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Problem 1

As shown in Figure 1, 2 mess m is nttached (o one end of o higlt rod of lexgth £ The other cnd uf
the rod is pivoted so that the rod can swing i a plone. The pivol rotatex in the same plane at
angular velocily o in 8 circle of radlus R. Assurie thal gravity ¢ scts i the negatve y dires tiusn
Use Lagrangian analysis to find the equations of motion af the 1nss

int, Take 0 os tho generalized coordlnate. Find Whe position of (e urass (1. y) ax o funetion of 4,
Then calendnte tho kinetic energy 7 and potentind energy V oof the s

Figure ): Plvoted Pendulumn

Referenees:

|1] Culkin. Lagrangian and lambionian Moechantes, Clpter 11} Proble 3, p 6, Work!
Scientific, 1006,

|2] Culkin, Lagrangiun and Hunlwonian Mechoanies, Solutions 1o the Exarcise, Chupter 1)),
Exer bse 3,08, pp 53-54, World Selentifie, 1994

|3] Greenwood, Principles of Dynamic, Chapter 6, Problein 6-6, p 276-77, Prenuce-llalk. 1905,
[4] iK1 OCW, Assignment #6, Problem 3, 2003,

Problem 2

As show in Figurd?2, a spring pendulwn is attached to a rotatipg shali by an arm of length J.
Thc spring sliffness & &, the pendulum mwss is m. and gravily acts m the minus Z direction. The
rest length of the pendulum is rg = L. The shaft is rorming with eopstant angnlar velneity 1. Lat
the generalized coordinotes g be g = (8. r). where 8 15 1he angle the pendulum makes with the
vertical, and r Iy the distance from the pendulum pivor (6 the location of the mass. Use
Lagrangian techniques to find the equations of motion.

References:

[1] 16.61 OCW, Assignmen( #3. Problens 1, 2003.

[2] 16.61 OCW, Assignment #4. Problem 1, 2003.

[3] 16 61 OCW, Assignment 8. Problera 1. 2003,

Figure 2: Swinging Pendulbm

Problem 3

A sphere of mass M and radius R rolls withoul alipping down a trinngular block of musy e that
& frce (6 1ove on a frictionless horizontal surface, as shown in Figure 3. The comter ol the sphere
= initially located a distance £q from the top of the block, and the center of the sphere is mitially
at a height J sbove (be horizontal surface. The sphere’s moment of inertia s 7 Find the
Lagrangian and Lugrange's equations of moUon for this systent

Llint: Take (z,8) as the generalized ccordinates, Find the position of the center of te sphiere
{r.y)ay a lunction of . o K. 6 and M. Then colculate the kinetic energy T and potential energy
V of the sphere ((ranzlntional AND rotational!) snd the block.

Refercnees:

(1} Lim, Problemns sud Solutions on Mechanies, Part 31, Scetion 1, Prohlem 20022 (110 Berkeley
Phyries PhD Exam Question), p 506-308, World Scientific 1t91,

y
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Figure R: Sphere on Wedge
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