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molecular chain. The restoring force is, in general, some complicated function
of the displacement and perhaps of the particle’s velocity or even of some
higher time derivative of the position coordinate. We consider here only cases
in which the restoring force F is a function only of the displacement: F = F(x).

We assume that the function F(x) that describes the restoring force possesses
continuous derivatives of all orders so that the function can be expanded in a
Taylor series:

dF 1 d’F 1 d*F

) = = Bl ¥ el . ¥ hadid

Hx) = Fy, + x(dx)o + o1 x (dx2 )o + al x (dxg )ﬂ + (3.1
dF 1 d’F 1 d*F

; _ 2 3 ..

x) F0+x( )0+2!x ( 2)ﬂ+3!;wc ( ﬂ)ﬂ+ (3.1)

where F, is the value of F(x) at the origin (x = 0), and (d"f/dx"), is the value of
the nth derivative at the origin. Because the origin is defined to be the equilib-
rium point, ¥, must vanish, because otherwise the particle would move away from
the equilibrium point and not return. If, then, we confine our attention to dis-
placements of the particle that are sufficiently small, we can normally neglect all
terms involving x* and higher powers of x. We have, therefore, the approximate
relation

Fx) = —kx (3.2)

approximation is a linear force.
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Physical systems described in terms of Equation 3.2 obey Hooke’s Law.* One
of the classes of physical processes that can be treated by applying Hooke’s Law is
that involving elastic deformations. As long as the displacements are small and the
elastic limits are not exceeded, a linear restoring force can be used for problems
of stretched springs, elastic springs, bending beams, and the like. But we must em-
phasize that such calculations are only approximate, because essentially every real
restoring force in nature is more complicated than the simple Hooke’s Law force.
Linear forces are only useful approximations, and their validity is limited to cases in
which the amplitudes of the oscillations are small (but see Problem 3-8).
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Note that the period of the simple harmonic oscillator is independent of the
amplitude (or total energy); a system exhibiting this property is said to be
isochronous.
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Example

Find the angular velocity and period of oscillation of a solid sphere of mass m
and radius R about a point on its surface. See Figure 3-1.
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