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A micro-capsule which is surrounded by the shells can hold gas or liquid such as drug solution. The role of the 
shell is to separate internal material from surrounding material and to prevent the diffusion of internal material. Making 
use of these advantages, the micro-capsule is applied in various fields. Particularly, in medical fields, the micro-capsule 
is expected as a tool of gene therapy and drug delivery system (DDS) under the ultrasonic control. In these medical 
applications, the micro-capsules work as a carrier, which collapse and release the internal material at the effective point 
of the body. Therefore, both the control and evaluation of micro-capsule collapse are important. In addition, it is 
required that the information of the collapse is obtained nondestructively from the acoustic wave caused by 
micro-capsule destruction. There are few reports on the relationship between collapsing behavior and the generated 
acoustic wave from micro-capsule. In order to investigate these mechanisms, the micro-capsule behavior is observed 
using a high speed video camera. The acoustic wave from the micro-capsule is observed using hydrophone, 
simultaneously.  
 The frequency spectrum of the received wave changed due to the micro-capsule behaviors. Moreover, generation of 
sub-harmonic component depends on the initial micro-capsule radius. In some specific cases of initial radius, 
sub-harmonic component of the radiated wave was observed before the collapse. This indicates the sub-harmonic 
observation becomes a strong tool to predict the collapse of the micro-capsule. 
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超音波で駆動されるマイクロカプセルの振動挙動と音響放射信号に関する検討
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Fig.1 Measurement system. 
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Fig.2. Irradiated sound wave. 
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Fig.3. Frequency spectrum of received sound wave 
without micro-capsule. 
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(a) Image of the micro-capsule behaviors. 
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(c) Frequency spectrum of received sound wave with micro-capsule. 
Fig.4. Tenth trial. 
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(a) Image of the micro-capsule behaviors. 
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(c) Frequency spectrum of received sound wave with micro-capsule. 
Fig.5. Fifteenth trial. 
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(a) Image of the micro-capsule behaviors. 
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(c) Frequency spectrum of received sound wave with micro-capsule. 
Fig.6. Thirty-second trial. 

(Fig.4 Fig.6)

Fig.7(a)
Fig.7(b)

Fig.7(c) Fig.7(d) Fig.7

0 Fig.3
45dB

Fig.7(b) (d)

15

15

16

1 14 15

32 33

73



（　  ）12

須 藤  実・吉 田 憲 司・渡 辺 好 章

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

15 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

15 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

15 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

15 (emission)

(a) whole                             (b) fundamental component. 

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

15 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

15 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

15 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

15 (emission)

(c) harmonic component.                      (d) sub-harmonic component. 
Fig.7. Trial variant of frequency spectra.(R0:60 m) 

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

9 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

9 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

9 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

9 (emission)

(a) whole                             (b) fundamental component. 

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

9 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

9 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

9 (emission)

Number of  trial

Fr
eq

ue
nc

y 
[H

z]

R
elative level [dB

]

9 (emission)

(c) harmonic component.                      (d) sub-harmonic component. 
Fig.8. Trial variant of frequency spectra. (R0:40 m) 
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Fig.9. Trial variant of frequency spectra. (R0:104 m) 
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