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Damped and Forced Oscillations – Quick Revision (9702)

 1   Damping

 ▸ Definition (Cambridge style)
Damping is the reduction in amplitude of oscillations due to a resistive force that removes energy from the system.

→  The resistive force is usually proportional to velocity.
→  Mechanical energy is converted into thermal energy.

 ▸ Types of Damping

1. Light Damping (Underdamping)
• Amplitude gradually decreases with time
• Oscillations continue
• Energy decreases slowly
Displacement–time graph: Exponentially decreasing sinusoidal curve.

2. Critical Damping
• System returns to equilibrium in the shortest possible time
• No oscillations
• No overshoot
Displacement–time graph: Smooth curve returning to zero without oscillating.

3. Heavy Damping (Overdamping)
• No oscillations
• Returns to equilibrium slowly
• Slower than critical damping
Displacement–time graph: Slow exponential return to zero.

 2   Forced Oscillations

 ▸ Definition
Forced oscillations occur when an external periodic force is applied to a system.

• The system oscillates at the driving frequency
• Energy is supplied continuously
• Amplitude depends on:

– Driving frequency
– Amount of damping

 3   Resonance

 ▸ Definition (Exam Standard – 9702)
Resonance occurs when the driving frequency equals the natural frequency of the system, resulting in maximum 
amplitude of oscillation.

 ▸ Key Conditions for Resonance
• Driving frequency = Natural frequency
• Energy transfer is maximum
• Amplitude is maximum
• Phase difference = 90° at resonance
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 ▸ Effect of Damping on Resonance

Damping Amplitude at Resonance Sharpness of Peak

Light damping Large amplitude Sharp peak

Heavy damping Small amplitude Broad peak

→  Less damping → Higher and sharper resonance peak.

 4   Important Graphs for Paper 2 & 4

 ▸ Amplitude vs Frequency Graph
• Shows resonance peak
• Peak becomes:

– Higher and sharper with less damping
– Lower and broader with more damping

 ▸ Phase Difference vs Frequency
• Low frequency → phase difference ≈ 0°
• At resonance → 90°
• High frequency → 180°
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