
Higher Order ODE Models

Undamped motion

𝑑2𝑥

𝑑𝑡2 + ω2𝑥 = 0

Where ω2 = 𝑘/𝑚

General solution:

𝑥(𝑡) = 𝑐
1
𝑐𝑜𝑠(ω𝑡) + 𝑐

2
𝑠𝑖𝑛(ω𝑡)

Can be rewritten as 𝑥 = 𝐶𝑐𝑜𝑠(ω𝑡 − γ)

Where and𝐶 = 𝑐
1

2 + 𝑐
2

2 γ = 𝑡𝑎𝑛−1( 𝐵
𝐴 )

Free Damped Motion

𝑚 𝑑2𝑥

𝑑𝑡2 + β 𝑑𝑥
𝑑𝑡 + 𝑘𝑥 = 0 ⇒  𝑑2𝑥

𝑑𝑡2 + β
𝑚

𝑑𝑥
𝑑𝑡 + 𝑘𝑥

𝑚 = 0 

Where is the damping constantβ

Driven Motion

𝑚 𝑑2𝑥

𝑑𝑡2 + β 𝑑𝑥
𝑑𝑡 + 𝑘𝑥 = 𝑓(𝑡)

Where is the driving motion𝑓(𝑡)

LRC-Series Circuits

𝐿 𝑑2𝑞

𝑑𝑡2 + 𝑅 𝑑𝑞
𝑑𝑡 + 1

𝐶 𝑞 = 𝐸(𝑡)

𝑑𝑞
𝑑𝑡 = 𝑖


