












 







 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

 

 



 



 



 

 



 

𝑇 sin 𝜃 = 𝑊

𝑇 cos 𝜃 = 𝐻

sin 𝜃

cos 𝜃
= tan 𝜃 =

𝑊

𝐻

𝑊

𝐻
=

𝑑𝑦

𝑑𝑥
  



𝑑𝑊

𝑑𝑠
= 𝑤 = (

𝑑𝑊

𝑑𝑥
) (

𝑑𝑥

𝑑𝑠
)

𝑑𝑊

𝑑𝑥
= 𝑤

𝑑𝑠

𝑑𝑥

𝑑𝑠2 = 𝑑𝑥2 + 𝑑𝑦2

𝑑𝑠

𝑑𝑥
= √(

𝑑𝑦

𝑑𝑥
)

2

+ 1

𝑑2𝑦

𝑑𝑥2
=

𝑤

𝐻
√1 + (

𝑑𝑦

𝑑𝑥
)

2

𝑦 = 𝐶 (
𝑒

𝑥
𝐶 + 𝑒

−𝑥
𝐶

2
) = C ∙ cosh

𝑥

𝐶
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𝑁𝑓

𝑖 𝑁𝑓

{𝑖, 𝑗} 𝑖 𝑗

𝑁𝑖 𝑖

𝑙{𝑖,𝑗} = √(𝑥𝑗 − 𝑥𝑖)
2

+ (𝑦𝑗 − 𝑦𝑖)
2

+ (𝑧𝑗 − 𝑧𝑖)
2

{𝑖, 𝑗}

𝑆{𝑖,𝑗} {𝑖, 𝑗}

𝑒{𝑖,𝑗} =
𝑥𝑗−𝑥𝑖

𝑙{𝑖,𝑗} 
𝑖 +

𝑦𝑗−𝑦𝑖

𝑙{𝑖,𝑗} 
𝑗 +

𝑧𝑗−𝑧𝑖

𝑙{𝑖,𝑗} 
�⃗⃗� {𝑖, 𝑗} 𝑖

𝑗

𝑖

∑ 𝑆{𝑖,𝑗}
𝑗𝜖𝑁𝑖

𝑒{𝑖,𝑗} ∙ 𝑖 = 0 ∑ 𝑆{𝑖,𝑗}
𝑗𝜖𝑁𝑖

𝑒{𝑖,𝑗} ∙ 𝑗 = 0 ∑ 𝑆{𝑖,𝑗}
𝑗𝜖𝑁𝑖

𝑒{𝑖,𝑗} ∙ �⃗⃗� = 0

𝑙{𝑖,𝑗} 𝑒{𝑖,𝑗} 𝑒{𝑖,𝑗} 𝑖 𝜖 𝑁𝑓

∑ 𝑆{𝑖,𝑗}
𝑗𝜖𝑁𝑖

𝑥𝑗 − 𝑥𝑖

√(𝑥𝑗 − 𝑥𝑖)
2

+ (𝑦𝑗 − 𝑦𝑖)
2

+ (𝑧𝑗 − 𝑧𝑖)
2

= 0

∑ 𝑆{𝑖,𝑗}
𝑗𝜖𝑁𝑖

𝑦𝑗 − 𝑦𝑖

√(𝑥𝑗 − 𝑥𝑖)
2

+ (𝑦𝑗 − 𝑦𝑖)
2

+ (𝑧𝑗 − 𝑧𝑖)
2

= 0

∑ 𝑆{𝑖,𝑗}
𝑗𝜖𝑁𝑖

𝑧𝑗 − 𝑧𝑖

√(𝑥𝑗 − 𝑥𝑖)
2

+ (𝑦𝑗 − 𝑦𝑖)
2

+ (𝑧𝑗 − 𝑧𝑖)
2

= 0

𝑛𝑓 𝑛𝑏 3𝑛𝑓

𝑛𝑓

(𝑥𝑖, 𝑦𝑖 , 𝑧𝑖), 𝑖 𝜖 𝑁𝑓 𝑛𝑏 𝑆{𝑖,𝑗}



𝑆{𝑖,𝑗}



 

∑
𝑆{𝑖,𝑗}

𝑙{𝑖,𝑗} 𝑗𝜖𝑁𝑖

(𝑥𝑗 − 𝑥𝑖) = 0

∑
𝑆{𝑖,𝑗}

𝑙{𝑖,𝑗} 𝑗𝜖𝑁𝑖

(𝑦𝑗 − 𝑦𝑖) = 0

∑
𝑆{𝑖,𝑗}

𝑙{𝑖,𝑗} 𝑗𝜖𝑁𝑖

(𝑧𝑗 − 𝑧𝑖) = 0

𝑆{𝑖,𝑗} {𝑖, 𝑗} 𝑙{𝑖,𝑗} 

𝑞{𝑖,𝑗} 

𝑞{𝑖,𝑗} =
𝑆{𝑖,𝑗}

𝑙{𝑖,𝑗} 



∑ 𝑞{𝑖,𝑗} 
𝑗𝜖𝑁𝑖

(𝑥𝑗 − 𝑥𝑖) = 0

∑ 𝑞{𝑖,𝑗} 
𝑗𝜖𝑁𝑖

(𝑦𝑗 − 𝑦𝑖) = 0

∑ 𝑞{𝑖,𝑗} 
𝑗𝜖𝑁𝑖

(𝑧𝑗 − 𝑧𝑖) = 0

𝑞{𝑖,𝑗} 

𝑞{𝑖,𝑗} 

𝑙{𝑖,𝑗}  
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https://www.nps.gov/jeff/index.htm
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