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Analysis of String Vibration in Cello
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In viol family string instruments vibration of string is transmitted to the front plate through bridge to cause resonance
of the instrument body, Therefore, the vibration of string is the source of sound and the properties, the structure,
and the boundary conditions of string are expected to have significant effect on the sound, In this study the vibration
of strings in cello when one end is fixed and the other end is pressed with finger tip is studied and compared with
the case of the fixed—fixed ends, The result of analysis and experiment shows that the vibration of the string that
is fixed at one end and pressed with finger tip at the other end is significantly influenced by the contact condition
of the string with the finger tip and also quite different from that of the fixed—fixed string, It also suggests that
the sound of a cello can be significantly influenced by the contact condition between the string and the finger tip
in the fingered string,

Keywords. Cello, Vibration of String
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7} &0, Spirocore As E2] 73S

frequency)~=

7] 8551} (fundamental

£ 7L\/Zf 1 14.8x9.81(kg - m/sec?)
"T2r\p  2x0.69(m)\  1.58x107(kg/m)
13)

=220(Hz)
7} =t (2, 15].
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¥ 1. Thomastik-Infeld 22

so| W (THe| Zol & =& [4]
Table 1. Density for Thomastik-Infeld cello strings [4].
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String Dominant (Nylon core) Spirocore (Spiral steel core) Precision (Solid steel core)
Model No. Density Model No. Density Model No. Density
As 142 1.49 g/m 825 1.58 g/m 90 1.58 g/m
Ds 143 2.70 g/m 827 342 g/m 93 3.46 g/m
Go 144 5.58 g/m 828 751 g/m 95 7.67 g/m
Co 145 12.28 g/m 829 16.26 g/m 98 16.86 8/m

E 2. Thomastik-Infeld 22

Bo| HE HH [4]
Table 2. Recommended tension for Thomastik-Infeld cello strings [4].

String Dominant (Nylon core) Spirocore (Spiral steel core) Precision (Solid steel core)
Model No. Tension Model No. Tension Model No. Tension

As 142 14.0 kof 825 14.8 kof 90 14.8 kof

Ds 143 11.3 kof 827 14.3 kof 93 14.5 kof

Go 144 10.4 kof 828 14.0 kof 95 14.3 kaf

Co 145 10.2 kgf 829 13.5 kgf 98 14.0 kgf

= 3 11 FH, §o Zo|, ol Uk, J2|1 ZAENAML EFgA ot BUAS (T=148kef, L=0.69m, p=149 10 kg/m,
K,=10kN/m R, =20kNsec/m )| CHSI0] = SMEUHA (9, 10)2 UFAI7|= f’};‘ﬂ 0,2} o, J2(1 w & a,

Table 3. Eigenvalues w,, o, and w,,

constant, and damping coefficient (7 =

a, that satisfy the two characteristic equations (9, 10) for fixed tension, length, density, spring

14.8kgf , L= 0.69m, p=14910"kg/m K, =10kN/m R = 2.0kNsec/m ),

NO 1 2 3 4 5 6 7 8
w,/2m 231 315 458 699 714 870 1210 1278
[en 0.47 0.23 1.90 0.062 0.25 1.26 0.34 0.42
w, /2w 0.762 1.039 1.511 2.306 2.356 2.870 3.992 4.216
a, 0.00155 0.00076 0.00627 0.00020 0.00082 0.00416 0.00112 0.00139
NO 9 10 11 12 13 14 15 16
w,/2m 1320 1462 1589 1825 1943 2026 2190 2354
[en 0.24 0.17 0.54 0.17 0.10 0.27 0.89 1.56
w, /2w 4.355 4.823 5.242 6.021 6.410 6.684 7.225 7.766
a, 0.00079 0.00056 0.00178 0.00056 0.00033 0.00089 0.00294 0.00515
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Table 4. Variation of the frequency w, and the damping coefficient «, of the vibration due to the change in the spring constant
K, and the damping coefficient R, at the end of the string.

NO K, R, w, /2m a, w, /2m a,
1 200 200 226 0.46 0.746 0.00152
2 400 200 226 0.46 0.746 0.00152
3 600 200 227 0.45 0.749 0.00148
4 800 200 230 0.43 0.759 0.00142
5 1,000 200 231 0.47 0.762 0.00155
6 1,200 200 235 0.49 0.775 0.00162
7 1,400 200 237 0.47 0.782 0.00155
8 1,600 200 240 0.48 0.792 0.00158
9 1,000 40 233 0.39 0.769 0.00129
10 1,000 80 234 0.42 0.772 0.00139
11 1,000 120 231 0.43 0.762 0.00142
12 1,000 160 232 0.53 0.765 0.00175
13 1,000 200 231 0.47 0.762 0.00155
14 1,000 240 232 0.55 0.765 0.00181
15 1,000 280 231 0.64 0.762 0.00211
16 1,000 320 234 0.56 0.772 0.00185
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Fig. 6. Experimental setup.
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Fig. 7. Signal from the accelerometer seen in the time
domain (a), and in the frequency domain (b) when
the open A string was bowed. (Sensor signal is in
Volts)
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Fig. 8. Signal from the accelerometer seen in the time
domain (a), and in the frequency domain (b) when
the fingered As string was bowed. (Sensor signal
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Table 5. Variation of the frequency of vibration and the time required for half the initial magnitude of the signal, with varying

finger pressure.

NO 1 3 4 5 6
Finger pressure < lower, higher —
Frequency (Hz) 221 220 224 228 229 232
Time for half energy (sec) 0.34 0.42 0.48 0.47 0.51 0.53
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