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§ simple pendulum 單擺 

1. 數學傳播季刊 27 第二期 [單擺] 

http://web.math.sinica.edu.tw/math_media/d272/27205.pdf 

要真正了解單擺運動則有賴於橢圓函數。 

2. [An Introduction to Riemannian Geometry] by Leonor Godinho ＆ Jose Natario 

3. [Elementary Differential Equations and Boundary Value Problems]  

by William E. Boyce   Richard C. DiPrima 

 

上面的支撐點(樞軸點)稱為 pivoting point 
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運動方程式 
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運動方程式
2

2
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+ = 的解釋 

 

(一) sinF mg ma= − = ，所以 sina g = −  
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 很小時， sin   ，變成簡諧運動。 

§ 解微分方程 
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[Elementary Differential Equations and Boundary Value Problems] 

by William E. Boyce ＆   Richard C. DiPrima 

p.497 p.503 almost linear system  p.508   

1. The equation of motion of an undamped pendulum is 
2
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where 2 g
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 = 。Let ,
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x y
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(a) Show that the critical points are ( ,0), 0,1,2,...n n = ，and that the system 

is almost linear in the neighborhood of each critical point。 

(b) Show that the critical point (0,0) is a (stable)center of the corresponding 

linear system。The situation is similar to the critical points ( 2 ,0)n ，

n=1,2,3,…What is the physical interpretation of these critical points？ 
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(c) Show that the critical point ( ,0)  is an(unstable) saddle point of the 

corresponding linear system。What conclusion can you draw about the 

nonlinear system？The situation is similar to the critical points 

( (2 1) ,0), 1,2,3,...n n − = What is the physical interpretation of these 

critical points？ 

(d) Choose a value for 2 and plot a few trajectories of the nonlinear system in 

the neighborhood of the origin。Can you now draw any further conclusion 

about he nature of the critical point at (0,0) for the nonlinear system？ 

(e) Using the value of 2 from part(d)，draw a phase portrait for the pendulum。 
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參考 Lyapunov’s method 


