1.

PHY 2060 SPRING 2007 — Exam 3

(a) A dog’s toy consists of two uniform rubber spheres connected by a

uniform rubber cylinder, whose axis lies along the line between the
balls’ centers (see figure). The cylinder’s length is much greater than
its diameter. The spheres have different diameters.
Let A be arotation axis along the axis of the cylinder, B be a rotation
axis perpendicular to the axis of the cylinder passing through the
cylinder’s center of mass, and C be a rotation axis parallel to B
passing through the center of one of the spheres. Let Iy denote the
rotational inertia of the toy about axis X.

Place a check to the left of any/all of the following statements that is/are neces-
sarily true:

K 1. The rotational inertias satisfy I4 > I5.
v/ ii. The rotational inertias satisfy Ig > 4.
/ iii. The rotational inertias satisty I > I4.
% 1v. The rotational inertias satisfy Io > Ip.
X v. The rotational inertias satisfy Ig > I.
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(b) A particle of mass m has Cartesian coordinates (measured in meters) T = —2t2,
Yy =3, 2 = 0, where ¢t > 0 is the time (measured in seconds). The statements
below concern the particle’s angular momentum 1 about the origlhz=y=2z=0.

Place a check to the left of any/all of the statements that is/are necessarily true:

v 1. The angular momentum 1 has a magnitude that increases continuously from

time ¢ = 0.
% ii. The angular momentum 1 has a magnitude that decreases continuously from
time ¢t = 0.

X iil. The angular momentum 1 has a constant magnitude.
X iv. The angular momentum 1 points along the negative z axis.
X v. The angular momentum | points along the negative z axis.
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2. A car has wheels of diameter 70 cm. During the time that the car brakes to a complete
stop from an initial speed of 45km/h, the wheels complete 25 revolutions.

(a) What is the initial angular speed of the wheels? Cive your answer in rad/s.

(b) What is the average angular acceleration of the wheels during the time the car is
braking?
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3. The crew of a pirate ship mutiny and vote to make their former captain walk the plank.
A straight, uniform plank of mass 25kg and length 5m is placed on the flat deck of
the ship so that 3m of the plank extend overboard, as shown in the figure. A 100-kg
barrel of water is placed on the plank at its inboard end to help anchor the plank in
place. If the deposed captain has a mass of 80kg, how close to the seaward end of the
plank can he advance before he and the plank topple into the water?
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4. A cylinder of radius 30 cm rests on a horizontal surface. An ideal string is partially
wrapped around the cylinder, and the other end is wrapped around the rim of a wheel,
also of radius 30 cm. The long segment of string between the cylinder and the wheel
is taut and horizontal. At time ¢t = 0, a drive motor begins to rotate the wheel with
a constant angular acceleration of 0.2rev/s?. This rotation winds the string onto the
wheel, and causes the cylinder to roll without slipping across the surface towards the
wheel. How long does it take for the cylinder’s center of mass to travel the first 3.5m?
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5. A barbell consists of a 2-m long, thin, uniform bar of mass 20 kg and two identical,
circular plates whose thickness is negligible compared to their 40-cm radius. Each end
of the bar is welded to the center of one of the plates, so that the bar is perpendicular
to the plane of the plate. The rotational inertia of this barbell, when rotated about
an axis perpendicular to the barbell passing through the center of one of the plates, is

231kgm?.
(a) Find the mass of each of the plates.

(b) Calculate the rotational inertia of the barbell about an axis perpendicular to the
bar passing through the bar’s center.
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6. A thin, circular plate has radius r, uniform thickness t, and uniform density p. A
square hole, with sides of length w, is cut from the plate. The square lies entirely
inside the circular perimeter, with its center located a distance d from the center of
the circle. Find the rotational inertia of the plate about an axis perpendicular to the

plane of the plate, passing through the point on the outer rim of the plate closest to
the center of the hole.
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7. A solid, uniform sphere of mass M and radius R pivots on a fixed,
massless, frictionless axle that passes through the center of the
sphere. An ideal string is partially wrapped around the sphere’s
equator so that the sphere rotates when a mass M /2 is hung from
the other end of the string.

(a) What is the mass’ acceleration just after this system is released
from rest?

(b) What is the angular momentum of the system about the axle
at time t after the system was released from rest? (Assume
that at time ¢, the string has not yet fully unwound from the

sphere.)
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8. The lower disk in the figure has mass 240 g and radius 3.5 cm.
It is initially rotating at 80rtev/min on a light, frictionless disk
shaft of negligible radius. The upper disk, of mass 110 g and [ mll i
radius 3.0 cm, is at rest. It is allowed to drop freely down the
shaft onto the lower disk, and frictional forces act to bring disk
the two disks to a common angular velocity. The disks are of I |
uniform thickness and density.

shaft

(a) What is the common angular velocity of the two disks?

(b) What is the magnitude of the constant torque (mea-
sured about the shaft) that would be required to bring
the two disks to rest in a time of 20s?
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9. A uniform meter stick can rotate freely about an axle passing through a hole bored at
the 75-cm mark. The stick is held in a horizontal position and then released.
(a) What is the stick’s angular acceleration immediately after it is released?

(b) What is the magnitude and direction of the force exerted by the axle on the meter
stick immediately after the stick is released?
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10. A ladder has mass M, length L, and can be
treated as having a uniform mass per unit length. |
The ladder leans against a flat, frictionless wall :
that makes an angle ¢ with the vertical as shown |
in the figure. The coeflicient of static friction be-
tween the ladder and the horizontal ground is u,. i
What is the minimum angle § between the ladder ;
and the ground that will ensure that the ladder |

remains stable? You should aim to get a final re- 0
sult of the form ¢ = atan(...), where “..” does
not depend on 6.
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