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Various primers, varnish ingredients, and varnish recipes commonly used in violin mak-
ing were examined to determine their tonal qualities. The carrier material was spruce cut into
200 strips, both along-grain and cross- grain strips. Measurements were made of the effect of
various varnish coatings on two vibration characteristics of the strip—stiffness and damping.
The strips were either 2mm or 3mm thick, corresponding to the thicknesses found in the violin
top plates.

Measurements were made of the eigenfrequencies and damping values of each strip at each
coating of primer or varnish. Results are presented as a pseudo velocity of sound (square root of
the ratio of stiffness and the mass of the strip) and a loss factor.

Different varnishes and treatments had a substantial effect on stiffness and damping prop-
erties of the wood, especially cross-grain specimens. The loss factors \ measured 9 years after
treating the strips ranged from 0.89 to 4.1 that of the untreated wood. The velocity of sound c
varied from 0.92 to 1.27 of the untreated wood. These values take into account a correction
that results from measurements of 20 untreated reference strips (also measured after 9 years).

Measuring Frequency Response Functions and doing modal analysis of a violin before and
after varnishing show that the results obtained by the strip method seem to be transferable to
the application of varnish to the violin. Accelerance levels of the varnished violin are changed
(on average by -2.6 dB), eigenfrequencies are shifted (in a range of +6%), loss factors change (as

much as 75%), and mode shapes are clearly modified in the higher frequency range (1500 Hz).

uite often violin varnish is
chought to have acoustical conse-
quelrees that are the secret of violin tone.
After comparing the similarities and dif-
ferences in the workmanship of the old
masters, the Hill brothers come to the
conclusion that the characteristic tim-
bre of the instruments of the old masters
is a result of the varnish (Hill 1963, p.
180). Sacconi reports on instruments of
Guarneri del Gesu for which a change in
varnish ruined the response (Sacconi
1981, p.154).

In general, varnish serves three pur-
poses—beauty, protection, and tone.
This investigation focuses on tone. (Of
course, persons applying varnish in the
violin maker’s workshop should beware
of such an unbalanced view. A varnish
that shows exemplary acoustical proper-
ties is good for nothing if it chips off at
the softest touch, or reminds one of shoe
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polish rather than of a beautiful, bril-
liantshine.)

A specimen of wood treated with a
varnish can have modified elastic prop-
erties—stiffness, increased density, and
modified damping properties. These
changes will be revealed when the speci-
mens are vibrated at their resonance fre-
quencies. Also, the varnish, by closing
the surface pores of the wood, can affect
the sound radiation of the specimen at
higher frequencies.

Method

Carrier Material

The acoustical influence of varnish de-
pends on the carrier material to which
the varnish is applied. The effect
achieved depends on the way the varnish
connects with the surface of the wood.
Thus, it is important for the carrier ma-

terials to be those used in making vio-
lins. The measured effect will also de-
pend on the thickness of the carrier ma-
terial.  The measured effect will
understandably be small on a thick
wood specimen; whereas, it will be quite
large on a thin piece of wood. Because of
the anisotropic nature of wood, the ef-
fect of the varnish coat will be very dif-
ferent in the along-grain direction of the
fibers than in the cross-grain direction.

As a result of these considerations,
violin spruce was chosen as the carrier
material. Two thicknesses, 2 and 3 mm,
were used. Specimens oriented in the
along-grain and in the cross-grain direc-
tion were prepared. The along-grain
strips were 280 mm long and 30 mm
wide. The cross-grain direction strips
were 130 mm long and 30 mm wide.
The frequency of the first free-free vi-
brating mode was about 250 Hz.
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Test Environment and Measurement Un-
certainties

The tests were made in an uncon-
trolled environment—the climate of the
mountains of southern Germany. The
test specimens all came from the same
log which had been carefully seasoned
about 7 years. Itis known that such sea-
soning makes the wood less sensitive to
changes of climate and humidity.

The purpose of this work was to show
the great variations possible in the rela-
tive influences of varnish on acoustical
properties. All the specimens were
tested at the same time under the same
conditions.  Application techniques
were those of a trained violin maker.
No additional efforts were made to con-
trol depth of penetration, etc. Twenty
untreated specimens were tested at the
same times.

The measured effects of the varnish
treatments were large compared to the
changes in the untreated specimens.
Mass changes in the untreated specimens
were 4 per cent or less, while mass
changes in the treated specimens were as
high as 12 and 13 per cent. Changes in
the ratio of stiffness/mass ranged up to
40% while in the untreated specimens
this ratio rarely reached 4%. Changesin
theloss factor exceeded +300 per cent in
some treated specimens but only +4 per
cent (along-grain) or -55 per cent (cross-
grain) in the untreated specimens.

From the 20 untreated reference strips
correction factors were calculated
(Table 3, columns 8 to 11). These cor-
rection factors were taken into account
in the diagrams, which means that all
values of the measured specimens were
multiplied by the measured correction
factors. (The clear decrease of cross-
grain loss factors of the untreated refer-
ence strips after 9 years might have been
caused by a further drying of the wood
and by climate changes). Thus, the re-
sults of this work provide some useful
information to the violin maker.

Special care was taken to be consistent
in the application of each coat of each
treatment (painting, wiping, etc.). In
order to estimate the degree of uniform-
ity, two strips at a time were used for
each treatment in the test of varnish reci-
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pes. The diagram values show the aver-
age values of the two strips treated iden-
tically (“twins”). Although special care
was taken to be consistent in the applica-
tion, Table 3, column 4 to 7, show that
there is a considerable difference be-
tween the “twins”: up to afactor of 0.71
forvelocity of sound (along-grain, thick-
ness 3 mm) and 0.55 for loss factor
(cross-grain, thickness 2 mm). Compar-
ing the differences of all the “twins” as
measured 4 years after the treatment
with the differences after 9 years shows
that most of the uncertainty is caused by
differences in the consistency of applica-
tion rather than by measurement uncer-
tainties or climate changes.

Differences in the values for two strips
treated identically often surpass the
value differences among recipes. The
fact that there is such considerable dif-
ference is of high interest for the violin
maker: it shows that in order to achieve
a distinct tonal aim there should be
taken at least as much focus on how to
varnish the violin (absorption depth,
coat thickness, brush technique, etc.) as
on what to varnish it with. This obser-
vation is also justified by the measure-
ments of different absorption depths as
discussed below.

Measurement

A determination of the influence of a
selected varnish is possible only if, first
of all, the values of the untreated strips
are determined, a portion of the un-
treated strips are then varnished and,
after a certain drying period, the values
of the treated strips are then compared
with the untreated ones.

The strips were softly supported at
the two nodal lines of their first free-free
bending mode, which was around 250
Hz. Eigenfrequencies and the frequency
spread at the half peak points were meas-
ured with the help of a structural dy-
namics analyzer (Hewlett Packard
Model 5423A). The strips were excited
with a small impact hammer (PCB
086C80). The response was measured
with a sound level meter. The transfer
function, which is calculated by Fast
Fourier transformation software, shows
the frequency response curve of each

strip. From the eigenfrequency and the
half width measurements, properties
were determined that are independent
of thesize of the samples.

Calculation

The formula for the first free-free fre-
quency of a beam of homogeneous ma-
terial and of constant thickness is

f_is_ E b
“Ji2\p T

wheref = frequency
E = Young's modulus of
elasticity of the material

D = density
h = thickness
L = length

The second term contains the critical
dimensions of the beam. The first term,
the square root of the material stiffness
divided by the material density, de-
scribes the dependence of the frequency
on the properties of the material. An as-
sumption is made that the change in di-
mensions of the specimens when the
varnish is applied will be so small that it
can be ignored. An assumption is also
made that the changes caused by the var-
nish application can be properly de-
scribed and evaluated by calculating an
equivalent square root of E over D as
though the varnished wood specimen
were homogeneous. Since the test mod-
els the actual vibrating situation in the
violin, this simplifying assumption still
permits relative comparison of var-
nishes on a realistic basis. The test re-
sults are presented as changes to the ve-
locity of sound, calculated as described
above. The velocity of sound of the un-
treated strips varied from around 5000
m/s to 6200 m/s in the along-grain strips
and from 1000 to 1600 m/s for the
cross-grain strips.

The loss factor is a measure of the ab-
sorbed energy per cycle of vibration to
the total energy in the vibrating strip. It
can be determined by the width of the
resonance peak: the narrower the peak
the lower the loss factor. Common
practice is to measure the width of the
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