
 One Particle Flock 

 Define 

  (1D) 

N Particle Flock 

                                            Trapped        Scattered  

  (2D) 

 Flock 
 

  Flocking Solution:  

 

   

  Where: 

Measures 

References 
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Abstract 
We perform scattering experiments for two particle  

based flocks. We prepare two uniformly transla- 

ting flocks and direct them at different angles. 

For two particles, there are two fundamen- 

tally different dynamic outcomes: high sp- 

eed case, the two particles diverge; low  

speed case, the two particles oscillate  

and merge.For N particle flocks a sim- 

ilar transition occurs, but trapped sol- 

utions are seen at slower speeds 
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 𝒙 𝒊 = 𝒗𝒊 

 𝒗 𝒊 = 𝜶 − 𝒗𝒊
𝟐 𝒗𝒊   −   𝝀  𝛁𝒙𝒊 𝑼 𝒙𝒊 − 𝒙𝒋  𝒋≠𝒊    
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Polarization: 𝑃 𝑡 =  
 𝑣𝑖 𝑡𝑖

 |𝑣𝑖 𝑡 |𝑖
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𝑀𝑎𝑏𝑠 𝑡 =

| 𝑟𝑖 𝑡 × 𝑣𝑖 𝑡𝑖 |
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Fixed 𝛼 and 𝜆 

𝑣1 

𝑥1 

• Center Man. Red. (O(4)) 

• Local Stability 

Convergence  Diagram (3) 

(𝟑) 

(𝟐) 

(𝟏) 

Localized:  
        𝑷 ≪ 𝟏, 
        𝑴𝒂𝒃𝒔 ≈ 𝟏 

NonLocalized:  
        𝑷 ≈ 𝟏, 
        𝑴𝒂𝒃𝒔 < 𝟏 

Motivation 

𝑣 fish speed (body lengths/sec) 

𝑃 polarization 

𝐷 Ave Distance between fish 

Lower speed => 

Lower orientation order 
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Attraction Repulsion Model 

Motivation 
The experimental observation that  

the orientational order is lower  

when the swimming speed is  

lower, and is better in faster  

groups 
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Attraction Repulsion Model 

Motivation 
We perform scattering experiments for two 

particle  

based flocks. We prepare two uniformly 

transla- 

ting flocks and direct them at different angles. 

For two particles, there are two fundamen- 

tally different dynamic outcomes: high sp- 

eed case, the two particles diverge; low  

speed case, the two particles oscillate  

and merge.For N particle flocks a sim- 

ilar transition occurs, but trapped sol- 

utions are seen at slower speeds 
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  Flocking Solution:   
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 𝒙 𝒊 = 𝒗𝒊 

 𝒗 𝒊 = 𝜶 − 𝒗𝒊
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