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Selected Learning Objectives

1. Coming soon to a lecture template near you.
Key Terms

Rotational kinetic energy

Angular momentum

Conservation of angular momentum
Zero angular impulse approximation

O O O O

Key Equations
Key Concepts
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o
o

Questions

Act I: Angular momentum

Problem Statement: Four point particles each of mass m are fixed to a negligible mass wire bent into a circle of radius R as shown
below. If the masses are spinning clockwise around the center at a constant 60 RPM, what is the angular momentum of the 4-mass-
system?
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(1) 0 mR? m

(2) -4 m-R? o

(3) -25.1 m-R?

(4) 60 m-R?

(5) -240 m-R? R

(6) 1510 m-R? m

—

Problem Statement: Recall the impulse-momentum theorem: Zﬁext At = Aﬁsys. Which of the following expressions could be angular
impulse - angular momentum theorem?

(1) z:ﬁext At = Af)sys
() 2:%ext,o At = Aﬁsys
(3) ZTexto At = A®gyso

(4) ZTexto At = ALgys o
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Problem Statement: Dizzy the dog is ice skating spinning in circles when she stands up on her hind legs. Assume frictionless.

(a) With the figure dog-skater as the system, is there any net external In Itlal Fl I’]a|
torque?
w
(1) Yes 2
(2) No
(b) When the dog stands up, her angular velocity because

her

(1) increases ; mass decreases

(2) decreases ; moment of inertia increases
(3) increases ; moment of inertia decreases
(4) increases ; moment of inertia increases

Problem Statement: A uniform 600 kg disk with a radius of 5 meters is in space rotating counter-clockwise at 1 RPM about the z-axis.
Four 30-kg space-parachuting dogs are floating perpendicular to the face of the disk and have velocities in the —Z direction as shown
below. The four dogs land simultaneously on the rotating space disk. There is sufficient friction between the dogs and thedisk that when
they land they rotate with the disk and do not slide relative to the disk's surface.

(a) For a system of just the space disk, is there a net external torque about the z-
axis as the dogs land?

w |
r \
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(b) For a system of disk+dogs, is there any net external torque about the z-axis as /

the dogs land? 1"‘,\ | L \k\‘K\
z | . \

A uniform 600 kg disk with a radius of 5 meters is in space rotating counter-clockwise at 1 RPM about the z-axis. Four 30-kg space-
parachuting dogs are floating perpendicular to the face of the disk and have velocities in the —Z direction as shown below. The four dogs

land simultaneously on the rotating space disk. There is sufficient friction between the dogs and the disk that when they land they rotate
with the disk and do not slide relative to the disk's surface.

(c) What is the angular moment about the  (d) How does the angular moment of the (e) What is the moment of inertia of
z-axis of the disk+dogs system before the disk+dogs system before and after the dogs land  the system about the z-axis after the
dogs land? compare? dogs land?

(1) Liz> L,

(2) Lz <Ls,

(3) Li,z = I-f,z

(f) What is the final rotational rate (in RPM) after the dogs land?
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(g) The center of mass of the disk is initially stationary. What happens to the center of mass of the rotating disk after the dogs land?
(1) The center of mass velocity doesn't change because linear momentum is conserved..
(2) The center of mass velocity doesn't change because kinetic energy is conserved.

(2) The center of mass begins to move in the —Z direction because there is a net external force acting on it when the dogs land.
(3) The center of mass begins to move in the —Z direction because there is a net external torque acting on it when the dogs land.

—

Problem Statement: A metal smith using a bench grinder applies a net torque as a function of time from their newly forged knife on a
grinding wheel shown by the graph below. The grinder is not plugged in so it spinning freely.
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(a) If the grinder's wheel started with an initial angular momentum (Nm )401\
of -300 kg:-m?/s , what is its final angular moment after 10 seconds? ext ,0
30
20
10
0 > time (g)

2 4 6 8 10 12

(b) The moment of inertia is a constant 0.550 k-gm? , what is the final
angular velocity of the grinder wheel?

Act Il: Rotational energy
Description: Calculate moment of inertia for system of point particles. (4 minutes)

Problem Statement: We wish to explore the graphical representation of rotational work.

(a) The rotational work due to a torque is the area under a

(1) force vs position graph.

(2) position vs force graph.

(3) torque vs angular position graph.
(4) torque vs time graph.

(b) Consider your answer to part (a). What can this area also represent?

(1) Rotational momentum.

(2) Change in rotational momentum.
(3) Rotational kinetic energy.

(4) Change in rotational kinetic energy.
(5) Changein energy.
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Problem Statement: Match the following energy flow diagrams with the given scenario.

(a) While fishing, you hook into a killer Oregon steelhead and
it begins taking line, swimming directly away from you.
Snapshots were taken when the fish was at the following
locations:
A: The moment after the fish bit and slowly begins
swimming away.
B: Some time later when the fishy is still hooked and
swimming away quickly.
System: fishing reel

[Environment —
| . _ Tm‘!e
System A B
| —Chem| |
KE;
KEg
| ¥ |

[Environment — __
| . _ Tirr!e,
System A B
| Chem |
KE,
KEg
e
US

Sound
E

I;Enwronment Time

[Environment Time

(b) Consider the game of curling. Three snapshots are taken
when the stone is at locations A, B, and C. The dashed green
line shows the trajectory of the stone's center of mass.
Snapshots are taken when the stone is at the following
locations:

A: The person and the stone are at rest.

B: The stone has just left the person's hand rotating

counter-clockwise.

C: The stone has stopped on the button.
System: stone + surface

.5\.rstem. A B S\rstem. A B
. | —Chem| [ | —Chem| [
| | I | | I
KER KER
| Y I | | 0 I
| U | U I
.ESound. .E50und.
£ | . £
- - [Environment -

[Environment Ti-mF; i

System A B C
Chem

Time
System| A | B . C

Chem
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[Environment  Time

System| A B C

D

[ Environment -Ti_ma-, :

Systern| A B C




D

[ Environment _Ti;e B [Environment _T;'ne_ -
II | |I r N . .
@ | System| A B C | | System A B
| chem ' ' 'I | _chem
| ' [
KE, I KE;
| KEx | ‘ =y
II ue | U
. I .
| u* | | u°
'I | ESDund. | | .ES«Dund
B I|| £ | 'Il g
L. ¢ o L. ¢
(c) Consider the same sc?nano as part (b), but th.IS time the system is "Environment Time
stone+surface+person. Fill out the energy flow diagram below.
/ System| A B
/ Chem
| KE,
Ug
Us
\ ESound
ETh
L_————__
(d) A round of bowling begins with a bowling ball in a
person's hand raised backwards above the level ground. . J— _—
Snapshots are taken when the ball is at the following [Environment _ 7ime '| Environment _ime
Iocations: { ISystem. A B C ] | I.' System A B C
A: The ball and person are at rest with the ball at some o Chcm_ | e e
height above the ground cocked backwards. [ |KEr| I| I KE
B: The ball is two thirds down the lane with the velocity | KEn | | KEx
of the center of mass and angular velocity about the '. | U ‘ | U
center of mass given. v { U
C: The ball is about to hit the pins with the velocity of | Esn:d_ | [ Esn::n
the center of mass and angular velocity about the | E | 'l E
center of mass given. e | .
D: The ball and pins are at rest. — — —
System: person + ball + lane + earth + pins + atmosphere @
Everything at rest i Environment ;m; - _‘I I"-E_l'l_\l'lFDI'll'I'Iel'It -;me_
TGS 2 [ ssem A [ B C D | | lssem A | B C |
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Everything at rest

[ Environment

Time

System| A

B

C

[Environment

Time

| System| A

| B

Vem = 10m/s
mcm= 4 rad/s

Vem=8m/s |
I l wcm= 18rad/s]
'}

|

«'

Problem Statement: A solid sphere rolls without slipping along a track shaped as shown below. It starts from rest at locationA and is
moving vertically when it leaves the track at location B. At its highest point in the air, the sphere will be

location A.
(1) above Final?
(2) below -
(3) at the same height as Initial e

o ©

A ©
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Problem Statement: A solid sphere, solid disk, and hollow ring of equivalent mass and radius are rolled without slipping down a ramp on
a table. They both start from rest at A, then fly horizontally off the edge of the table at B. Rank the horizontal distance, Ax, each travels
during their flight in the air to the moment they land at C.
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Problem Statement: A thin hoop with a radius of 2 meters is moving so that its center of mass is initially moving at 20 m/s while also
rolling without slipping at 10 rad/s along a horizontal surface. It rolls up an incline, coming to rest as shown below.

(a) Fill out an energy flow diagram for the hoop+earth system. Ignore
friction.

Environment —. '
.' Time |
I System A B |
,' Chem| '

KE, | |

ch =0m/s
wcm:Cl rad/s

wcm= 10rad/s

| | A

(b) Below is the work-energy equation with all of the forms of energy we have discussed up to this point. Which of the following energy
terms are zero?

AEChe™ 4 AKE. + AKEp + AUY + AU® + AESCYAAETh = W, ,

(c) Athin 20 gram hoop with a radius of 2 meters is moving so that its center of mass is initially moving at 20 m/s while also rolling
without slipping at 10 rad/s along a horizontal surface. Use your simplified work-energy equation from part (b) to find the vertical
height up the incline the hoop reaches when it stops.

(d) Another useful physical representation to show energy transformations and transfers is an energy bar chart. Fill in the energy bar
chart below for this scenario.
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Initial system energy during Final system energy

Chem Chem

KE, KE, U’ U E™™ E™iw KE, KE, U° U° g™ g™

Problem Statement: Two unequal masses are connected across a solid disk pulley. A few moments after releasing them from rest, the
speed of one of the masses is recorded.

(a) If the pulley is replaced with one of a smaller radius but equivalent mass, and the experiment is Ceiling

repeated, the same hangingmassbegoing_ after the same amount of time

elapses? - r‘ﬂp
(1) faster
(2) slower

(3) the same speed

(b) Below shows semi-simplified work-energy equations. Which one is the correct simplification for
this scenario?

(c) What is the final speed of one of the hanging masses after it goes through a magnitude of displacement of 0.50 meters? The radius of
the solid disk pulley is 0.20 meters and has a mass of 0.100 kg.

—
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Problem Statement: A figure skater stands on one spot on ice (assumed frictionless) and spins around with her arms extended. When
she pulls in her arms, she reduces her moment of inertia and her angular speed increases. Compared to her initial rotational kinetic
energy, her rotational kinetic energy after she has pulled in her arms must be:

(1) the same because no external work is done on her.
(2) larger because she's rotating faster.
(3) smaller because her moment of inertia is smaller.

Conceptual questions for discussion
1.
2.
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antage to use such poles when walking along a tight rope.

Hints

Rotational Kinematics Page 15



