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−mg sin θ + µN = mrθ̈

N −mg cos θ = mrθ̇2. `1a
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θ̈ − µθ̇2 =
g

r
(µ cos θ − sin θ). `2a
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dv2

dθ
− 2µv2 = 2gr(µ cos θ − sin θ). `3a
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mg sin θ0 ≤ µmg cos θ0 ⇒ µ ≥ tan θ0. `10a
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