CHAPTER 1. THE EQUATIONS OF MOTION §5 PROBLEM 2.

PROBLEM 2.

Find the Lagrangian of a simple pendulum of mass ms, with a mass m; at the point of support
which can move on a horizontal line lying in the plane in which ms moves when placed in a uniform
gravitational field (acceleration g).

SOLUTION: The generalized co-ordinates ¢ of the system are the position x and the angle ¢. There-
fore, the Lagrangian of the first particle is simply

1
L1 = T1 = §m1$2. (13)

The Cartesian position of the particle my can be express in terms of the generalized co-ordinates by
T2 = fo(z,$) =z +Ising
Y2 = g2(z,¢) = lcos ¢.

The time derivative of the position is then

Z—'k—x—kl(ﬁcosqﬁ

Z 8i fld.) sin ¢.
k

L2:T27U2

1 . .
= §m2($§ + 93) + magyo

1 . .
= gmz (@2 + 129 4 2li¢ cos @) + magl cos ¢. (1.4)

Finally, the Lagrangian of the complete system is the sum of the two Lagrangian Eq. (1.3) and Eq. (1.4),
thus

ANSWER TO PROBLEM 2.

1 1 . .
L= §(m1 +mg)i? + §m2(l2¢2 + 2lz¢ cos ¢) + magl cos ¢
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