Ceres [20 pts]

The minor planet Ceres has a mass of M = 9 x 10%° kg and a radius of 473 km. The Tycho Manufacturing
company is working to create sustainable colonies in the Asteroid Belt, and Ceres is among their first locations.
The first steps in the work involve sending raw materials from Ceres to the Anderson Space Station, located one
million kilometers away, for processing into usable goods. In this problem, you can ignore the Sun and all the
other objects in the Solar System.

1. [10 pts] Tycho engineers need to launch a 200 kg package of raw materials from Ceres to Anderson Station.
How fast does the package need to be launched, if it needs to have a speed of 3 m/s when it arrives at

Anderson?
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2. [10 pts] To send the package, Tycho engineers built a horizontal spring-loaded launching mechanism on
Ceres. When the apparatus is ready to engage, the package is at rest and the spring is compressed a distance
of 1.5 m. What is the stiffness of the spring?
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Bender [20 pts]

Bender is in space, far away from anything, and carrying a bag of swag. He tosses a plate of mass m = 2 kg with
his right arm, and when the plate leaves his hand there’s an angle § = 30 degrees as seen in the figure.

View from side;:

Axis

Counter- y
clockwise

q Clockwise  °

View from above: f—' +y points out of the screen

+z A Counter-
————— clockwise

o VN,
V Clockwise

1. [5 pts] Which direction will Bender rotate after tossing the plate, clockwise or counterclockwise? Explain
using the angular momentum principle and the right hand rule.
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2. [10 pts] If the speed of the plate is 5 m/s when Bender tosses it, and Bender’s fully-extended arm is one
meter long, what would be Bender’s final angular momentum? Note that Bender’s moment of inertia is 150

kg m?, and that there’s an angle involved (see bottom part of the figure).
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3. [6 pts| Bender’s getting dizzy and wants to stop spinning now. The remaining swag in the bag has a mass of
4 kg. How fast and in which direction should he toss the remaining swag so that he stops rotating altogether?
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Rods [20 pts]

A system is composed of four identical massless rods, each with length d and four balls attached to the ends of
each rod. Three of the balls have mass M and the fourth one has mass M /4. The system is free to rotate about
its center, where the bars come together. You can think of the balls as point masses. Earth’s gravity points

in the usual direction (—g).

Y
z out of
the page
X
Z
(Figure 1) (Figure 2)

1. [5 pts] What is the net torque on the system as shown in Figure 1, where the rods are oriented along the x
and y axes?
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2. [5 pts] You hold the system at rest after rotating it by a small angle § counterclockwise (as shown in Figure
2). Then you let go. What will happen to the system now? Use the angular momentum principle to justify
your answer.
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3. [10 pts] Determine the final angular momentum of the system 7" seconds after letting it go from the initial
configuration in Figure 2.
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EXTRA CREDIT [5 pts]

1. [1 pt] Write the equation for the Momentum Principle. To earn credit your equation must be fully correct.

—F)rwt = ﬁﬁ
A«

2. [1 pt] Write the equation for the Energy Principle. To earn credit your equation must be fully correct.

AE = w@)df"' Q

3. [1 pt] Write the equation for the Angular Momentum Principle. To earn credit your question must be fully
correct.
_
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4. [2 pts] The Lyman Alpha line appears in the emission line spectrum of hydrogen when the electron goes
from the N = 2 to the N = 1 level, emitting a photon in the process. What is the energy of the Lyman
Alpha photon?
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PHYS 2211 Modern Final Review Worksheet — Reading Day Fall 2021
Worked Solutions

Curving Motion / Gravitation
Problem 1

On the Earth, a rock of mass m is tied
to the end of a rope of length R. The
rock is swung counterclockwise in a cir-
cle of radius R in a vertical plane (grav-
ity points down). Consider the rock
when the rope makes an angle of  with
the vertical, as shown in the diagram.
At this location, the tension in the rope
is a known quantity 7" and the speed of
the rock is decreasing,.

(a 5pts) Is the perpendicular component of the net change in momentum for the rock zero? Explain briefly
how you know this.

w§ () Fo TRy A

z
e &%&)_\_: MT; , and m#0, Vo, R#0

(b 5pts) Is the parallel component of the net change in momentum for the rock zero? Explain briefly how
you know this.
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(c 7pts) Determine the parallel component of the net force on the rock in terms of the known quantities

given in the problem statement.
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(d 8pts) Calculate the speed of the rock in terms of the known quantities given in the problem statement.
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Problem 2
a) A and C. At these points, Fnet and F_L are in the same direction. So no parallel
component.
b) None. There will always be force perpendicular to the motion because the motion is
constantly curving.
c) D. We can rule out A and C because it will be 0 at those points. FBD below shows F|| is
opposite the velocity at point D and not point B.

d) None. The gravitational force never points away from the center of curvature.
e) C. Minimum radius of curvature occurs at this point, meaning greatest velocity.
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Energy principle
Problem 3

(a 10pts) A bowling ball of mass m is gently placed onto the un-stretched trampoline. After waiting a
few seconds the bowling ball comes to rest and the trampoline is stretched an amount dsas.. Taking the
bowling ball as your system, how much work did the trampoline do as the ball traveled from d = 0 to
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(b 15pts) In a different experiment, a bowling ball of mass m is dropped from rest a height h above the
un-stretched trampoline (d=0). Determine the maximum stretch dpqz of the trampoline during the bounce

of the bowling ball.
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Problem 4

(a 5pts) Choose your system to be the sphere only. As the sphere rolls down the hill, determine the work
done on the real system.
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(b 10pts) The sphere starts at the top of the hill from rest and rolls to the bottom. Determine the speed
of the sphere when it reaches the bottom. Apply the energy principle on the real system consisting only
of the sphere.
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(c 5pts) Determine the average frictional force acting on the sphere as it rolled to the bottom of the hill.
Apply the energy principle on the point particle system consisting only of the sphere. You should use your

result from part (a). ——
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(d 5pts) A second sphere with the same mass total M and radius R but with a hollow core is rolled down
the hill. This hollow sphere will have a higher density then the solid sphere so that they have the same
mass. Does it have a final speed (at the bottom) that is greater than, equal to or less than the solid sphere
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Energy graphs
Problem 5

(a 10pts) The block continues downward. When the bottom of the block is 0.3 m above the floor, what is
its speed? (Consider the block, the spring and earth as the system).
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(c 5pts) Sketch a graph of spring potential energy, gravitational potential energy, and the kinetic energy
as a function of time.
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Problem 6

(a 5pts) Determine the velocity of the rock the instant it reaches the surface of the Earth. Your answer
should not be numeric.
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(b 5pts) For the case considered above, sketch the: Kinetic, Potential, and Total energy for the Earth+Rock
system.




(c 10pts) Determine the velocity of the rock the instant it reaches the center of the Earth. Your answer

should not be numeric.
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(d 5pts) For the case of the rock falling through the Earth, the potential energy of the Earth+Rock
system is given by mgr?/(2R). On the graph below, sketch the Kinetic, Potential and Total energy for the
Earth+Rock system.

\J

k\\ Extra credit 5pts) How does your answer to part (c) compare to your answer in part (a)? Hint: the ratio
of the two velocities should not depend on any of the parameters in the problem.
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Angular momentum and Torque for solid extended system

Problem 7




Problem 8
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(b 5pts) If the total angular momentum for this system (about the point B) is zero, calculate the rotational
angular momentum for the barbell about its center of mass. Lot o (magnitude and direction)
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(c 5pts) Calculate the moment of inertia [ for the barbell about its center of mass.
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(d 5pts) Determine the unknown angular speed of the barbell about its center of mass.
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Angular Momentum and Torque for a system with particles

Problem 9
o . 2z s LIk ?
(a 5pts) Determine the angular momentum of particle 1 relative to the point, A =< 0,0,0 > m.?
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(b 5pts) Determine the angular momentum o{ particle 3 relative to the point, :
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(¢ 5pts) A race car drives clockwise around a
circular track at ww seen in the
figure. Determine the direction of the angular
momentum of the car relative to the center of
the track.

In‘}o —Ww. \oa:gQ ®

(d 5pts) How does the angular moment of the car,
relative to the center of the track, change as the
car goes from location 1 to location 27 Your an-
swer should be supported by physics principles.
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(e 5pts) A race car drives clockwise around an
clliptical track at ayconstant speed;as seen in the
figure. How does the angular moment of the car,
relative to the center of the track, change as the
car goes from location 1 to location 2?7 Your an-
swer should be supported by physics principles.
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Problem 10

(c 5pts) What is the angular momentum of particle 2 relative to the origin?
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(d 10pts) What is the angular momentum of particle 3 relative to the location of particle 2?7
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Additional Practice

Problem 11
Zheck eath choice IM\'V:dUtIH)’

A Object two has same fMass diot((boted falthed
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Problem 12




Problem 13







