
55. Their angular velocities, when they are stuck to each other, are equal, regardless of whether they share
the same central axis. The initial rotational inertia of the system is

I0 = Ibig disk + Ismall disk where Ibig disk =
1
2
MR2

using Table 11-2(c). Similarly, since the small disk is initially concentric with the big one, Ismall disk =
1
2mr2. After it slides, the rotational inertia of the small disk is found from the parallel axis theorem
(using h = R − r). Thus, the new rotational inertia of the system is

I =
1
2
MR2 +

1
2
mr2 + m(R − r)2 .

(a) Angular momentum conservation, I0ω0 = Iω, leads to the new angular velocity:

ω = ω0

1
2MR2 + 1

2mr2

1
2MR2 + 1

2mr2 + m(R − r)2
.

Substituting M = 10m and R = 3r, this becomes ω = ω0(91/99). Thus, with ω0 = 20 rad/s, we
find ω = 18 rad/s.

(b) From the previous part, we know that

I0

I
=

91
99

and
ω

ω0
=

91
99

.

Plugging these into the ratio of kinetic energies, we have

1
2Iω2

1
2I0ω2

0
=

I

I0

(
ω

ω0

)2

=
99
91

(
91
99

)2

which yields K/K0 = 0.92.
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