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Translation Rotation (Scaling) 





• 360°

5
⋅ 0 = 0°

• 360°

5
⋅ 1 = 72°

• 360°

5
⋅ 2 = 144°

• 360°

5
⋅ 3 = 216°

• 360°

5
⋅ 4 = 288°

• 360°

5
⋅ 5 = 360° = 0°



• 360°

5
⋅ 0 = 0°

• 360°

5
⋅ 1 = 72°

• 360°

5
⋅ 2 = 144°

• 360°

5
⋅ 3 = 216°

• 360°

5
⋅ 4 = 288°

• 360°

5
⋅ 5 = 360° = 0°

  

  

  

  

  

  



360°

5
⋅ 1 = 72°

Generators 



𝑎, 𝑏 ∈ 𝐺 

⇒ 𝑎 ∘ 𝑏 ∈ 𝐺

∀𝑎, 𝑏, 𝑐 ∈ G:
𝑎 ∘ 𝑏 ∘ 𝑐 = 𝑎 ∘ 𝑏 ∘ 𝑐

∃𝑖𝑑 ∈ 𝐺: ∀𝑎 ∈ G: 
 𝑖𝑑 ∘ 𝑎 = 𝑎 ∘ 𝑖𝑑 = 𝑎

∀𝑎 ∈ G: ∃𝑎−1 ∈ 𝐺: 
 𝑎, 𝑏 ∈ 𝐺 ⇒ 𝑎 ∘ 𝑏 ∈ 𝐺





𝑓: ℝ𝑑 → ℝ𝑑 𝑑 = 2,3
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symmetries of a cube – Oh 



𝑎, 𝑏, 𝑐 ∈ 𝐸(3)

𝐺 = {𝑎𝑖 ∘ 𝑏𝑗 ∘ 𝑐𝑘|𝑖, 𝑗, 𝑘 ∈ ℤ}

2-parameter 3-parameter 1-parameter 







helix 

sphere cylinder plane 

surface of revolution linear extrusion 





§ 









e- e- 

∢𝜓 is arbitrary... 
...here as well 

general case: 
consistency? 

solution: 
gauge field: photons 
leads to interactions 

𝝍 



 (𝑅𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛) mod (𝑆𝑦𝑚𝑚𝑒𝑡𝑟𝑦)


