
 𝑓 =  −𝑘(𝑥 − 𝑙0)𝑢⃗⃗𝑥

 𝑓 =  −𝑘(𝑥𝐻 − 𝑥 − 𝑙0)(−𝑢⃗⃗𝑥)

 𝑓 =  −𝑘(𝑥 −  𝑥𝐻 − 𝑙0)𝑢⃗⃗𝑥

 𝑓 =  −𝑘(−𝑧 − 𝑙0)(−𝑢⃗⃗𝑧)

 𝑓 =  −𝑘(𝑧 − 𝑙0)𝑢⃗⃗𝑧

 

𝑓1 =  −𝑘(𝑥1 − 𝑙0)𝑢⃗⃗𝑥

𝑓2 =  −𝑘′(𝑥2 − 𝑥1 − 𝑙′
0)(−𝑢⃗⃗𝑥) 𝑘′(𝑥2 − 𝑥1 − 𝑙′

0)𝑢⃗⃗𝑥 

𝑓3 =  −𝑘 (𝑥2 − 𝑥1 − 𝑙′
0)𝑢⃗⃗𝑥 

 

 

 

1.   
2.  

∑ 𝐹⃗ =  𝑇⃗⃗ + 𝑃⃗⃗ = 𝑚𝑎⃗ 

(
0

−𝑘𝑦
) +  (

0

𝑚𝑔
) = (

0

0
) 

 𝑙𝑒𝑞

−𝑘(𝑙𝑒𝑞 − 𝑙0) + 𝑚𝑔 =  0 

𝑙𝑒𝑞 = 𝑙0 +
𝑚𝑔

𝑘
 

 

(
0

−𝑘(𝑦 + 𝑙𝑒𝑞 − 𝑙0)
) +  (

0

𝑚𝑔
) = 𝑚 (

𝑥̈

𝑦̈
) 

𝑇⃗⃗

𝑃⃗⃗



4. En utilisant la deuxième ligne de l’équation précédente :  

𝑘(𝑦 + 𝑙𝑒𝑞 − 𝑙0) + 𝑚𝑔 = 𝑚𝑦̈ 

5.  
 

−𝑘 (𝑦 + 𝑙0 +
𝑚𝑔

𝑘
− 𝑙0) + 𝑚𝑔 = 𝑚𝑦̈ 

−𝑘𝑦 = 𝑚𝑦̈ 

𝑦̈ +
𝑘

𝑚
𝑦 = 0 

𝑦̈ + 𝜔0
2𝑦 = 0 

𝜔0 = √
𝑔

𝑙

 

𝑦(𝑡) = 𝐴 cos(𝜔0𝑡) + 𝐵 𝑠𝑖𝑛(𝜔0𝑡) 

𝑦(0) = 𝐴 cos(0) + 𝐵 𝑠𝑖𝑛(0) = 𝐴 =
3

2
𝑙0 

 𝑦̇(0) = 0 

𝑦̇(0) = −𝐴 𝜔0sin(0) + 𝐵𝜔0 𝑐𝑜𝑠(0) = 𝐵𝜔0 = 0 

𝑦(𝑡) =
3

2
𝑙0 cos(𝜔0𝑡)



 

2.  

∑ 𝐹⃗ =  𝑇⃗⃗ + 𝑃⃗⃗ = 𝑚𝑎⃗ 

(
−𝑇

0
) +  (

𝑚𝑔𝑐𝑜𝑠𝜃

−𝑚𝑔𝑠𝑖𝑛𝜃
) = 𝑚 (

𝑟̈ − 𝑟𝜃̇2

2𝑟̇𝜃̇ + 𝑟𝜃̈
)

 

−
𝑇

𝑚
+ 𝑔𝑐𝑜𝑠𝜃 = 𝑟̈ − 𝑟𝜃̇2 

−𝑔𝑠𝑖𝑛𝜃 = 2𝑟̇𝜃̇ + 𝑟𝜃̈

 𝑢𝜃⃗⃗ ⃗⃗⃗

𝑠𝑖𝑛𝜃 ≈ 𝜃

−𝑔𝜃 = 2𝑟̇𝜃̇ + 𝑟𝜃̈

−𝑔𝜃 = 𝑙𝜃̈

𝜃̈ +
𝑔

𝑙
𝜃 = 0

𝜔0 = √
𝑔

𝑙

 

𝜃(𝑡) = 𝐴 cos(𝜔0𝑡) + 𝐵 𝑠𝑖𝑛(𝜔0𝑡)

𝜃(𝑡) =  𝜃0

𝜃(0) = 𝐴 =  𝜃0

𝜃̇(𝑡) =  0

𝜃̇(0) = 𝐵𝜔0𝑐𝑜𝑠(𝜔0𝑡) = 0

𝜃(𝑡) = 𝜃0 cos(𝜔0𝑡)

𝑇⃗⃗

𝑃⃗⃗



 

 

𝑓 =
1

2𝜋
√

𝑘

𝑚𝐻
=

1

2𝜋
√

𝑁𝐴𝑘

𝑀𝐻
  

𝑘 =
4𝜋2𝑓2𝑀𝐻

𝑁𝐴
= 4,7.102𝑁/𝑚 

 

 

𝐸𝑡𝑜𝑡𝑎𝑙𝑒 =  𝐸𝐶 =
1

2
ℎ𝑓 =

1

2
 𝑚𝐻𝑣²𝑚𝑎𝑥 

𝑣𝑚𝑎𝑥 = √
ℎ𝑓𝑁𝐴

𝑀𝐻
= 5,8.

103𝑚

𝑠
 

 

 

 

𝐸𝑡𝑜𝑡𝑎𝑙𝑒 =  𝐸𝑝𝑒 =
1

2
ℎ𝑓 =

1

2
𝑘𝐴2 =

1

2

4𝜋2𝑓2𝑀𝐻

𝑁𝐴
 𝐴2 

 

𝐴 =  √
ℎ𝑁𝐴

4𝜋2𝑓2𝑀𝐻
= 1,1. 10−11𝑚 = 11𝑝𝑚 


