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Long Term Average Spectrum Characteristics of Head and Chest Register Sounds of
Western Operatic Singers : Extended Study

- Possibility of Second Singer's Formant -

Jae Ho Ban, MD, Young Kyung Kwon, MS and Sung Min Jin, MD
Department of Otolaryngology, Kangbuk Samsung Hospital, School of Medicine, Sungkyunkwan University, Seoul, Korea

Background and Objectives : It has been shown that the epilaryngeal tube in the human airway is responsible for vocal ring,
or the singer’s formant. In previous study, authors showed that in trained tenors, besides the conventional singer’s formant in the
region of 2,500Hz, another energy peak was observed in the region of 8,000Hz. This peak was interpreted as the second res-
onance of the epilarynx tube. Singers in other voice categories who produce vocal ring are assumed to have the same peak, but
no measurements have as yet been made.

Materials and Methods : Fifteen tenors, fourteen baritones, seven sopranos and five mezzo sopranos attending the music
college, department of vocal music who could reliably produce the head and chest registers were chosen for this study. Each
subject was asked to produce an /ah/ sound for at least three seconds for the head register sound (tenors ; G4, baritons ; E4,
sopranos ; F5 and mezzosopranos ; C5) and for the chest register sound (tenors ; C3, baritones ; D3, sopranos ; D4 and Me-
zzosoprano ; A3). The sound data was analyzed using the Fast Fourier Transform (FFT)-based power spectrum, Long term
average (LTA) power spectrum using the FFT algorithm of the Computerized Speech Lab. (CSL, Kay elemetrics, Model 4300B,
USA). Statistical analysis was performed using the Mann-Whitney test of the Statistical Package for Social sciences (SPSS).

Results : For head register sounds, a significant increase was seen in the 2,200—3,400Hz region (p<0.05) and the
7,500 —8,400Hz region (p<0.05 : except the head register of mezzo soprano) in trained singers compared with untrained singers.
Similar to the head register sounds, there was a significant increase in energy in the four trained singer group compared with the
untrained group in the 2,200—3,100Hz region (p<0.05) , the 7,800 —8,400Hz region (p<0.05) for the chest register sounds.

Conclusions : When good vocal production was made for the head and chest registers, an energy peak was observed near
2,500Hz, a frequency already known as the “singer’s formant’, in ail subjects in the study group. Another region of increased
energy was observed around 8,000Hz that had not been noticed previously. The authors believe this region to be the second
singer’s formant.
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Table 1. Long term average power spectrum of female head
register
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Table 2. Long term average power spectrum of male head
register

Frequency Controlgain ~ Soprano gain - Mezzo gain Frequency Control gain  Barifone gain  Tenor gain
(Hz) (dB) (dB) (dB) (Hz) (dB) (dB) (dB)
0 24.93 24.18 28.27 0 20.20 27.94
3125 1.57 45.24 40.58 312.5 39.26 42.38 34.82
625 46.74 52.57 46.73 625 49.67 46.26 44.52
937.5 51.34 50.77 53.10 937.5 51.70 44.67 47.42
1250 53.53 48,62 52.64 1250 52.96 43.75 4812
1662.5 50.21 48.97 42.64 1562.5 49.82 36.84 43.59
1875 42.76 40.96 31.97 1875 41.60 34.56 35,72
2187.5 33.29 36.51 27.56 2187.5 31.05 45.96* 42.59*
2500 31.60 39.65 33.61 2500 35.62 51.61* 50.04*
2812.5 33.11 45.82¢ 41.93* 28125 39.50 52.11* 52.49*
3125 35.27 45.6* 46.86* 3125 38.80 48.46* 51.42*
3437.5 40.87 46.46* 46.77* 3437.5 39.19 41.63* 45.45*
3750 40.07 46.08 45.49 3750 39.5¢9 32.69 35.96
4062 35.31 39.16 38.62 4062 37.11 26.87 27.98
4375 32.70 32.15 28.47 4375 30.93 22.18 23.96
4887 26,97 25,16 23.89 4887 31.68 19.22 21.89
5000 24.0 19.39 23.27 5000 30.26 21.20 20.14
53125 22.89 16.27 23.76 5312.5 33.41 23.21 20.27
5625 23.10 13.39 22.31 5625 32,07 24.38 20.91
5937.5 24.10 12.62 21.56 5937.5 31.15 24.90 22,05
6250 24.42 13.41 19.74 6250 2917 24.59 24.01
6662.5 22.94 16.92 21.31 6662.5 25,37 23.22 25.13
6875 24.08 2003 23.61 6875 24.87 23.00 2422
7187.5 24,04 24.31 25.92 7187.5 23.92 23.54 23.87
7500 23.62 2727 23.34 7500 19.66 24.66* 25,38~
7812.5 23.39 26.82¢ 24.40 7812.5 18.24 25.29* 26.41*
8125 25617 26.86* 24.51 8125 16.79 24.87* 26.93*
8437.5 2599 25.03* 23.64 8437.5 20.97 24.22 26.83~
8750 24.62 21.21 23.45 8750 21.33 217 25,63
9062.5 2542 18.66 23.36 9062.5 23.97 210 23.97
9375 2532 17.13 21.97 9375 2282 20.38 22.31
9687.5 22.14 18.76 20.25 9687.5 19.12 19.31 20.39
10000 18.95 16.40 16.85 10000 16.98 14.07 15.87
*: p<0.05 * . p<0.05
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Table 3. Long term average power spectrum of female chest
register
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Table 4. Long term average power spectrum of male chest
register

Frequency Controlgain  Sopranc gain Mezzo gain Frequency Control gain - Baritone gain Tenor gain
(Hz) (dB) (dB) (dB) (Hz) (dB) (dB) (dB)
0 2530 21.77 26,01 0 21.49 25.86
312.5 36.45 39.33 39.50 3125 35.89 39.56 38.82
625 4530 45,20 44.85 625 42.88 43.48 43.87
9375 29.42 47.74 46,15 937.5 44.75 42.48 44.29
1250 1924 47.18 45.43 1250 42.24 39.82 4192
1562.5 48.12 39.93 36.86 15662.5 34.90 29.49 32.13
1875 40.76 29.62 23.74 1875 19.23 29.73 21.96
2187.5 30.59 26.18 25.99 2187.5 21.37 43.22¢ 33.14
2500 28.79 33.30* 36.73* 2500 26.84 47.91* 40.87*
28125 32.38 39.86* 42.60* 28125 26.79 46.77* 42,33
3125 36.63 41.53* 41.61~ 3125 24.78 2.42* 4011*
3437.5 37.12 4213 39.23 34375 28.72 36.77 35.11
3750 35.76 42.57 38.73 3750 28.86 27.91 28.33
2062 36.63 38.57 35.30 4062 2511 18.70 2237
4375 33.85 33.36 29.86 4375 19.70 14.63 18.42
4887 29.10 29.53 24.58 4887 17.85 12.34 16.67
5000 25.70 24.74 24.03 5000 18.41 12.05 14.81
53125 25.45 22.85 2272 53125 17.08 11.70 14.08
5625 24.11 22.14 2222 5625 14.23 11.92 14.18
5937.5 2233 21.63 22.71 5937.5 16.43 1243 1479
6250 21.90 21.36 23.28 6250 17.13 12.10 15.43
65625 21.80 21.39 24.54 6662.5 14.85 11.93 16.00
6875 22.31 2218 25.81 6875 16.11 12.16 15673
71875 23.51 22.85 26.35 7187.5 16.06 12.78 156.82
7500 22.09 22.89 27.28 7500 12.39 12.84 16.17
7812.5 20.42 22.78 26.22* 78125 7.34 13.49* 16.24*
8125 21.39 23.14* 24.73* 8125 11.50 15.22* 16.21*
8437.5 22.53 232" 24.94* 8437.5 12.58 16.31* 16.43*
8750 22.74 23.35 25.67 8750 12.66 16.89 16.43
9062.5 2274 23.64 25.85 9062.5 13.23 17.156 16.59
9375 21.09 23.88 25.60 9375 13.31 16.59 16.79
9687.5 19.03 23.70 25.25* 9687.5 11.33 15633 16.73*
10000 15.89 20.34 22.69 10000 6.31 10.60 13.18
* 1 p<0.05 * 1 p<0.05
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