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(30 Pts) SRS

6. A sphere with mass M, radius r , and moment of inertia about a diagonal axis | = 2/5!Mr2
is initially held at rest against a clamped spring with stiffness constant ks that has been
compressed by a distance D (x=-D) from its equilibrium position (x = 0) as shown. The
surface between x = - D and x = 0 is smooth (frictionless). At time t =0, the clamped spring is

released. The sphere immediately starts to slip without rolling, and loses contact with
the spring when it reaches x=0. Atx =0, the surface becomes rough and remains rough, and
the sphere immediately starts to roll without slipping. The sphere continues to roll without
slipping as it moves up a vertical circular track with radius R >> r.
(5) a. Find the horizontal speed v, of \
the sphere just before it reaches
x = 0. phifie™ 2
(12) b. Show that the sphere’s center of
mass speed v just after it passes

LA TN

Xx=01svr = 5/7 Vo . [Hint: Recall p 2

~1 | N o%n —

the impulse momentum and VL v - _
angular momentum theorems.] R
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(13) c. Show that the minimum distance .

D,.in through which the spring must
be compressed in order for the sphere

to reach the top of the track (Point P) ¢
without falling off is given by s = ko
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(15) a. Find the final angular frequency<. ,
~ ofthe cylinder and the final

spee-dmlock‘ [Hint: Is | . )

conserved?]

(10) b. Show that the difference between
the initial (E; ) and the final (E¢)
total mechanical energies of the
system is given by
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Glja;yit'_aii;ig.n, prove that the
angular mio"_r_n,en’?um-ef\the
comet about the Sun IS
conserved. '

(7) b. From conservation of the

angular momentum, find

the comet’s velocity at

perihelion.
(10) c. From conservation of energy,

y : GM GM. 5 T
show that the perihelion distance 7, = — g |(—;g— D iz,
0

(8) d. For a Sun-grazing comet, the perihelion distance equals the radius R of the Sun, so that
the comet crashes into the sun (and burns up). Show that the condition for a comet to be

2GM
Sun-grazingisthat D < R[1+

2
RV

1}/2, and thus the effective collision cross-section

of the Sun is equal to mD? .
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