
Second Order System Response

System Transfer Function

The transfer function 𝐻(𝑠) for a second-order system is:

𝐻(𝑠) = 𝜔2
𝑛

𝑠2 + 2𝜁𝜔𝑛𝑠 + 𝜔2𝑛

where:

• 𝜁 is the damping ratio
• 𝜔𝑛 is the natural frequency

Response Types

The system exhibits three characteristic behaviors:

1. Underdamped (𝜁 < 1)

• System oscillates with decreasing amplitude
• Common in systems with insufficient damping

2. Critically Damped (𝜁 = 1)

• Fastest return to steady state without oscillation
• Optimal for many control applications

3. Overdamped (𝜁 > 1)

• Returns to steady state without oscillation
• Slower response than critically damped

System Response Examples
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(a) Underdamped Response (� = 0.3, �n = 2.0) (a) Critically Damped Response (� = 1.0, �n = 2.0)

(a) Overdamped Response (� = 1.5, �n = 2.0)
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