Physics 3318, Spring 2013 mm\o% 1

Assignment 4
Due date: Wednesday, February 20

1. H&F 4.10
2. H&F 4.11
3. H&F 4.12

4. H&F 4.13

5. Derive the equations of motion for the polymer chain model described in class but
for the case of V = 3 mass points. Use the method of Lagrange multipliers and, by
solving for them explicitly, eliminate them from the equations of motion. You do not
have to solve the equations of motion.
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FIGURE 4.18

¢) A tunnel is bored through the Earth in a straight line that passes within a distance
D from the center. Let x be the distance along this tunnel from the tunnel center
as shown in Figure 4.18. Whenx = 0,r = D. Using Lagrangian mechanics (not
vectors!), with x as the generalized coordinate, find the equation of motion for
a particle of mass m dropped into the tunnel. The particle moves under gravity
without friction or air resistance. Show that the motion is simple harmonic motion
and that the period is the same as that of the satellite in part a) above. If the
particle is dropped into the tunnel from the surface at the moment the satellite
passes overhead, it will retuin to the starting point just as the satellite completes
one orbit of the Earth.

d) Asloppy physicist known by the initials S. P. makes the following incorrect deriva-
tion of V(r) in part b) above: “Let M(r) stand for the part of the Earth’s mass
inside a sphere of radius r < R,. Then M(r) = Me(éf', so,forr <R,,

GmM(r)
r b

Vep(r) = — (4.95)
since the matter outside a sphere of radius r does not contribute to the gravitational

potential.” What equation of motion will S. P. get for part b), and what is wrong
with this reasoning?

ant external gravitational field. Show that their motion can be reduced to an
equivalent one-body problem, just as we did for the Kepler problem.

-Jody system) Prove that, for an N-body system, if the external
e ith l;ody is F;, the center of mass moves like a single particle of mass
M = M, + ... My acted upon by a force F= 17“1 + 4. I?A,. Use Lagrangian
methods to prove this and to prove that we can ignore internal forces as far as center
of mass motion is concerned.

Problem

external fc
Fi, T2 T3 W
ms. Assur
they cant
the partic]

a) Show
explo
b) Show
after 1
is zer:
¢) Deriv
“exte
Does
the fr

Central Forc

Problem
accelerati
with half
equation
horizonta
isvi=g

Problem
weightle:
has a'sm:
that m, ¢
freedom.

a) Assu
tions
b) The-
insp
how
the
¢) Isth
from




."f'

. PROBLEMS 161

K " Problem 1 xplosion of projectile) A projectile in outer space subjected to no
external forces suddenly explodes into three pieces, which have Cartesian coordinates
71, I2, 3 With respect to an inertial reference frame. The three masses are miy, m,, and
m3. Assume that the forces during the explosion are not known, but it is believed that
they can be derived from potentials depending only on the distances between pairs of
the particles:

V = Va(lfy = R) + Va(7, — 7)) + Ve(I75 = F1)). (4.96)

a) Show that the center of mass moves at the same constant velocity it had before the
explosion.

b) Show that, in the center of mass reference frame, the three fragments lie in a plane
after the explosion. Hint: Prove that the total momentum in this reference frame
is zero.

¢) Derive what happens to the center of mass after the explosion if instead of being
“external force-free,” the system also had a constant gravitational force on it.
Does the result depend on the force being a constant? Is the total momentum of
the fragments still zero in the noninertial center of mass reference frame?

" roble ] 13 KM
ey =2

FRtoTrol gravity, g, and without fnctlon on the surface of a cone of revolution
w1th half angle o. Find the Lagrangian in plane polar coordinates. Also find the
equation of motion for r and the effective potential Vg (r). If the particle is launched
horizontally with velocity v, at a height zo, prove that the condition for circular motion
is v2 = gz,.

Problem 14*: (Two connected masses) Two masses m; and m, are connected by a
weightless string of fixed total length I,. Mass m; rests on a frictionless table, which
has a small hole cut into it. Mass m, hangs down vertically from this hole. Assume
that m, can only move in the vertical direction, so the problem has two degrees of
freedom.

a) Assuming that the acceleration of gravity is g, find the Lagrangian and the equa-
tions of motion for this system. (Use plane polar coordinates.)

b) The total energy E = T + V is a constant of the motion. How can you see this by
inspection of the Lagrangian? There is a second constant of the motion. Explain
how to find it, and prove that it is indeed constant. (Call this constant /). What is
the physical interpretation of [?

¢} Is there a case where the motion of the mass m; is a circle of constant radius r
from the hole in the table? Find the radius of this circle in terms of / , My, My, and
8. Let E(ry) be the total energy in this case. Prove that E(r,) = %ngro. Why is
E(ro) the minimum possible total energy E?
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