
!." - Linear Models: Initial-Value Problems
Undamped motion:

Example: A mass weighing !" pounds stretches a spring " feet.
Determine the amplitude and period of motion if the mass is ini-
tially released from a point # foot above the equilibrium position
with an upward velocity of " $/s. How many complete cycles will
the mass have completed at the end of 4𝜔 seconds?
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Multiple springs in parallel: 𝜀e% = 𝜀1 + 𝜀2
Multiple springs in series: 𝜀e% = 𝜀1𝜀2𝜀1 + 𝜀2
Damped motion: 𝜗𝜛2𝜚𝜛𝜍2 = ω𝜀𝜚 ω 𝜑𝜛𝜚𝜛𝜍

multiple springs Hal Éd
beta

restoring
damping force

is

Ma proportional
to

force from instantaneous
spring velocity

In E In 0

let 2x Fm w

Aux egn solution M FEW
GI

2
w 70

t C el xtfwlttcze.tt felt
This does not oscillate
This system is overdamped



Driven motion: 𝜗𝜛2𝜚𝜛𝜍2 + 𝜀𝜚 + 𝜑𝜛𝜚𝜛𝜍 = 𝛻 (𝜍)
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𝜕ℵℶ-series circuit: 𝜕𝜛ℷ𝜛𝜍 + ℵℷ + 1ℶℸ = ⊳(𝜍), which is𝜕𝜛2ℸ𝜛𝜍2 + ℵ𝜛ℸ𝜛𝜍 + 1ℶℸ = ⊳(𝜍)

Example: Find the charge on the capacitor in an 𝜕ℵℶ-series circuit

when 𝜕 = 14 h, ℵ = 20 ε, ℶ = 1300 f, ⊳(𝜍) = 0 V, ℸ(0) = 4 C, andℷ(0) = 0 A. Is the charge on the capacitor ever equal to zero?

can be either underdamped

criticallydamped or overdamped




