
Problem 6: Part A
In Figure, disk 1 is hollow with M1 = 3kg , radius R1 = 0.5 kg, Disk 3 is solid with M3 = 0.8 kg, radius R3 = 0.15 m. Data 
on disk 2 is unknown . Initially, the disks are rotation as shown. They undergo a collision to the final state (right), 
where the disks stick together, with an angular velocity of !" = 2.453)*+ , -./, in the same direction of !/.
A) Calculate the initial (left) angular momentum of each of the disks 1 and 2, and indicate the directions beside 
each disk. Hence find the moment of inertia and angular momentum of disk 2. B) Calculate the final angular 
momentum of all three disks on the right. Indicate the direction of the final angular momentum, 0". C) Find the 
final angular velocity (magnitude and direction) if the 12 you calculated is tripled.
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MOST IMPORTANT POINT: 
From point 1 to 2, there’s friction and the sphere rolls down the hill without slipping (static 
friction). The static friction applies a torque that changes the angular speed of from oC = 0 to 

oC = 187
h/|

-
 . From point 2 to 3, there’s no friction, and hence no torque to 

change the angular speed, oC = oK = 187
h/|

-
 

 
Problem 6 
In the diagram below, disk 1 is hollow with M1 = 3kg and radius R1 = 0.5 kg, Disk 3 is solid with 
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		 ω2 =187rad i s−1
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		 ω2 =187rad i s−1

Solution of Part A

Disk 1: 1/ = 3/4/2 = 556× 0.59 2 = 1.2556 , 92

!/ = 30 ;<=
>?@

= A ;BC
D

Using the right-hand rule (rhr) direction of 0/ is up, as in figure. 

Assume up ( +z and ccw about axis of rotation) to be positive.

EF = 1/!/ = 3.927 IJ,>
K

D
L5

EF

0/ = 1/!/ = 3.927
56 , 92

-

Disk 3: 1M =
/
2
3M4M2 =

/
2
0.856× 0.159 2 = 9×10.M56 , 92

!M = 90 ;<=
>?@

= 3A ;BC
D

Using the right-hand rule (rhr) direction of 0M is down, as in figure. 
0M = 1M!M = −0.084823

56 , 92

-

EO = 1M!M = −0.084823 IJ,>
K

D
L5

EO



Problem 6: Part A (Continued 2)
In Figure, disk 1 is hollow with M1 = 3kg , radius R1 = 0.5 kg, Disk 3 is solid with M3 = 0.8 kg, radius R3 = 0.15 m. Data 
on disk 2 is unknown . Initially, the disks are rotation as shown. They undergo a collision to the final state (right), 
where the disks stick together, with an angular velocity of !" = 2.453)*+ , -./, in the same direction of !/.
A) Calculate the initial (left) angular momentum of each of the disks 1 and 2, and indicate the directions beside 
each disk. Hence find the moment of inertia and angular momentum of disk 2. 
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		 ω2 =187rad i s−1

Solution of Part A

Assume up ( +z and ccw about axis of rotation) to be positive.

01 = 2/!/ = 3.927 56,7
8

9
:;

01

0< = −2>!> = −0.084823 56,7
8

9
:;

0<
AFTER COLLISION: Final Moment of inertia 
2" = 2/ + 2B + 2> = 1.25;D , EB + 2B + 9×10.>;D , EB = 1.259;D , EB + 2B
Final angular momentum G" = 2"!", !" = 2.453)*+ , -./, 

G" = 2"!" = 1.259;D , EB + 2B ×2.453)*+ , -./

G" = 2"!" = 3.088327 ;D , E
B

- + 2B!"



Problem 6: Part A (Continued 3)
In Figure, disk 1 is hollow with M1 = 3kg , radius R1 = 0.5 kg, Disk 3 is solid with M3 = 0.8 kg, radius R3 = 0.15 m. Data 
on disk 2 is unknown . Initially, the disks are rotation as shown. They undergo a collision to the final state (right), 
where the disks stick together, with an angular velocity of !" = 2.453)*+ , -./, in the same direction of !/.
A) Calculate the initial (left) angular momentum of each of the disks 1 and 2, and indicate the directions beside 
each disk. Hence find the moment of inertia and angular momentum of disk 2. 
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		 ω2 =187rad i s−1

Solution of Part A
Assume up ( +z and ccw about axis of rotation) to be positive.

01 = 2/!/ = 3.927
56,78

9
:;

01

0< = 2=!= = −0.084823
56,78

9
:;

0<
AFTER COLLISION: Final Angular Momentum

A" = 2"!" = 3.088327
;B , CD

-
+ 2D!"

CONSEVATION OF ANGULAR MOMENTUM
Initial AF = 2/!/ − 2D!D − 2=!= = 2"!" = A" Final
The term −2D!D is  negative sign due to CW rotation about the axis

3.927
;B , CD

-
− 2D!D − 0.084823

;B , CD

-
= 3.088327;B , CD , -./ + 2D!"

0.75385
;B , CD

-
= 2D !" + !D → 2D =

0.75385
;B , CD

-
2.453)*+ , -./ + 2H)*+ , -./

2D = 0.0863;B , CD



Problem 6: Part B
In Figure, disk 1 is hollow with M1 = 3kg , radius R1 = 0.5 kg, Disk 3 is solid with M3 = 0.8 kg, radius R3 = 0.15 m. Data 
on disk 2 is unknown . Initially, the disks are rotation as shown. They undergo a collision to the final state (right), 
where the disks stick together, with an angular velocity of !" = 2.453)*+ , -./, in the same direction of !/.
B) Calculate the final angular momentum of all three disks on the right. Indicate the direction of the final angular 

momentum, 0". 
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MOST IMPORTANT POINT: 
From point 1 to 2, there’s friction and the sphere rolls down the hill without slipping (static 
friction). The static friction applies a torque that changes the angular speed of from oC = 0 to 

oC = 187
h/|

-
 . From point 2 to 3, there’s no friction, and hence no torque to 

change the angular speed, oC = oK = 187
h/|

-
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		 ω2 =187rad i s−1

Solution of Part B: Below are results from part A
Assume up ( +z and ccw about axis of rotation) is positive. 12 = 3/!/ = 3.927 67,8

9

:
;<

12

1= = 3>!> = −0.084823 67,8
9

:
;<

1=

0" = 3"!" = 3.088327
<B , CD

-
+ 3D!"

3D = 0.0863<B , CD

0" = 3"!" = 3.088327
<B , CD

-
+ 0.0863<B , CD 2.453)*+ , -./

0" = 3.11
<B , CD

-
;<

1H

0D = −3D!D = − 0.0863<B , CD 2I )*+ , -./ = −0.542
<B , CD

-

0D = −0.542
<B , CD

-
;<

1J

!D = 60
)KL
CMN

×
2I )*+ , )KL./

60- , CMN./
= 2I

)*+
-



Problem 6: Part C
In Figure, disk 1 is hollow with M1 = 3kg , radius R1 = 0.5 kg, Disk 3 is solid with M3 = 0.8 kg, radius R3 = 0.15 m. Data 

on disk 2 is unknown . Initially, the disks are rotation as shown. They undergo a collision to the final state (right), 

where the disks stick together, with an angular velocity of !" =?.  In part A we showed tat the mo %& = 0.0863,- .
/&moment of inertia of disk 2 is  %& = 0.0863,- . /& .
C) Find the final angular velocity (magnitude and direction) if the %& you calculated is tripled.
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MOST IMPORTANT POINT: 
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h/|

-
 . From point 2 to 3, there’s no friction, and hence no torque to 

change the angular speed, oC = oK = 187
h/|

-
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		 ω2 =187rad i s−1

Solution C:

Disk 2: %& = 3×0.0863,- . /& = %& = 0.259,- . /&Assume up ( +z and ccw about axis of rotation) is positive.

45

46

Final Angular Momentum 78 = %898

78 = 2.215
,- . /&

;
<,

4"

4=

CONSEVATION OF ANGULAR MOMENTUM
Initial 7> = %?9? − %&9& − %A9A = %898 = 78 Final

7> = 1.25,- . /
&×B

CDE

F
− 0.259,- . /&×2B

CDE

F
- −9×10GA,- . /&×3B

CDE

F

Disk 1: %? = H?I?
& = 1.25,- . /& Disk 3: %A =

?

&
HAIA

& = 9×10GA,- . /&

7> = 2.215,- . /& . ;G?

Final moment of inertia %8 = %? + %& + %A = 1.5179,- . /&

= 2.215,- . /& . ;G? = 7> Initial 

98 =
7>
%8
=
2.215,- . /& . ;G?

1.5179,- . /&
→ 98 = 1.403NOP . ;G?

Final angular momentum is 78 = %898 = 2.215,- . /& . ;G?, up (CCW)



Problem 7: Part A and B
In figure, a carousel has a radius of 3.0 m and a moment of inertia of !" = 2000&' ( )*, for rotation about axis 
perpendicular to the its center. The carousel is rotating unpowered and without friction with an angular velocity of 
1.1 rad/s. A 120-kg super-athlete runs with a velocity of +, = 10./ , in a direction at 0 = 30°with the vertical, at 
the rim of the carousel, as shown below. He grabs hold of a pole on the rim.

+y 

+x 

Direction perpendicular to x-y 
plane 
⊙ indicates +z out of the page 
⊗ indicates –z into page 
USE THIS CONVENTION TO 
INDICATE THE DIRECTION OF 
ANGULAR MOMENTUM 

 
In figure below, a carousel has a radius of 3.0 m and a moment of inertia of né = 2000;J ∙ IC, 
for rotation about axis perpendicular to the its center. The carousel is rotating unpowered and 
without friction with an angular velocity of 1.1 rad/s. A 120-kg super-athlete runs with a velocity 
of 7Y = 10

.

-
, in a direction at L = 30°with the vertical, at the rim of the carousel, as shown 

below. He grabs hold of a pole on the rim. 
 
 
 
                   q 
           7Y               
 
                                          wI 
 
 

 
                    Initial (I)                                           Final (F) 

A) Before the collision, what is the magnitude of the angular momentum of the rotating carousel, 
ÅB⃗ é , with respect to the center of the carousel? What is the direction of ÅB⃗ ? Directions (+x, +y, +z, 
-x, -y, -z) are as indicated in the above figure. 
ANSWER: Åé = 2200;J ∙ IC ∙ OÄE, with direction ⊙, +z, or ÅB⃗ é = (2200;J ∙ IC ∙ OÄE)	;è  
 
B) Before the collision, what is the magnitude of the angular moment of the running 80-kg man, 
ÅB⃗ ê, with respect to the center of the carousel? What is the direction of ÅB⃗ ê?  
ANSWER: Åê = 1800;J ∙ IC ∙ OÄE, with direction ⨂, −í, or  ÅB⃗ ê = −(1800;J ∙ IC ∙ OÄE)	;è   
 
C) After the collision when the man is on the carousel, what is the magnitude of the final angular 
velocity of the carousel (with the man on it), o>? What is the direction of the final angular 
velocity oBB⃗ >? Note: njij/[ = né +It

C 
ANSWER: o> = 0.136p4P ∙ OÄE, with direction ⊙, +z, or oBB⃗ > = (0.136p4P ∙ OÄE)	;è. 
 

A) Before the collision, what is the magnitude of the angular
momentum of the rotating carousel, 3" , with respect to the
center of the carousel? What is the direction of 34 ? Directions
(+x, +y, +z, -x, -y, -z) are as indicated in the above figure.

3" = !"56 = 2200&' ( )* ( 789

o

o

with direction ⊙, +z

3" = 2200&' ( )* ( 789 ;&

B) Before the collision, what is the magnitude of the angular 
moment of the running 120-kg man, 3<, with respect to the 
center of the carousel? What is the direction of 3<?

+,
R

=0
Angular Momentum about Origin o

3< = =×@⃗
3< = =)+, sin 0 = 3)×120&'×10)7 sin 30

°

3< = 1800&' ( )* ( 789

Direction?
⨂, −G

3< = − 1800&' ( )* ( 789 ;&



Problem 7: Part C
In figure, a carousel has a radius of 3.0 m and a moment of inertia of !" = 2000&' ( )*, for rotation about axis 
perpendicular to the its center. The carousel is rotating unpowered and without friction with an angular velocity of 
1.1 rad/s. A 120-kg super-athlete runs with a velocity of +, = 10

.

/
, in a direction at 0 = 30°with the vertical, at 

the rim of the carousel, as shown below. He grabs hold of a pole on the rim.
+y 

+x 

Direction perpendicular to x-y 
plane 
⊙ indicates +z out of the page 
⊗ indicates –z into page 
USE THIS CONVENTION TO 
INDICATE THE DIRECTION OF 
ANGULAR MOMENTUM 

 
In figure below, a carousel has a radius of 3.0 m and a moment of inertia of né = 2000;J ∙ IC, 
for rotation about axis perpendicular to the its center. The carousel is rotating unpowered and 
without friction with an angular velocity of 1.1 rad/s. A 120-kg super-athlete runs with a velocity 
of 7Y = 10

.

-
, in a direction at L = 30°with the vertical, at the rim of the carousel, as shown 

below. He grabs hold of a pole on the rim. 
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           7Y               
 
                                          wI 
 
 

 
                    Initial (I)                                           Final (F) 

A) Before the collision, what is the magnitude of the angular momentum of the rotating carousel, 
ÅB⃗ é , with respect to the center of the carousel? What is the direction of ÅB⃗ ? Directions (+x, +y, +z, 
-x, -y, -z) are as indicated in the above figure. 
ANSWER: Åé = 2200;J ∙ IC ∙ OÄE, with direction ⊙, +z, or ÅB⃗ é = (2200;J ∙ IC ∙ OÄE)	;è  
 
B) Before the collision, what is the magnitude of the angular moment of the running 80-kg man, 
ÅB⃗ ê, with respect to the center of the carousel? What is the direction of ÅB⃗ ê?  
ANSWER: Åê = 1800;J ∙ IC ∙ OÄE, with direction ⨂, −í, or  ÅB⃗ ê = −(1800;J ∙ IC ∙ OÄE)	;è   
 
C) After the collision when the man is on the carousel, what is the magnitude of the final angular 
velocity of the carousel (with the man on it), o>? What is the direction of the final angular 
velocity oBB⃗ >? Note: njij/[ = né +It

C 
ANSWER: o> = 0.136p4P ∙ OÄE, with direction ⊙, +z, or oBB⃗ > = (0.136p4P ∙ OÄE)	;è. 
 

A) Answer: 3" = 2200&' ( )* ( 456 7&

o o

⊙, +z  or CCW

9: = 0.136 =>? ( 456 7&

B) Answer: 3@ = − 1800&' ( )* ( 456 7&

Final Angular Velocity

9: =
400&' ( )*

3080&' ( )* = 0.136=>? ( 456

Direction?
Initial     3D + 3@ = !FGFHI9: Final

C) After the collision when the man is on the carousel, 
what is the magnitude of the final angular velocity of the 
carousel (with the man on it), 9J? What is the direction
of the final angular velocity 9J? Note: !FGFHI = !" + )K*

!FGFHI = !" + )K*

!FGFHI = 2000&' ( )* + 120&' 3) *

R

Carousel           Man
= 3080&' ( )*

2200&' ( )* ( 456 −1800&' ( )* ( 456= 400&' ( )*= !FGFHI 9:

LM


