assless hoop (of 1
radius
R) which lies inor
aV-27
vertical
Newtonian
Lagrangian
rotate about its fixed center. M is tied to a
around the hoop, then rises vertically up and
ss m hangs on Athe
other
end m
of isthe
block
of mass
heldstring
at rest(see
on a frictionless plane of mass
M , angle of incline θ. The plane rests on a
m
frictionless
horizonal
surface.
Find
R m and M after the block is released.
on of motion for
the angle
through
which
thethe acceleration of
squency of small oscillations? (You may assume
M

m

*

on a frictionless plane of mass M and
dpoint if a long string, at the ends of which are
n
a over
frictionless
horizontal
surface.
ngs
two frictionless
pulleys
(locatedThe
at the
tg. is
the
horizontal
acceleration
of
the
5.18. The pulleys are a distance 2l apart and

that the mass M is constrained to move in a
the pulleys.

2. If you haven’t already done so, try
from M makes with the horizontal. Find the
nhishave
a much greater appreciation for
is a bit messy.) Find the frequency of small

Figure 5.17

M

θ
2l

Figure 5.9
θ

2 may
Small
oscillations
brium point. (You
assume
M < 2m.)

*

A bead is free to move without friction along
m a circular wire hoop
m of radius R, which rotates with constant

frictionless
hoop
of radius
Thenegligible
hoop
rotates
angular
speedR.
ω about
a vertical
diameter. What is the minimum value of ω for which the bead will remain
ing,
hang over
two
pulleys
(of
ω around a vertical
diameter
Fig. 5.19).
at a fixed
θ0 ? For(see
a sufficiently
large ω, whatFigure
is θ0 (as5.18
a function
of ω)? What is the frequency of small
θ
e for
moves
in a vertical
line,
but the right
oscillations
the position
of the about
bead.θ0 ?What are the
the
of the
masses
and pulleys).
is
theplane
frequency
of small
oscillations
about the

rather
What
is it, undergoes
and why is itsmall
special?
t,
andspecial.
the right
mass
with
" ! 1). What is the initial average
hoop
**
ds)
of
the
left mass? In which direction
a frictionless hoop of radius r. The plane of the

nter of the hoop travels in a horizontal circle of
ar speed ω, about a given point (see Fig. 5.20).
for the position of the bead. Also, find the
swith
abouta the
equilibrium
mass
m fixedpoint.
at its middle, are

ω

m

m

Figure 5.10
R

ε

m

Figure 5.19
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It is clear from eq. (3.48) that the
of the other, as in Fig. 5.11. The
m
coordinates) oscillate with the pure fre
d at the ground.
They are oscillations
held such
3 Coupled
r
It is also clear that if B2 = 0, then
upper one is tilted at a small angle "
with frequency ω. And if B = 0, then
nstant they are
aretothe
Tworeleased,
masses are what
connected
each other by a massless spring of spring constant κ12 and to fixed walls by 1
Figure
5.11
ω
with modes.
frequency 2ω. These two pure-fre
springs
spring
constant κ. Find the characteristic
frequencies of longitudinal
(You may work
inofthe
approximation
R
They are labeled by the vectors (1, 1) a
will become clear in the following exam
k
k
k
t **
Figure 5.20
m
m
massless stick of length #. The penduFigure 3.8
Example (Two masses, three sp
h a position given by x(t) = A cos(ωt)
each other and to two walls by three
l
motion for the angle of the pendulum.

and a massless stick of length #. The
cally with a position given by y(t) =
he equation of motion for the angle of

have the same spring constant k.
time. What are the normal coordin

1

m

Figure 5.12

Solution:
Let x1 (t) and x2 (t) b
spectively, relative to their equilibr
distance x2 − x1 . Therefore, the for

