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ABSTRACT

The aim of this study involves identifying the causes of sub-harmonics in the cicada Graptopsaltria

nigrofuscata. Three peaks were generated in the calling song, the scream, and during the experiment,

which aimed to examine the resonance condition of the abdomen. The tymbal produced a simple

vibration with just one IN- and OUT-click, and this frequency was similar to the 2nd peak. In

conclusion, the dominant frequency of the sound produced by the cicada G. nigrofuscata corresponds
to the 2nd peak, ranging from 5 kHz~ 6 kHz. This occurs during IN-click of the tymbal. The Ist

peak is a sub-harmonic, representing half of the dominant frequency, while the 3rd peak is a super-

harmonic, representing double the dominant frequency. The generation of the Ist peak was successfully

interpreted as a result of nonlinear resonance.
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Fig. 1 Picture of the cicada G. nigrofuscata
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Fig. 2 The experimental set-up for recording scream from
both tymbals
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Table 1 FFT results of three peaks of 30 calling songs

o Ax}, AEAEE 9F 205 ~40s0]H, 25 3749 [unit: Hz]
y37F EARHS gelskqith °F 2000 Hz ~ 3000 Hz
Number 1st 2nd 3rd
oA 1st, 5000 Hz ~ 6000 Hzol A4 2nd, 10 000 Hz ~ 1 2239 5082 10207
12 000 Hzol| A 3rd =7} A E Q1) 2 2326 5082 10 250
3 2369 5125 10422
4 2455 5125 10 580
5 2455 5168 10 680
Dynamic signal analyzer (HP3567OA) 6 2498 5168 10 724
SOURCE CH1 CH2 7 2498 5211 10810
O O 8 2541 5211 10 863
9 2541 5211 10 896
10 2541 5211 10 896
11 2584 5254 10 896
2% 12 2627 5297 10 896
@l —@ O 13 2627 5297 10 896
v ) 14 2627 5297 10939
Dual mlcrggl}gne supply 15 2627 5297 10 939
Type 2693—A 16 2627 5383 10982
17 2670 5383 11 068
18 2670 5460 11111
Fig.3 The experimental set-up for the sine sweep test 19 2670 5469 11197
of the cicada G. nigrofuscata’s abdomen 20 2670 5556 11197
21 2670 5556 11283
22 2713 5556 11 326
23 2756 5556 11326
24 2756 5642 11499
25 2756 5814 11499
26 2799 5814 11757
27 2842 5814 11757
28 2842 6029 11 843
29 2885 6072 11929
30 2885 6417 13 351
Mean 2626 5452 11134
SD 160 329 604
Fig. 4 Waveform, spectrogram and FFT result of the Reifto ©F Tea 1.00 2.07 424
calling song of the cicada G. nigrofuscata Ratio of SD 1.00 2.06 378
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Fig.5 Spectrogram of the scream
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Table 2 FFT results of three peaks of 30 screams

[unit: Hz]
Number 1st 2nd 3rd
1 2190 5383 11240
2 2239 5426 11542
3 2326 5513 11724
4 2326 5513 12 059
5 2369 5728 12 748
6 2412 5728 12 877
7 2412 5751 13 029
8 2412 5771 13178
9 2455 5804 13221
10 2455 5857 13221
11 2455 5875 13264
12 2489 5900 13410
13 2489 5900 13 480
14 2498 5943 13 690
15 2541 6029 13781
16 2541 6029 13 824
17 2541 6072 13 960
18 2624 6072 14 069
19 2627 6331 14169
20 2627 6373 14 185
21 2627 6440 14 298
22 2627 6460 14 343
23 2627 6589 14729
24 2670 6632 14729
25 2670 6632 14759
26 2670 6678 14901
27 2799 6718 14901
28 2799 6761 15073
29 2824 6891 15159
30 2827 6934 15246
Mean 2539 6124 13 694
SD 167 459 1089
Ratio of mean 1 2.41 5.39
Ratio of SD 1 2.76 6.54




Ki-sang Yoon et al.; Nonlinear Analysis of Sub-harmonics Signal in the Cicada Graptopsaliria nigrofuscata

o] @8%0] v)|%(head)0|iL, $1%0] 5% (dorsal)oltt
M ABRE Adske hEE Bolgde WE
7] "9 °l(apodeme pit)¢} 715 FH(tymbal plate) <t
IN ouTt transmitted
L - Lt Lt
1 ms
transmitted IN out
R
(a) Waveform
g
Z
g
<
g
ko
&

2000 4000 5000 8000 10000 12000 14000 16000 18000 20000
Frequency (Hz)
(b) FFT results of each in and out clicks

Fig. 6 Sound of both tymbals

Apodeme pit
Short rib

Wrinkle, "

.Tym.bal plate ’_.f" '

-1
¥

Fig. 7 Structure of the tymbal of the cicada G. ni-
grofuscata

'71:%‘(wrinkle)0] Amat] FAE el AEge] o2
o=z A A9 21 ZAv)F-H(long ribs)e} F2 4
H]T«](short ribs)7} FHEE A}

3% ARG BAs Av A5uhe o 7|

r_{

% ok, deo] 7hed Al

Wolz g 7k Rent X538 thFig. 8 Fx). of

ve] RER Fole e Fuimeh om Al 7H4
2EQl drfulohe Apo] 7t

Agoo] Aeshs 2ud 4 5 200705 49

st Aegs At @ﬂr—e— 200 Hz 912

At £ Table 39 423t

T Zt i glvtrke] A4

o} R%uke] AE4E oF 5200 Hz ~ 7600 Hz $$]©]
o Byt 6253 Hzo 2, HE&e) At FAFIF
6124 HzS} 1A tH(Table 2 3%).

3.4 289 39 =A

=
oo L1 ™

Fig 9% 7v}2]9] Aujn] %3

M
A

o] thall sine sweep

(b) After buckling during in-click

Fig. 8 Buckling process of the tymbal of the cicada
G. nigrofuscata

Trans. Korean Soc. Noise Vib. Eng., 34(5) : 473~481, 2024 | 477



Ki-sang Yoon et al.;

Nonlinear Analysis of Sub-harmonics Signal in the Cicada Graptopsaltria nigrofuscata

Table 3 Number of data per range of frequency

Range of frequency [Hz] Number of data [EA]

5200 ~ 5400 3
5400 ~ 5600 12
5600 ~ 5800 20
5800 ~ 6000 25
6000 ~ 6200 28
6200 ~ 6400 31
6400 ~ 6600 26
6600 ~ 6800 31
6800 ~ 7000 12
7000 ~ 7200 9
7200 ~ 7400 0
7400 ~ 7600 3
Sum 119

3rd
25 2
st

20] (Al
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Fig. 9 Resonance condition of the cicada G. nigrofuscatas’
abdomens
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