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Change of Surface Curvature! 

Unequal Distribution of Light Rays  Pattern! 
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Actual Waves   
Different Phenomenon 
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Too Complex! Light Flux  
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Image Source Image Source 

Different Concentrations of Light Flux! 

High Light Flux Density High Intensity Low Light Flux Density Low Intensity 
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Snell’s Law 
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Snell’s Law 

Normalization 
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Amplitude and Curvature 

A

r
Focal Length Decrease 



Theory 

Water Surface Modeling 

Light Flux Density 

Refraction 

Experiment Conclusion 

Analytical Prediction 

Numerical Simulation 

Lens Approximation 



 
 Experiment 





 
 Acrylic Wave 

 
 Syringe Pump 

 
 Laser 





0

0.2

0.4

0.6

0.8

1

1.2

6.8 7.8 8.8 9.8 10.8 11.8 12.8 13.8

Velocity of Final 
Light (cm/s) 

Distance in Incident Light(cm)  

Velocity of Final Light 



 
 Experiment in Water 
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Experiment Setting  

Spherical light source 

(point source)  

Wave Generator 
  
(Horizontal Push) 



 

Surface Wave: Amplitude 3.2mm, Wavelength 42.9mm        (Incoherent) 

5.92cm 5.85cm 



 

Surface Wave: Amplitude 3.6mm, Wavelength 42.9mm        (Incoherent) 
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Surface Wave: Amplitude 4.0mm, Wavelength 42.9mm        (Incoherent) 

4.97cm 5.02cm 
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 Actual Waves…? 
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Lip Shape 

Interference 
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Focal Length Decrease  

Amplitude Increase  
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Snell’s Law 

Normalization 

Same Plane Condition 



 

Lip Shape! 

Depth Increase 
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