
Using Differential Equations to Solve for T
for a Spring System

F = ma∑
−kx = ma
0 = ma + kx

0 = m d 2x
dt2 + kx

substituting d
2x
dt2 = −ω 2xmax cos(ωt +φ) and x = xmax cos(ωt +φ) :

0 = −mω 2xmax cos(ωt +φ)+ kxmax cos(ωt +φ)
canceling xmax cos(ωt +φ) from both terms:
0 = −mω 2 + k
solving for ω :
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0 = kxv +mva
cancel out v[ ]

0 = kx +ma

0 = kx +m d 2x
dt2

same as when you start with F = ma∑⎡⎣ ⎤⎦

Using Differential Equations to Solve for T
for a Spring System
(Energy Approach)



Using Differential Equations to Solve for T
for a Torsion Pendulum

τ = Iα∑
−κθ = Iα
0 = Iα +κθ

0 = I d
2θ
dt2 +κθ

substituting d
2θ
dt2 = −ω 2θmax cos(ωt +φ) and θ =θmax cos(ωt +φ) :

0 = −Iω 2θmax cos(ωt +φ)+κθmax cos(ωt +φ)
canceling θmax cos(ωt +φ) from both terms:
0 = −Iω 2 +κ
solving for ω :

ω= κ
I

f = 1
2π
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Using Differential Equations to Solve for T
for a Simple Pendulum

τ = Iα∑
−mgl sinθ = Iα
0 = Iα +mgl sinθ

0 = I d
2θ
dt2 +mgl sinθ

for small angles, θ ≈ sinθ :

0 = I d
2θ
dt2 +mglθ

subsituting: d
2θ
dt2 = −ω 2θmax cos(ωt +φ) and θ =θmax cos(ωt +φ) :

0 = −Iω 2θmax cos(ωt +φ)+mglθmax cos(ωt +φ)
canceling: θmax cos(ωt +φ) from both terms:
0 = −Iω 2 +mgl
for a small object, far from the pivot: I = ml2

0 = −ml2ω 2 +mgl
canceling ml from both terms:
0 = −lω 2 + g

ω = g
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Using Differential Equations to Solve for T
for a Physical Pendulum

τ = Iα∑
−mgdcm sinθ = Iα
0 = Iα +mgdcm sinθ

0 = I d
2θ
dt2 +mgdcm sinθ

for small angles, θ ≈ sinθ :

0 = I d
2θ
dt2 +mgdcmθ

subsituting: d
2θ
dt2 = −ω 2θmax cos(ωt +φ) and θ =θmax cos(ωt +φ) :

0 = −Iω 2θmax cos(ωt +φ)+mgdcmθmax cos(ωt +φ)
canceling: θmax cos(ωt +φ) from both terms:
0 = −Iω 2 +mgdcm

ω = mgdcm
I

f = 1
2π
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