
Tutorial: 2nd order linear differential equations

For each of the systems below, find

• the complementary function

• the particular integral

• the full general solution

and sketch the response.

Find the damping ratio and, if the system is
under-damped (ζ < 1), the frequency and
amplitude of oscillation.

ẍ+ ẋ+ x = 0 x(0) = 1 ẋ(0) = 0(1)

ÿ + 2ẏ + y = 0 y(0) = 1 ẏ(0) = 0(2)

z̈ + 3ż + z = 0 z(0) = 1 ż(0) = 0(3)

ṗ+ p = 0 p(0) = 1 ṗ(0) = 0(4)

q̈ + q = 0 q(0) = 1 q̇(0) = 0(5)

θ̈ + 2θ̇ + θ = t θ(0) = 0 θ̇(0) = 0(6)

φ̈+ 3φ̇+ φ = e−3t φ(0) = 2 φ̇(0) = 0(7)

ψ̈ + 4ψ̇ + ψ = cos 2t ψ(0) = 0 ψ̇(0) = 0(8)
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