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                    Vector Fields on Manifolds- HW Problems 

 

1.   Let 𝑀 = ℝ2.  Calculate the Lie bracket [𝑋, 𝑌] for 

      𝑋 = 𝑥
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2.   Let 𝑀 = ℝ3.   Calculate the Lie bracket [𝑋, 𝑌] for 

      𝑋 = 𝑧2 𝜕
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3.   Let 𝑀 = 𝑆2, the unit sphere, and let 𝑈 be a coordinate patch 

       parametrized by 

         𝑥−1(𝑢1, 𝑢2) = (𝑐𝑜𝑠𝑢1𝑠𝑖𝑛𝑢2, 𝑠𝑖𝑛𝑢1𝑠𝑖𝑛𝑢2, 𝑐𝑜𝑠𝑢2),    with 

                             (𝑢1, 𝑢2) ∈ (0,2𝜋) × (0, 𝜋).    

 

         Let  𝑋 = 𝑐𝑜𝑠𝑢1𝑠𝑖𝑛𝑢2𝜕1 + 𝑠𝑖𝑛𝑢1𝑠𝑖𝑛𝑢2𝜕2  and   𝑍 = 𝑠𝑖𝑛𝑢2𝜕1 

          be vector fields over 𝑈.      

 

          Let 𝑓: 𝑈 → ℝ, by 𝑓(𝑢1, 𝑢2) = 𝑢1𝑢2 + (𝑢2)2. 

 

    a.    Find [𝑋, 𝑍]. 

    b.    Find 𝑋(𝑓). 


