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Free undamped oscillations
only elastic (reaction) force exists → constant amplitude

characteristics: stiffness, angular frequency, period, phase

displacement of amplitude, velocity and acceleration

initial phase

solution
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Free damped oscillations
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elastic force + damping force → decreasing amplitude in time

solution

HRW-Ch15



characteristics: damping ratio 𝛽𝛽 = 𝑦𝑦𝑖𝑖
𝑦𝑦𝑖𝑖+1

= 𝑒𝑒𝑏𝑏𝑏𝑏

logarithmic decrement 𝛿𝛿 = ln𝛽𝛽 = 𝑏𝑏𝑏𝑏

angular velocity 𝜔𝜔1 = 𝜔𝜔02 − 𝑏𝑏2

period 𝑏𝑏 = 2𝜋𝜋

𝜔𝜔0
2−𝑏𝑏2
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Forced oscillations
elastic force + damping force + excitation by a harmonic force
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= = − − + 𝐹𝐹0sinΩ𝑡𝑡
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2 2 0d y dyb y
dt dt

ω+ + =
𝐹𝐹0
𝑚𝑚 sinΩ𝑡𝑡

solution 𝑑𝑑 = 𝑑𝑑ℎ + 𝑑𝑑𝑝𝑝
𝑑𝑑ℎ = 𝐴𝐴ℎ𝑒𝑒−𝑏𝑏𝑏𝑏 sin(𝜔𝜔𝑏𝑏𝑡𝑡 + 𝜑𝜑0)

𝑑𝑑𝑝𝑝 = 𝐴𝐴𝑣𝑣 sin(Ω𝑡𝑡 + Ψ0)

𝐴𝐴𝑣𝑣2 =

𝐹𝐹0
𝑚𝑚

2

4𝑏𝑏2Ω2 + (𝜔𝜔02 − Ω2)2

resonance of amplitude 𝜴𝜴𝒓𝒓 = 𝝎𝝎𝟎𝟎
𝟐𝟐 − 𝟐𝟐𝒃𝒃𝟐𝟐

𝐴𝐴𝑣𝑣

Ω
𝜔𝜔0

𝑏𝑏1

𝑏𝑏2 > 𝑏𝑏1

𝑏𝑏3 > 𝑏𝑏2
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