
Answer on Question #69288-Physics-Other 

For a weakly damped harmonic oscillator, the instantaneous displacement is given by 

𝑥𝑥(𝑡𝑡)  =  𝑎𝑎0𝑒𝑒𝑥𝑥𝑒𝑒(−𝑏𝑏𝑡𝑡) 𝑐𝑐𝑐𝑐𝑐𝑐(𝜔𝜔𝑑𝑑𝑡𝑡 + 𝜙𝜙). 

Calculate its average energy 

Solution 

𝑣𝑣(𝑡𝑡) =
𝑑𝑑
𝑑𝑑𝑡𝑡
𝑥𝑥(𝑡𝑡) = −𝑏𝑏 𝑎𝑎0𝑒𝑒𝑥𝑥𝑒𝑒(−𝑏𝑏𝑡𝑡)𝑐𝑐𝑐𝑐𝑐𝑐(𝜔𝜔𝑑𝑑𝑡𝑡 + 𝜙𝜙) −𝜔𝜔𝑑𝑑𝑎𝑎0𝑒𝑒𝑥𝑥𝑒𝑒(−𝑏𝑏𝑡𝑡) 𝑐𝑐𝑠𝑠𝑠𝑠(𝜔𝜔𝑑𝑑𝑡𝑡 + 𝜙𝜙). 

𝐸𝐸 =
𝑘𝑘𝑥𝑥2

2
+
𝑚𝑚𝑣𝑣2

2
 

For a weakly damped harmonic oscillator 

𝑏𝑏 ≪ 𝜔𝜔𝑑𝑑 

Velocity with weak damping: 

𝑣𝑣(𝑡𝑡) ≈ −𝜔𝜔𝑑𝑑𝑎𝑎0𝑒𝑒𝑥𝑥𝑒𝑒(−𝑏𝑏𝑡𝑡) 𝑐𝑐𝑠𝑠𝑠𝑠(𝜔𝜔𝑑𝑑𝑡𝑡 + 𝜙𝜙). 

𝐸𝐸 =
𝑘𝑘
2
𝑎𝑎02𝑒𝑒𝑥𝑥𝑒𝑒(−2𝑏𝑏𝑡𝑡) cos2(𝜔𝜔𝑑𝑑𝑡𝑡 + 𝜙𝜙) +

1
2
𝑚𝑚𝜔𝜔𝑑𝑑

2𝑎𝑎02𝑒𝑒𝑥𝑥𝑒𝑒(−2𝑏𝑏𝑡𝑡) sin2(𝜔𝜔𝑑𝑑𝑡𝑡 + 𝜙𝜙) 

The average energy is 

𝐸𝐸 =
1
2
𝑘𝑘𝑎𝑎02𝑒𝑒−2𝑏𝑏𝑏𝑏  
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