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Intonation, Tone Range and Timbre of the Chinese Flute (Diz): a
Duffing Oscillator Model of the Dizi Membrane

Abstract

Among the flute-type instruments all over the world, only the Chinese flute (diz) and
the Korean taegum have a membrane. Such flutes could be termed ‘membrane flutes’. The
invention of membrane-sealing could be attributed to Liu Xi in the Tang dynasty. This
invention enriched diz timbre, leading to evolution of performance techniques and diz
music aesthetics. Nonlinear vibration of the diz membrane endows dizi tones with a bright
quality, which is due to harmonics in the frequency range of 4-7 kHz. Furthermore, the
membrane results in an inhomogeneity of timbre. According to different spectral features,
the tone range of the dizi can be subdivided into five registers. Tension and wrinkles of the
membrane have dramatic impacts on dizi timbre, intonation, and tone range. From a
viewpoint of physics, these phenomena can be explained by a Duffing model of the
membrane. Timbre inhomogeniety is an inherent property of membrane flutes. Although the
majority of dizi musicians dislike brightness inhomogeneity of the diz, it is appropriately
exploited in several solo pieces to introduce interesting ‘spatial effects’ into diz music.
Attempts to improve the diz in the past decades are discussed in the light of Western/Eastern
music aesthetics.
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