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Asymmetry Actions of Tymbals & Resonance Condition in Air Sac

of the Cicada Cryptotympana Atrata
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This paper presents a study on acoustic characteristics and sound generation mechanism of Cryptotympana
atratas’ songs which cause noise problems in surmer days. The waveforms & FFT of Cryptotympana
atratas’ songs in nature were analyzed, and the actions of tymbals were visualized by the high speed
camera. In order to know resonance frequency of the abdominal cavity of male Cryptotympana atrata, the
sine sweep test was done. It was observed from the experimental results that Cryptotympana atrata’s two
tymbals act asymmetrically with respect to time & shape. and make a variety of frequencies every time it
vibrates. It was also shown that Cryptotympana atratas’ have a structure that cause resonances sounds only

in a 7~7.5 kHz bandwidth.
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Fig. 1. Cicadas’ sound generation organs.
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Table 1. Cicadas’ sound generation mechanisms.
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Fig. 2. Cryptotvmpana atrata’s sound generation organs.
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Fig. 3. The SEMs of Cryptotympana atrata’s tymbal (fleft) &
tympanum {right).
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Fig. 4. The experimental set-up for recording sound from both
tymbals.

3.3, UsHe 25 &89

£ A5 oY 2402 ugy £52 =S
2ot SAsH gl8l7| 918 472} (MODEL :
REDLAKE MASD Inc, PCI 1000S, LENS @ SIGMA F/#
2.8—-4, ZOOM 24-135 mm, SPEED @ 1000 frames/s,
Shutter : 1/2000 s, F/# : 4, FOCUS : 100 mm)E 2l
Soo] &5 A1US 827 el Wujule) RS
< Gt A5E 2R g Qlof ofE Azl AlAS
I Do)zt gAo|A 3= 13 52 L] HiojE
g2olE HolZz2 2AA|Fct,

Motionscope

e eronof
38 5, IR US| 22 §HHD| st B(A) Sy AR A
gt gojo| ()
Fig. 5. The equipment set-up for photographing actions of both
tymbals (left) and Cryptotympana atrata whose tymbal
covers were removed (right}.
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Fig. 6. The experimental system for testing the resonance
frequency of the air sac.

Iv. 48 24

=3 2

A9 Aol o) a2l syt Foie B
Hol4 B4stle), 39 72 AFHY ] = H4
o 5% (13 702 B 31 90w, ol tE 29
E273% (19 & BASHL 9ok ki) we
2l9) Yol o 2022, §2| A7 ARE B5Y, 2
28 A0 §7%, 89 A Belme 2%
oV} 3EAZ TRY 4+ Stk P4 PRt §
ARl 2gol o Bo) WA, Lekw] el8 o
s oF 1 me Halel 2ol T (decay)3he BAE
AT 4 olrk. AHERIYNIL xE3 FAHSHA 2
41 10| wolee! ofe slast 42 Aol 490
HEoR e Fak el g onlte 23



4 SRS A6 ANE (2007)

82 30mtE]e] Yujju] =20 ¥ 9}EE FFTSH
EAIS Faee 54E Ho| 2 U, A7) S4Fat
TE 7% 247} & 29 Fo|ReH F2 5~T kHz A
olellAl £&slri, TIE Ft uteefA 27 o|Fo] &
=,

Tejm} &2 3fe) Fuky 42 AR 93, 3t
yel kegaeofA 47t A3 A3 307E AE
3l FFTSE {AMeH AMERS WASIgl I3 9=
Sute)9) Zofju) 2o ik F4459) FukpErgo]
o}, sut2] 2% 19 sike BE Fukr favt § A
ot} & NS TR HoiEet webd 19 89 o
& 529 EAe Yofn)d kPke)ole et AFY
47 2] o2 wizd 4yt FE2FL oojgitt,

gm» b “‘va\r ‘&"’JM"’# JW‘J‘M} i JV‘*‘\"Mﬂf‘ ’W’xg ’W”;
I :

| I SUMIPT WY 2R LMY I - S¢S O3 ST I R > TR <
et

decay

(a)

{b)

38 7. Wol =3aa(e] AR ¥ Fhk KA
(a) T8 (b) AHES24

Fig. 7. Time and properties of Cryplofympana afrata’s song.
(a) Waveform (b) Spectrogram.
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Fig. 8. FFT results of 30 data.
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Table 2. Dominant frequencies {fo) of thirty Gryototympana
atratas’ songs.

Numbert folkHz) [Number| folkHz) [Number| folkHz)
1 5.920 11 6.400 21 6.336
2 5.120 12 5.600 22 6.464
3 6.304 13 5.088 23 6.144
4 6.816 14 5.632 24 6.784
5 6.944 15 5.120 25 6.496
6 6.944 16 5.024 26 7.168
7 6.880 17 5.066 27 6.240
8 5.664 18 5.792 28 6.112
9 6.368 19 4,736 29 6.144
10 6.496 20 4,832 30 6.304
MEAN 6.030
SD 0.700
0.00018
0.00016 -
0.00014
0.00012
@ 0.00010
3
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o
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Fig. 9. FFT spectra accumulated over the 30 pure decay
signals in a song for five Cryptotympana atratas.
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Fig. 10. Action patterns of both tymbals{Cryptotympana afrata 1).

(a)~(d) Vibration patterns of bott tymbals.
{(e) FFT results from seven signals in (d).
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Fig. 11. Waveforms of both tymbals” signals{Cryptotympana
atrata 2~5).
{a) Cryptotympana alrata 2 (b} Cryptotympana atrata 3.
(c) Cryptotympana atrata 4 (d) Cryptotympana atrata 5.
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Table 3. Qs of both tymbals{Crypfolympana alratas 1~4}.

)

| ojajp 1 2 3 4 5 6 7 8 9 10 Mean ! SD
1 L 244 | 1069 | 9.75 | 10.61 | 9.01 7.92 | 1057 | 10.60 | 12.10 | 9.40 | 10.07 | 1.15
R 938 | 937 | 877 | 929 | 923 | 927 | 938 | 9.23 | 9.18 | 858 | 9.23 | 0.27

2 L 529 | 5634 | 556 | 634 | 535 | 5.21 524 | 540 | 532 | 532 | 534 | 0.10
R 6.73 | 690 | 649 | 642 | 627 | 682 | 580 | 632 | 615 | 587 | 628 | 0.54

3 L 12.10 [ 11,96 | 11.35 | 11.46 [ 11.81 | 11.81 | 12,16 | 11.97 | 12.26 | 12.05 | 11.89 | 0.29
R 10.56 | 11.17 | 11.67 | 10.04 | 11.27 | 9.82 | 10.75 | 11.09 | 9.91 9.87 | 10.62 | 0.68

4 L 718 | 665 | 699 | 7.08 | 742 | 7.37 | 7.27 | 7567 | 649 | 7.27 | 713 | 0.34
R 413 | 419 | 432 | 438 | 454 | 419 | 429 | 416 | 413 | 436 | 427 | 0.13
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Fig. 12. The action pictures of both tymbals,
(a) When no tymbal acts.
(b) When the left tymbal acts,
{c) When the right tymbal acts.
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