. 10 Sound pressure fields around body of violin in

x-y plane 15mm above from top of arch of top-plate.
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Fig.11 Time development of sound pressure around

violin body at the points A-D shown in Fig 7.
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