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Mass on a spring 
 

𝑥𝑥 – displacement from equilibrium 

 
 

 

 

Spring force 
Direction: Restoring 
Magnitude: ∝ Displacement 
 

𝑎𝑎𝑥𝑥 =
Σ𝐹𝐹𝑥𝑥
𝑚𝑚

 

𝑎𝑎𝑥𝑥 =
−𝑘𝑘|Δ𝑥𝑥|
𝑚𝑚

  

 𝑎𝑎𝑥𝑥 =
−𝑘𝑘𝑘𝑘
𝑚𝑚

  

𝑎𝑎𝑥𝑥 = −
𝑘𝑘
𝑚𝑚
𝑥𝑥 

 

Ideal pendulum 
 

 

𝜃𝜃 – angular displacement 
from equilibrium 

 

Gravitational torque 
Direction: Restoring 
Magnitude: Approx. ∝ 
Angular displacement 
 

𝛼𝛼 =
Σ𝜏𝜏
𝐼𝐼

 

𝛼𝛼 =  
−𝑚𝑚𝑚𝑚𝑚𝑚 sin𝜃𝜃

𝑚𝑚𝐿𝐿2
  

𝛼𝛼 = −
𝑔𝑔
𝐿𝐿

sin𝜃𝜃 

 
For small angles,  

 

𝛼𝛼 ≈ −
𝑔𝑔
𝐿𝐿
𝜃𝜃 

 
 

  

𝜔𝜔2 =
𝑘𝑘
𝑚𝑚

 𝜔𝜔 – angular velocity of 
UCM that completes 
one lap in the same 
duration of time that 
SHM of interest 
completes one cycle 
of oscillation 

 

𝐴𝐴 – amplitude (maximum 
linear or angular 
distance from equilibrium) 

 

𝑇𝑇 – period (repetition time) 
When magnitude of restoring net force (torque) is 
∝ (angular) displacement, 𝑇𝑇 is independent of 𝐴𝐴 

 

𝑓𝑓 – frequency (oscillations per unit time) 

𝜔𝜔2 =
𝑔𝑔
𝐿𝐿

 

𝑥𝑥(𝑡𝑡) = 𝐴𝐴 cos��
𝑘𝑘
𝑚𝑚
𝑡𝑡 + 𝛿𝛿� 

= 𝐴𝐴 cos �
2𝜋𝜋
𝑇𝑇
𝑡𝑡 + 𝛿𝛿� 

𝜃𝜃(𝑡𝑡) = 𝜃𝜃MAX cos��
𝑔𝑔
𝐿𝐿
𝑡𝑡 + 𝛿𝛿� 

= 𝜃𝜃MAX cos�
2𝜋𝜋
𝑇𝑇
𝑡𝑡 + 𝛿𝛿� 

𝜔𝜔 =
2𝜋𝜋
𝑇𝑇

 
 

1
𝑓𝑓

= 𝑇𝑇 =
2𝜋𝜋
𝜔𝜔

= 2𝜋𝜋�
𝑚𝑚
𝑘𝑘

 

𝜔𝜔 =
2𝜋𝜋
𝑇𝑇

 

1
𝑓𝑓

= 𝑇𝑇 =
2𝜋𝜋
𝜔𝜔

= 2𝜋𝜋�
𝐿𝐿
𝑔𝑔

 

ΣMASS & SPRING𝑀𝑀𝑀𝑀 =
1
2
𝑚𝑚𝑣𝑣𝑥𝑥2 +

1
2
𝑘𝑘𝑥𝑥2 

ΣBOB & ⊕𝑀𝑀𝑀𝑀 =
1
2
𝑚𝑚𝑣𝑣TAN2 + 𝑚𝑚𝑚𝑚𝑚𝑚(1 − cos𝜃𝜃) 

 

ΣBOB & ⊕𝑀𝑀𝑀𝑀 ≈
1
2
𝑚𝑚𝑣𝑣TAN2 +

𝑚𝑚𝑚𝑚
2𝐿𝐿

(𝐿𝐿𝐿𝐿)2 
 


