Physics 141, Fall 2019

Introduction to Physics Hal M. Haggard

Finish reading Ch. 11 and start Ch. 15.

Exercises:

Homework 11

Due Wednesday, November 20th at 7pm

1. Trucks can be run on energy stored in a rotating flywheel, with an electric motor getting the
flywheel up to its top speed of 200w rad/s. Suppose that one such flywheel is a solid, uniform
cylinder with a mass of 500 kg and a radius of 1.0 m. (a) What is the kinetic energy of the flywheel
after charging? (b) If the truck uses an average power of 8.0 kW, for how many minutes can it

operate between chargings?

2. In the figure at right, block 1 has mass m; = 460 g, block 2
has mass mo = 500 g, and the pulley, which is mounted on a hori-
zontal axle with negligible friction, has radius R = 5.00 cm. When
released from rest, block 2 falls 75.0 ¢m in 5.00 s without the cord
slipping on the pulley. (a) What is the magnitude of the acceler-
ation of the blocks? What are (b) tension 75 and (c) tension 777
(d) What is the magnitude of the pulley’s angular acceleration? (e)

What is its rotational inertia?

3. In a judo foot-sweep move, you sweep your opponents
left foot out from under him while pulling on his gi (uni-
form) toward that side. As a result, your opponent ro-
tates around his right foot and onto the mat. The figure
at right shows a simplified diagram of your opponent as
you face him, with his left foot swept out. The rotational
axis is through point O. The gravitational force F, on
him effectively acts at his center of mass, which is a hor-
izontal distance d = 28 c¢m from point O. His mass is 70
kg, and his rotational inertia about point O is 65 kg-m?.
What is the magnitude of his initial angular acceleration
about point O if your pull F, on his gi is (a) negligible
and (b) horizontal with a magnitude of 300 N and applied
at height h = 1.4 m? (This video has a nice slow example
just after 1:24.)
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4. Pictured at left are particles 1 and 2, each of mass m,
fixed to the ends of a rigid massless rod of length L + Lo,
with L1 = 30 cm and Ly = 70 cm. The rod is held hori-
zontally on the fulcrum and then released. What are the
magnitudes of the initial accelerations of (a) particle 1


https://www.youtube.com/watch?v=AXzhQVmA8zI
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5. In the figure at right, three forces of the same magnitude are Py =
applied to a particle at the origin (ﬁl acts directly into the plane
of the figure). Rank the forces according to the magnitudes of the >
torques they create about (a) point Py, (b) point P, and (c) point
Ps3, greatest first.

6. A 1000 kg car has four 10 kg wheels. When the car is moving, what fraction of its total kinetic
energy is due to rotation of the wheels about their axles? Assume that the wheels are uniform disks
of the same mass and size. Why do you not need to know the radius of the wheels?

7. In the figure at left, a solid brass ball of mass 0.280 g will roll

smoothly along a loop-the-loop track when released from rest along

the straight section. The circular loop has radius R = 14.0 cm, and

the ball has radius r < R. (a) What is h if the ball is on the verge
h fV Q of leaving the track when it reaches the top of the loop? If the ball
\ is released at height h = 6R, what are the (b) magnitude and (c)

direction of the horizontal force component acting on the ball at
point Q7

8. A particle moves through an xyz coordinate system while a force acts on the particle. When
the particle has the position vector # = (2.00 m)i — (3.00 m)j + (2.00 m)k, the force is given
by F = Fui 4 (7.00 N)j — (6.00 N)k and the corresponding torque about the origin is 7 =
(4.00 N-m)i + (2.00 N-m)j — (1.00 N - m)k. Determine F,.

9. Force F = (2.0 N)i — (3.0 N)k acts on a pebble with position vector ¥ = (0.50 m)j — (2.0 m)k
relative to the origin. In unit-vector notation, what is the resulting torque on the pebble about (a)
the origin and (b) the point (2 m, 1 m, 3 m)?

Physical problem:

10. A bowler throws a bowling ball of radius R along a lane. (a)

Estimate the radius of a bowling ball. The ball, see the figure at

right, slides on the lane with initial speed veomo = 8.5 m/s and . -

initial angular speed wy = 0. The coefficient of kinetic friction Ji Yeom

between the ball and the lane is 0.21. The kinetic frictional force

f;; acting on the ball causes a linear acceleration of the ball while producing a torque that causes
an angular acceleration of the ball. When the center of mass speed vcom has decreased enough and
angular speed w has increased enough, the ball stops sliding and then rolls smoothly. (b) What
then is veom in terms of w? During the sliding, what are the ball’s (c) linear acceleration and (d)
angular acceleration? (e) How long does the ball slide? (f) How far does the ball slide? (g) What
is the linear speed of the ball when smooth rolling begins?
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