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Comparison of Sound Spectrums of Pyeonjong Remains at the
King Sejong Memorial Museum and Pyeonjong Replica
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This study compared the sound spectrums of pyeonjong remains and pyeonjong replica to investigate tuning ways
of bells. pyeonjong remains, exhibited at King Sejong Memorial Museum and pyeonjong replica, played at the National
Center for Korean Traditional Performance Arts were analyzed, To get mode frequencics and mode shapes, pyoonjong
replicas’” sound spectrums were analyzed and modal analyses hy TV holography were performed, Also pyoonjong
remains’ sound spectrum were analyzed. Nominal frequencies on the pyeonjong replica and remains showed differences
in a range between 9.8 ¢ and 203 ¢ . Two facts werc inferred as causes of the differcnecs, the tuning conditions
of preonjong remains were not good and C4 in western tempered scale was preferred as the sound standard of Kukak,
whangjong. Relative ratio of higher mode frequencics to the nominal frequencies were ealculated to figure out tonal
differences between two pyeonjongs. The differences in relative ratio of higher mode frequencies excepl (3,0)a and
{3,00b mndes were significants as well as beyond Lhe just noticeable difference, These results implied that the tonal
differences between two pyconjongs could exist. More preonjong remains are needed (o be investigated to confirm
this result in addition to the analyses of alloy components and bell structure of pyeonjong remains and replica,
Heywords: pyeonjong remains, pyeonjong replica, bell, sound spectrum, mode analysis, mode Irequency
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Fig. 1. Bell chime set of Korea.
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Fig. 2. Areonjong replica and Aeonjong remains. (a) Side
view of a bell, {b) End view of a bell, {c) Mouth view
of the 1st bell replica, (d) Mouth view of the 16th
bell replica, {e) Mouth view of the 1st bell remain,
and (f) Mouth view of the 16th bell remain at the
King Sgfong Memorial Museum.
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Fig. 3. Bell sets of China, {a) 65-beill set from the Tomb of
Marquis Y/ (b} 36-bel set from the No.2 tomb in
Hubei Province 8], (c) 26-bell set from the No. 2
tomb at Xiasa in Henan province [7], and (d} 16-bell
set of the Qing dynasty [6].
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Fig. 4. Mode shapes in a modern two-tone bell [7).
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Table 1. Sexagenary cycles on the gyeorjong remains at the
King Sejong Memorial
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Fig. 5. Experimental settings for TV holography.
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Table 2. Nominal frequencies of the pyeanjong replica.

- 7 IHRS
& ZHob (Hz) | SH b (H2) x| {g)
£ 267.95 2637 267
chad 282.96 2826 22
B} 300.66 2967 232
HE 316.77 3168 0.2
M 335.33 3338 8.2
%2 355.59 356.4 39
=]l 376.83 3755 6.4
AUE 397.89 3956 102
Ol 42383 4224 59
X 447.02 4450 78
2o 476.44 475.2 45
ez 501.96 500.6 47
HY= 532.47 527.4 166
Az 565.98 563.2 85
T 589.85 593.3 19.0
ANE 635.74 633.6 58

«All measuremenis have done three times and the dala in the
Table 2 are the average of three measurements.
*= Frequencies are inlended by Kim
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Fig. 6. Examples of ‘a and ‘© mode shapes in the
byeonjong.
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Fig. 7. Exemplary sound spectrum and modal frequencies of
the 1st bell in the pyeonjong.
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Fig. 8. Relative ratios of higher modes to lthe nominal
frequencies,(2,0)a modes of at each nole in the
pveonjong replica.
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Fig. 9. Relative ratios of higher modes to the nominal
frequencies,(2,0)a modes of at each note in the
pyeonjong remains.
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Table. 4. Average frequency ratios of mode freguencies to

the nomial frequencies in each bells of pyeorjong

remains and replicas.
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mode sr@ | o | e
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