
53. If the torque exerted by the spring on the rod is proportional to the angle of rotation of the rod and
if the torque tends to pull the rod toward its equilibrium orientation, then the rod will oscillate in
simple harmonic motion. If τ = −Cθ, where τ is the torque, θ is the angle of rotation, and C is a
constant of proportionality, then the angular frequency of oscillation is ω =

√
C/I and the period is

T = 2π/ω = 2π
√

I/C, where I is the rotational inertia of the rod. The plan is to find the torque as a
function of θ and identify the constant C in terms of given quantities. This immediately gives the period
in terms of given quantities. Let 	0 be the distance from the pivot point to the wall. This is also the
equilibrium length of the spring. Suppose the rod turns through the angle θ, with the left end moving
away from the wall. This end is now (L/2) sin θ further from the wall and has moved (L/2)(1 − cos θ)
to the right. The length of the spring is now

√
(L/2)2(1 − cos θ)2 + [	0 + (L/2) sin θ]2. If the angle θ

is small we may approximate cos θ with 1 and sin θ with θ in radians. Then the length of the spring
is given by 	0 + Lθ/2 and its elongation is ∆x = Lθ/2. The force it exerts on the rod has magnitude
F = k∆x = kLθ/2. Since θ is small we may approximate the torque exerted by the spring on the rod
by τ = −FL/2, where the pivot point was taken as the origin. Thus τ = −(kL2/4)θ. The constant of
proportionality C that relates the torque and angle of rotation is C = kL2/4. The rotational inertia for
a rod pivoted at its center is I = mL2/12, where m is its mass. See Table 11–2. Thus the period of
oscillation is

T = 2π

√
I

C
= 2π

√
mL2/12
kL2/4

= 2π
√

m

3k
.
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