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Gauss-Bonnet Theorem (Simple Closed Curve)
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Gauss-Bonnet Theorem(Genus 1 Surface)
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Gauss-Bonnet Theorem(Genus 3 Surface)
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In general, ׬𝑆 𝑘𝐺 = 2𝜋(2 − 2𝑔), where 𝑔 is the number of holes (also called genus)!



Vector Fields

Ԧ𝑋: 𝑅2 → 𝑅2

𝑥, 𝑦 → (𝑢 𝑥, 𝑦 , 𝑣(𝑥, 𝑦))



Line Integral
Given any parametrization 𝛾: 𝐼 → 𝑐, the line intergral of 

field 𝑋 along 𝑐 is given by:
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Exercise

Let 𝑋 𝑥, 𝑦 = 2𝑥 + 𝑦, 𝑥
Let 𝑐 be the unit circle traversed in anti-clockwise orientation.

Compute the line integral of 𝑋 along 𝑐. 

Let 𝑋 𝑥, 𝑦 = − 2𝑦 + 𝑥 , 𝑦
Let 𝑐 be the unit circle traversed in anti-clockwise orientation.

Compute the line integral of 𝑋 along 𝑐. 



Gradient field

Wikipedia

𝑋 = 𝛻𝑓 = (
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𝜕𝑥
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Gradient field

Given a curve 𝑐 from  point 𝑝 to 𝑞 and 𝑋 = 𝛻𝑓. What can you say about the line integral of 𝑋 along 𝑐 ? 
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𝛻𝑓 ⋅ 𝑑𝑠 = 𝑓 𝑞 − 𝑓(𝑝)



Gradient field

Given a closed curve 𝑐 and 𝑋 = 𝛻𝑓. What can you say about the line integral of 𝑋 along 𝑐 ? 

Can you find 𝑓 𝑥, 𝑦 such that 𝑋 = 𝛻𝑓 = 2𝑥 + 𝑦, 𝑥 ?
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𝛻𝑓 ⋅ 𝑑𝑠 = 0


