Homework 6
Due Tuesday 11/3/2009 at 5:30pm in my box in physics.

Fowles Problems
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10.12

10.19

10.26

10.27 Part (a) only



PROBLEMS

10.3

10.4

10.8

10.9

10.11

10.12

—

Find the acceleration of asolid unitorm sphere rolling down perfectly rough. fixed
inclined plane. Compare with the result derived earlier in Section S.6.

Two blocks of equal mass m are connected by a flexible cord. One block is placed on a
smooth horizontal table. the other blnck hangs over the edge. Find the acceleration of
the blocks and cord assuming (a) the mass of the cord is negligible and (b) the cord is
11();1\}'. of mass 1’

Set up the equations of motion of 4 “double-double™ Atwood machine consisting of
one Atwood machine with masses neand i, connected by means of o light cord
passing over a pullev to a second Atwood machine with nusses i, sand i, Ienore

the masses of all pullevs. Find the accelerations for the case m, = ;. My = dng

mes = 2meand g, = g

A ball of mass m rolls dovn a movable wedge of mass M. The angle of the wedge is 4.
and it is free to slide on 4 smooth horizontal surface. The contact between the ball and
the wedge is pertecth rough. Find the acceleration of the wedge.

A particle slides on 4 smooth inclined plane whose inclination ¢ is increasing at 4 con-
stant rate w. If 6§ = 0 at time ; = 0. at which time the particle starts from rest. find the
subsequent motion of the particle.

Show that Lagrange’s method automat callvvields the correct equations of motion for
a particle moving in a plane in a rotating coordinate svstem Oxy. i Hint: T = - mv .y,
where v = jiy — @y + jly + wyi and F o= =0\ox, F o= —dl/ay.

Repeat Problem 10.5 for motion in three dimensjons.

Find the differential equations of motion for an “elastic pendulum”. 4 particle of mass
m attached to an elastic string of stiffness K and unstretched length /. Assume tiat
the motion takes place in a vertical plane.

A particle is free to slide along a smooth eveloidal trouglh whose surface is given by
the pardametric cquations

{
= 26+ sin 20
4

%

=1 = cos 26

4
where 0 <6 = 7 and g is aconstant. Find the Lagrangian function and the equation
of motion of the particle.
Asimple pendulum of length  and mass i is suspended from a point on the cir-
cumference of a thin masslesg disc of radius @ that rotates with a constant angular
velocity w about its central axis as shown in Figure P10.12. Find the equation of no-
tion of the mass .

Figure P10.12




10.14
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A Dead 0f truiss 1 comsuaine o dide along athin. cirenlar hoop of radius [ that ro-

:
fabes with consiant airgidist oo w i a honzontal plane abont @ pont onts v as

shiovwiin b

Figure P10.13

(a) Find Lagranges equation of motion tor the bead

(b) Show that the bead oscillates like a p«;‘nd\ﬂmn about the point en the rim dia-
metrically opposite the point abont which the hoop rotates

(¢) Whatisthe etfective ~lengthof this "pwmhlhm;"#
The point of support of w simple pon(h,\hlm is being elevated at a constant accelera-
ton «. so that the height of the support is 2 a2 and its vertical velocityis af. Find the
differential equation of motion tor small oscillations of the pend\llnm by Lagrange's
method. Show that the penod of the pendulmn samilig—a T where {is the length
of the pt*ndu]um,

Work Problemt .12 by using the method of Lagrange multipliers. (a) Show that the
acceleration of the ball is 24 (b) Find the tension in the string.

A heavy elastic spring of unitorm stiffness and density supports a Bock of mass ne 1F
' is the mass of the spring and k its stiffness. show that the period of vertical oscil-
lations is

This problen: shows the eftect of the nass of the springon the pt’nod of oscillation
Hint: Tosct ep the [41(_'7‘(mgz'zznfun(‘fi(mﬁ'r the systent assine that the velocity of

any part of the spring is ;Jm;w‘fimm!’ to its distanee from the point of suspension.
Use the method of Lagrange multipliers to find the tensions in the two strings ot the
double Atwood machine of Examiple 1054

3 smooth rod of length [ rotates in « plane with « constant anguiar velocity @ about an
axis fised at one end of the rod and pm’peﬂdiculm‘ to the plane of rotation. A bead of
Inass i is initially positioned at the stationary end of the rod and given aslght push
such that its initial speed directed alony the rod i wl.

(a) Find the time it tukes the bead to reach the other end of the rod.

(b) Use the method of Tagrange multiphers to find the reaction toree F that the rod
exerts on the bead

A part'\cle 07 mass i perched on top of & smooth hemisphere of radius « i~ disturbed

ever so slightly. so that it begins to slide down the side. Find the normal force of con-

straint exerted by the hemisphere on the particle and the angle relative to the verti-

cal at which it leaves the hemisphere. Use the method of Lagrange multipliers.
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vields the correct equation ot motion where B = ¥ X AL Tl QUAntitv A caned e
veetor potential. Hint I this problend it will be HECOSNUPT LG chpton the coner
nada df xoyos de = ¢ O Ax = af dy ~ 2 af an
we lare
d
dt

Tl for part ol v AL

dla 1
TR m g - =y

a ({f ("\ ) ! o k/r ’

and stuularly for the other devicatives,
10.26 ) Write the Hamiltonian funetion and find Hamil

tons canonice! cauations for the
three-dimens onal motion of a Droject:le

Sinvunitori gravtational field with o
resistance. Show that these eqguations lead to i

Sne cquadions of ot s tonnd
in Section 4.3

10.27 Y Find Hamiloss canonical equations tor
(@) A simple pendulum
(b) A simple Atwood muchine
(e} A particle sliding down « smooth inclined plane

10.28 A particle of mass i is subject to a central. attractive foree aiven by

where & and £ are positive caustants. 7 is the tene and ris d

Istanice to the center ot
force. (a) Find the Hamiltonian function for the purticl

¢ (b) Conpare the Hamil-
tonian to the total energy of the particle. (¢) Is the energy of the particle consered®
Discuss.

10.29  Two particles whose masses are ity and v are conmected by onssless sprivg of un-
stressed leneth [ and spring constant k- The svstem is free (o rotate and vibraze on top %
of & smooth horizontal plane that serves as its support. (a) Fiud the Hamiltorcan of b
the svsten (bY Find Hamilton's equations of motion. (o) What generaized 1 omenta
itanv are conserved?
10.30  Aswe know. the kinetic energy of a particle in one-dimension.d -
potential energy is proportional to v2. sav = kv show ]
tons variational principle & [ L dt = 0.1l
fator is obtained,

oriows < et 1 the
n direct appiication of Hami'- 4
12t the cquation of the sunple harmonie oseil-

COMPUTER PROBLEMS

C 10.1 Assume that the spherical pendulum discussed in Section 10.6 is set mto rmot.on
with the tollowing initial cenditions: é,, = 0 rad. @, = 1057 rad's. ¢, = 7 4 rad.
and 6, = 0 radss. Let the length of the pendulunm be 0.254 1,

(@) Caleulate @, and #,. the polar angular limits of the motio..

1., .
S0P= - —C =0

Hivet: Solvthe conation wamericaly for +h condition FH
/ k8 .
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Homi How's  Eguations
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