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The solution for greater values of ¢ may be written down in" 4
manner. It is noted that at 3 ._ g 3.5)

24 A b .
t=T X=—a+-— 1 since there is no loss of energy from the system, we must have
w '

44 - C (3.6)
t=2T xX=a—— etc. ; o
¥ : a constant representing the total energy. Hence, substituting
That is, each successive swing is 24/w? shorter than the preceding one 3.5) into (3.6), we have
moans should be continued until one o.w the swings lies inside {] _ cos ) + yms? 62 =C 3.7
region x = +4/w?  In such a case the motion stops. , ¥ :
termine the constant C, let us assume that 0 = 6, is the maximum

f swing so that
3 THE FREE OSCILLATIONS OF A PENDULUM

As another simple example of a nonlinear dynamical system, let us d , when 0 = o S
the motion of the simple pendulum of Fig. 3.1. Figure 3.1 repres
particle of mass m suspended from a fixed point O by a massless inexte ;
rod of length s, free to oscillate in the plane of the paper under the influent gs(1 — cos o) 6=
gravity. If the pendulum is displaced by an angle 6 from its posit !
equilibrium as shown in the figure, then the potential energy of the systei i
is the work done against gravity to lift the mass of the pendulum a distan 1—cos0) + M%.N = g(1 —cos by) (3.10)
given by

h=s(1—cosb)
g
Hence the potential energy is 4 =—(Cos 0 — cos ) (3.11)

 this condition into (3.7), we have

ave

V = mgs(l — cos 0) tain the equation of motion, we differentiate (3.11) with respect

The kinetic energy of motion of the pendulum is given by

T =jmv? sin 66 , (3.12)
where v is the linear velocity of the pendulum. In terms of the angle e
masmuo (3.13)
quation of motion, and Eq. (3.11) is its first integral.
1on (3.13) is a nonlinear differential equation because of the

f the trigonometric function sinf. In the theory of small oscil-
Pendulum we expand sin  into a Maclaurin series of the form

LA (3.14)

(3.15)
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