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Introduction

/

The most critical range in a violin's response is that between

about 200 and 800 Hz., primarily because of the system's low mod—

al density in this region. Many attempts to optimize the spacing

of the lowest two resonances- the front plate's lowest mode or

front mode and the Helmholtz air mode— have been made and it is

generally accepted that these should occur at about Rho and 290

Hz. respectively (Hutchins, 1962). This has the additional ad-

vantage that for inputs with a fundamental of 220 Hz. the second

harmonic is enhanced.
By altering the back plate it may be possible to increase its

response and add another useful resonance. hnderstanding the

coupling between the plates is necessary to determine the fees-

ibility of this.

,,
Theorx- Physical Properties

For frequencies below 800 Hz. the
front and back plates are excited pri-

marily in their lowest made, similar to
that of a rectangular plate simply supq

ported at its edges, and may be repre-

sented as pistons sharing a common air

cavity. The mass of air enclosed in the

f-holes may also be treated as a piston

and the resulting mechanical model is
shown in figure 1.

The following are generalized values

for mass, stiffness, and Q-value, typ-

ical of a good violin:

Mb=1.83x10-2

2 -1 -
Kf=5.3x10 Nm Kb=1.9x103 Nm

4 '3Mf_8.6x10 kg

1

Qr=1h.5 ob:

For the air mode

5na=b.1x10‘ kg a=1.2x10‘3.m2

where
-1ve\

is the area of both f-holes and

een a”fl>d to 'He air mass.
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Figure 1: Mechanical
model of a violin.
The subscripts a,b,
and f refer to air,
back plate and front
plate respectively.

v=1.65xto'3 m3

two end corrections
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The pressure in the enclosure will act on the front and back
plates and so an equivalent piston area So must be defined by

integrating the equation

50:);f'(x.y) as

where the subscript 0 refers to the Helmholtz or zero mode and

f(x,y) is the normalized displacement of the plate at (x,y), as
determined from the iso—amplitude lines of a time-averaged vib-
ration hologram. The piston areas are calculated to be

‘3 m2 3 m2 -Sf°=s.ax10 Sb°=9.7x10-

In addition, at about 510 Hz. the air cavity develops a reson-
ance similar to the (1,0,0) mode of a rectangular room. Because
the f-holes are located at a pressure minimum little sound is
radiated however the effect on the front and back plates is sig-
nificant and so another equivalent area must be defined.
Assuming a normalized pressure distribution of sin(2flx/1 )
within the cavity, the areas are x

S1=laf(x,y)sin(2lrx/lx) as \
-3 m2 2

and _3
Sb1=6.lx10 m -Sr1=1.9110

Impedance Eguatiens

Referring back to figure 1, the impedance equations may be
written as: .

+ Z S Pzr‘zmr * ch kf ” Sfopo * r1 1
z“: (zf)(znla + leg/(533°) (1)
1%” (szzmb * Zeb *' zkb)/(Saopo ‘ sb1P1)

where P and P represent the magnitude of the pressure for the
zero ans (1,0,&) modes. It is now necessary to establish equa-
tions for 13° and P1.

Cavitz Pressure

Standing waves are developed in tu- ir cavity which are simi-
lar to the zero and (1,0,0) modes of a parallelepiped. By using
a Green's Function approach, the expression for cavity ressure
when excited by a point source ofarea d5n at (x°,y°,zo is

-v;<x.y.=)/sy;,(xo.y;.z°) asn
P(Xquz)=-JVP°‘£W . (2)

20.?1.2
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where
Vn(x°,yo,:°) and K(x.y,z) are the eigenfunctions and

' 2
Kn are eigenvalues euch thatvzyfxf- “E

2An=(1_/v)Llfn(x.y.z) av
u=eource velocity

If the four walls normal to the x And y axes (uorresponding

to the violin's ribs) are assumed to be perfectly rigid then the

boundary conditions are

  

   

 

3‘? :3? =
BX 1 ‘1 a].x I

E 2

- fl = we”.
37. +1, .

2

El: = um '-i o
X 31 -11 ’0

2 _

Figure 2: coordinate system

on parallelepiped used as where p“ is the admittance sn/z ,

a model for standing waves n

in the violin air cavity. Applying the boundary conditions
and noting that

[SW-"(10.5.20)f(xo.y,)d5n=5n .

equation (2) becomes ,

(3) P(1.Y,z)=:'tpfl{ 2 5m2 2 ' 225f151nizxn/IX)2 2 ghm W 12' v [k -(1r/1,,) can] [n -(1r/1t) 41:71:) q”,

‘ qiefifi-(Sbopb * files) qil=JPolfsvstAfl/(vflz) ' I ' ‘

The terms for Po and p1 in equation (1) ay then be written as _

woven/v swan/v . (1.,
P:P =—— = _

° [kz-(n/xzfqio [Ra-(w/le—m/rzfiq;
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Results and Conclusions

Using equafions (1) and (h) one may defermine the relative
pressure amplitudes at one meter along the axis of each plate.

Calculations are presently being made and results will be pre-
sented at the meetmng.
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