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https://boxsand.physics.oregonstate.edu/ph202/rotational-mechanics/statics-and-dynamics-fundamentals

Selected Learning Objectives

1. Coming s0on 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

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? £
bomy oo ey T W
(1) 0 m-R? S45rEm. Y MASES mp o § m
@i o “ (W
€)-25.1 m-R? /
(4) 60 m-R? L,, L c Z L
(5) 240 m-R? > ° R /
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(5) -240 m-R? 7 R
(6) 1510 m-R? _
m = Lllo ".L‘l,o +le° + L"lo 0 om
m o
:_I'Iow ~ Tep — I—;,,W ~Ly,w
= mRT — MW =~ mpdo -~ mRiw ¢
m
=-YmRw
=-4 mat (2F)

~ — 251 mRY

—

Problem Statement: Recall the impulse-momentum theorem: Efext At = Af)sys. Which of the following expressions could be angular
impulse - angular momentum theorem?

(1) ZFeye At = APsys
(2) z:%ext,o At = Aﬁsys

(3) Zi\ext,o At= Aasys,o

Z?ext,o At = ALsys,o

Rotational Mechanics Page 3



—

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 Initial Final
torque? .

,Y JLA A’. = A'Lsﬁ_,‘/"\ “)w
AL -‘»35/(,-\ =0

(b) When the dog stands up, her angular velocity because
her

(1) Yes
@ No

(1) increases ; mass decreases

(2) decreases ; moment of inertia increases
@ 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 the disk 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- W
axis as the dogs land? 2

JES , Fram Doas

(b) For a system of disk+dogs, is there any net external torque about the z-axis as Y, .
the dogs land? ix
z

NO  Tsacalby
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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. piy 1/~ia l -
l — X — - -_— ’1} = ‘F
my o ¢ 60
(c) What is the angular moment about the  (d) How does the angular moment of the

z-axis of the disk+dogs system before the disk+dogs system before and after the dogs land
dogs land? compare?

(e) What is the moment of inertia of
the system about the z-axis after the

o dogs land?
LZ%,‘,{-:%&Q + L',nsk (1) Liz> L, E-F = Ibij 4 ]:Ols
\
= Im*jé w (2) Liz<Ls, . .
< <X L
| 2 @'— =L 7Mb" R 2 MusR
= 4 i,z = Lfz
3 My, R 2 F 5

20pdx 84 = Al
21_.‘)% ~ 7854 hgm rx 9,
S

(f) What is the final rotational rate (in RPM) after the dogs land?

L;=Lr
185.4 kﬂ__’f = L“—M«r + Ln.uf
S

i

L/I-%bu;, + Trse Wf

|
‘{mbokzw"’ + EmbugRlc‘”:

= 3060 we + 7500 (e

—HS.-‘”Z: T (0500 W& w:anf:
0-0118 _
Weg= 0.0798 pao ’_7’17-.‘:

!

£~ 0T R
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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?

F (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.

T 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.
f (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.

_ s0
25 4= b, g5 _Dogr drsk
2 Iz

dPs,éf O
Pi%: PF‘&

P'; Dosd ¥ ?' DIsk g = PP (0Tgn + Doas ) 2

- LIM% \,"5"3‘ = (LI /"\ug ‘fp\hscg)‘vf_ e

fr (qm%*/“brs.c) e

NER To Ko

RC.2.L1-6:

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.

(a) If the grinder's wheel started with an initial angular momentum -[: (Nm)401k
of -300 kg-m?/s , what is its final angular moment after 10 seconds? ext 0
Anka = AL 30
« . 20
296 hge” o L4 -L, / /
3 10 / /
L;: = — €0 kyr™ > time (s)

2 4 6 8 10 12
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(b) The moment of inertia is a constant 0.550 k-gm? , what is the final
angular velocity of the grinder wheel?

LF: L o
6o = (g,ly)w.c

—

g = )éq '%D

Act II: Rotational energy

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.

@) 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.

Change in rotational kinetic energy.
g Change in energy.

Problem Statement: Match the following energy flow diagrams with the given scenario.

(a) While fishing, you hook into a killer Oregon steelhead and A
it begins taking line, swimming directly away from you. o i )
Snapshots were taken when the fish was at the following |[Environment ;o
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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

.System. A B
| Chem
. KET.

KEg
| ¥ I

U

| —Sound|

E

System
Chem|

KE, |
KEg

|Environment Time

[Environment T

ime

(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

System| A B System| A B
| _Chem| | Chem| |
_ KET_ KET_
KEg KEg
| U I ¥ I
| T I T I
.E50und ESaund.
= [ E™ [
[ Environment Tir;ua. - ) Environment Tir;1e -
System A B C System| A B C
| _chem | | _chem
| | KE; | KE;
| KEg KEg,
v U
Ty U
ESDund 'ESnund'
ETh ETh [

[Environment  Time
| —_—

D

[Environment

(c) Consider the same scenario as part (b), but this time the system is

stone+surface+person. Fill out the energy flow diagram below.

Rotational Mechanics Page 8

System| A B C .Sys(em. A B C
| Chem. | Chem
KE, [ ke |
KEg KEq
: ¥ | | | T |
U v
ESnund. ESuum:I
E™ | E™
= - . e
." Environment Time




(d) A round of bowling begins with a bowling ball in a
person's hand raised backwards above the level ground.
Snapshots are taken when the ball is at the following
locations:
A: The ball and person are at rest with the ball at some
height above the ground cocked backwards.
B: The ball is two thirds down the lane with the velocity
of the center of mass and angular velocity about the
center of mass given.
C: The ball is about to hit the pins with the velocity of
the center of mass and angular velocity about the
center of mass given.
D: The ball and pins are at rest.
System: person + ball + lane + earth + pins + atmosphere

Everything at rest

|

\Vem=10m/s
Wem= 4 rad/s w &
B Vem=8m/s | \l T

wcm= 18rad/s

i

|

|

|
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System A
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| Environment

System A
Chem|

[ Environment
.
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Problem Statement: A solid sphere rolls without slipping along a track shaped as shown below. It starts from rest at location A 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?
below S

Q at the same height as hnitlal ©

@ @

@. (_}I(.K A Q

U(o QF\fT
the 3 T B
Yo
@ mx ke <o —

kEa %0 Lo~ns
o
P 0 > L = (4l
04 éﬁ %;}4@- L0304 9’5/::1 -%-r +kRes + 0%
05 = kEn..r 0%

L/-\/\/

5o 02 703
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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.
b-=c
B

2
dx= Vs 1 44 olM4"

21 A ) g =y La gy
3 X=Vix At
IN \\.\\ B KN X Z{fj:~"i j A f_zv
(3‘0 v . — \
Bx
Iy s° Mk Ay St 9
AX c AX < Vg 30 Ay <~ omsr

%%4-()2 4 %0; REre+ ffan fy?n/()
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%Av %4—02 4 W/frv‘ Kre+ [Fan *}170/
L) = Kerg +Kee

kS

Mmgh= $mVy + $T,.w

S NS N~ A,

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 ;o |

| —_— |I
f System A B |
|I | _Chem ||
|
- ! |
|
KE; e '

 BRNE
| ' ITJER' \§. B Vem = 0mys

| | | O Wem=0rad/s

| | _Sound| | e :wcm= 10 rade:
E h

|I | _ | Vem = 10m/s S\
I ETh | =, 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?
)

s° Vit 7° 7 s0
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(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?

o p7 ) P o °
AECe™ 4+ AKE; + y(fR + AUY + AUS + AESoundAEy/z W/ / /
fere o ko + V7= Rl 403

(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.

M + 1 Taw' = Mgy

(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.

Initial system energy during Final system energy Lyt = 1T
urin 2 '

Chem

KET KER Ug Us ESound ETh W Chem KET KER Ug US ESound ETh

“'L/M"u\' < 4 O’

A7
J
|
|
] A sl
1
A/
—— e —— — —— 0

RC.2.11-12:

—
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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 hanging mass be going after the same amount of time
elapses?
P .....rnp

@ 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.

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.

— o
@ larger because she's rotating faster. {]J,‘T o~ A«f- = /l L
. - v L e
(3) smaller because her moment of inertia is smaller.
O = AL

L—cr«- = Cg¢S7 .

L—(M = -E(I"\ “J

¥

ﬁ\fz& oL W So w
~
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Conceptual questions for discussion

antage to use such poles when walking along a tight rope.
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