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R Fig. 2-T4

M and length L which is

uniform rod of mass by s ae of

2 all masa m is free to slide on a homogencous ¥ sedtlon
" ?\t\:::;i at one end as shown in Fig. 2-T4 above. Derive the equations of m
Lagrange's equation. .
Ans, (ML 4 mrY) ¢+ 2mrrd — (mr+ML)gcose = 0

My~ me'y 4 mg(l —sine) = 0

3. A circular homogeneous cylinder of mass M and radius R rolls without slipping inside a circular
surface of radius 38. A small mass m, connected by two equal springs of modulus k, is initially at the
center of the eylinder at the equilibrium position as shown in Fig. 2-76 below. Derive expressions for
the equations of motion of the system by the use of Lagrange's equation.

Ans. (MR 4+ Jy + mRY) ¥ + 2(M + m)gRe + 2mRY¥ — 2mgr = 0
mr 4 2hr + 2mR o — Zmge = 0
where Ji is the moment of inertia of the cylinder.
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Fig. 2-75 Fig. 2-76

is a function of the displacement, i.e. F(¢) = Determine the equations of motion of the particle
by the use of Lagrange’s equation. e '
Ans. ro+2re = 0 ¥

mr 4+ k/r — mrit = 0

A particle of mass m is moving on a horizoane under the action of an attractive force which

75. The block of mass M moves along a smooth horizontal plane, and carries a simple pendulum of
length L and mass m as shown in Fig. 2-76 above. Two equal springs of modulus k are connected to
" the pendulum at point A. Determine the equations of motion describing small oscillation of the system

about the equilibrium position by the use of the Lagrange’s equation.

Ans. (M +m)x + 2kz + mL ¢ + 2aks = 0

mL' ¢ + (mgL + 2ka%)e + mL % + 2akz = 0
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1. Use Lagrnnge's equation to derive the equi
tiong of motion for the coupled pendulum an
shown in Fig. 2 a8,

e aan

A
B SR

a2l A double pendulum of lengths Ly and La, masses miy, and my is shown in Vig, 225 1w«
Lagrange's equation to derive the equations of motion.

26. A circular cylinder of radius » and mass m rolls without slipping inside a semi-circular
groove of radius . Block M is supported by & spring of constant k and constrained
to move without friction in the vertical guide as shown in Fig. 2-30. By the use of
Lagrange's equation, find the equations of motion of the system.
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25. A solid homogeneous .cylinder of mass M and radius r rolls without slipping on a cart
of mass m as shown in Fig. 2-29. The cart, connected by springs of constants k, and

ks, is free to slide on a horizontal surface. B i
’ . X y the use of Lagrange’ 2
the equations of motion of the system. granges equation, find

Fig.2-23

e Z3

27. Fig. 2-32 shows a two-degree-of-freedom spring-mass system u'rith dan'fping. Determine
the equations of motion of the system by the use of Lagrange’s equation.

Z ki I = ks l z’l ks
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29. Two masses m, and m. are attached to a rigid
weightless bar which is supported by springs
ky and k. and dashpot ¢ as shown in Fig. 2-34.
If the motion of the bar is restricted to the,
plane of the paper, determine the equations
of motion of the system by the use of La-
grange's equation.
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