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Mech. 3.  

  A large circular disk of mass m  and radius R is initially stationary on a horizontal icy surface. A person of mass 
2m  stands on the edge of the disk. Without slipping on the disk, the person throws a large stone of mass 20m  

horizontally at initial speed 0u  from a height h above the ice in a radial direction, as shown in the figures above. 

The coefficient of friction between the disk and the ice is m . All velocities are measured relative to the ground. 

The time it takes to throw the stone is negligible. Express all algebraic answers in terms of m, R, 0u , h, m , and 

fundamental constants, as appropriate.  

(a) Derive an expression for the length of time it will take the stone to strike the ice. 

(b) Assuming that the disk is free to slide on the ice, derive an expression for the speed of the disk and person 
immediately after the stone is thrown. 

(c) Derive an expression for the time it will take the disk to stop sliding. 
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Question 3 

 
15 points total        Distribution 

of points   
(a) 2 points 

 
For using a correct kinematics expression for the vertical motion  1 point 

2
0 1

1
2y y t atu- = +  

  

210 2h gt= +  
  

For a correct answer  1 point 
2t h g=    

 
(b) 3 points 
 

For a statement of conservation of momentum or Newton’s third law  1 point 

i fp p=    
For substituting the momentum of the stone into a correct expression for 

conservation of momentum  
 1 point 

For substituting the momentum of the person-disk system into a correct 
expression for conservation of momentum 

 1 point 

1 1 2 20 m mu u= +

( )00 20 2
m mmu u= + +  ( ) ( )

0
3 1
2 20mu = - mu

  

0
1

30u u= -   
  

Note: Since the question asks for speed, the negative sign is not needed. There is 
no penalty for including it.

 

  

 
(c) 3 points 

 
For using a correct expression of Newton’s second law with friction as the net 

force 
 1 point 

f = ma
mg maμ =  

a gμ=

  

For correctly substituting the velocity from part (b) and the acceleration into an 
appropriate kinematics equation 

 1 point 

2 1 atu u= +

0
10 30 gtu μ= - +  

  

For an answer consistent with part (b)  1 point 

0
30t g

u
μ

=  
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Question 3 (continued) 

 
       Distribution 
  of points 
(c) (continued) 
 

Alternate Solution  Alternate points 
For using a correct expression for impulse and change in momentum, with friction 

as the force 
 1 point 

( )2 1Ft p m u u△= = -    
( )2 1mgt mμ u u- = -    

For correct substitutions  1 point 

( )0
10 30mgt mμ u- = -  

  

For an answer consistent with part (b)  1 point 

0
30t g

u
μ

=  
  

 
(d) 4 points 

 
For a statement of conservation of total angular momentum  1 point 

i fL L=    

L = mru  for linear motion   
L Iω=  for rotation   
For substituting the angular momentum of the stone into a correct expression of 

conservation of angular momentum 
 1 point 

For substituting the angular momentum of the person into a correct expression of 
conservation of angular momentum 

 1 point 

For substituting the angular momentum of the disk into a correct expression of 
conservation of angular momentum 

 1 point 

0 s s s D D P Pm r I Iu ω ω= + +     

( ) 2
2

00 20 2 2
m mR mRu ω

Ê= - +ÁË

( ) 2
2 2

020 2 2
m mR mR R mRu ω ω ω

Ê ˆ= + =Á ˜Ë ¯
 

0
2

20
m R

mR

u
ω =

R ω
ˆ
˜̄

  

0
20R
u

ω =  
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Question 3 (continued) 

 
       Distribution 
  of points 
(e) 3 points 
 

For selecting “Less than”  1 point 
For correctly identifying a decrease in the stone’s angular momentum  1 point 
For correctly identifying a decrease in the person’s rotational inertia  1 point 
 Example: If the stone is thrown from a point closer to the center of the disk, its 

angular momentum around the center of the disk decreases, resulting in a 
decrease of the angular momentum gained by the disk/person system. In 
addition, the person’s rotational inertia is decreased, which decreases the 
rotational inertia of the disk-person system. The effect of this decrease in the 
rotational inertia of the person is less than the effect of the decrease in the 
angular momentum. Therefore, the disk/person system must have a decrease 
in its angular speed.   

  

Example: From angular momentum conservation, we have 

+      stone disk personL L=

( )        stone disk personL I I ω= +  
2

2
0  2 2stone

mR mm r Ê= +ÁË

   

  ru ω
ˆ
˜̄

where r is the distance of the person from the center of the disk. If r is 
decreased from R to 2R , then the stone’s rotational inertia (left-hand-side of 
the boxed equation) is reduced to half of its previous value. The person’s 
rotational inertia is reduced to one quarter of its previous value, but the 
combined disk+person rotational inertia (included in right-hand-side of boxed 
equation) is still greater than half of its previous value. Solving for ω  therefore 
yields a value that is less than it was previously. 

  

Note: If neither the stone nor the person are explicitly mentioned, one point may 
still be earned for the justification. If just one of either the stone or person are 
explicitly mentioned, both points for the justification may be earned. 

  

Note:  Indicating a decrease in the torque is equivalent to indicating a decrease in 
the change in angular momentum. 
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