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Figure 1. Direct wave and edge wave 

transmitted from ultrasonic probe. 
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Figure. 2 Overlapped direct and edge waves. 
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Figure 3. Acoustic fields of pulse and 

continuous wave 

(a) Pulse wave (b) 30 cycles wave 
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Figure 4. Directivity of ultrasonic 

probe by Bessel function 

Figure 5. Acoustic field of ultrasonic 

probe by simulation. 
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Figure 6. Propagation of direct 

wave and internal edge wave. 

Figure 7. Increasing amplitude of 

pulse wave at near field limit. 
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Figure 8. Edge wave measuring method. 

Figure 9. Increasing amplitude by edge 

wave at near field limit. 

Table 1. Each materials and transducers 
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Figure 10. Synthesis of direct and edge 

wave at after near field limit. 
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Figure 11. Attenuation of each materials 

evaluated by peak A. 

Tabel 2. Attenuation 

coefficient of each materials. 

Figure 12. Amplitude of each frequency in air. 

Table 3. Attenuation coefficient 

at each frequency in air.  
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Figure 14. Air probes with flexural and longitudinal vibration transducer. 

(a)Flexural vibration 

(Open type) 

(b)Flexural vibration 

(Drip-proof type) 

(c)Longitudinal 

vibration 

Figure 15. Amplitude of each air probes: 

two types flexural and longitudinal vibration. 

Figure 16. Difference of ultrasonic emitting 

direction by vibration mode. 

(a) Flexural vibration  (b) Longitudinal vibration  

Figure 13. Increasing amplitude by edge wave at 

near field limit considering attenuation. 
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Figure 17. Ultrasonic spreading of each air probes: 

two types flexural and longitudinal vibration. 

(a)Flexural vibration(Open type) 

(c)Longitudinal vibration 

(b)Flexural vibration(Drip-proof type) 
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