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10.62. IDENTIFY:   The kinetic energy of the disk is 1
2 2 .1

cmK Mv Iã õ  As it falls its gravitational potential 

energy decreases and its kinetic energy increases. The only work done on the disk is the work done by 
gravity, so 1 1 2 2.K U K Uõ ã õ  

SET UP:   2 21
cm 2 12 ( ),I M R Rã õ  where 1 0 300 mR ã ò  and 2 0 500 m.R ã ò  cm 2 .v Rã  Take 1 0,y ã  so 

2 2 20 m.y ã � ò  

EXECUTE:   1 1 2 2.K U K Uõ ã õ  1 0,K ã  1 0.U ã  2 2.K Uã �  2 21 1
cm cm 22 2 .Mv I Mgyõ ã �  

2 2 2 21 1
cm 1 2 cm cm2 4 (1 [ / ] ) 0 340 .I M R R v Mvã õ ã ò  Then 2

cm 20 840Mv Mgyò ã �  and 

2
2

cm
(9 80 m/s )( 2 20 m) 5 07 m/s.

0 840 0 840
gyv � � ò � òã ã ã ò

ò ò
EVALUATE:   A point mass in free fall acquires a speed of 6.57 m/s after falling 2.20 m. The disk has a 
value of cmv  that is less than this, because some of the original gravitational potential energy has been 
converted to rotational kinetic energy. 

10.63. IDENTIFY:   Use z zIã  to find the angular acceleration just after the ball falls off and use 
conservation of energy to find the angular velocity of the bar as it swings through the vertical position. 
SET UP:   The axis of rotation is at the axle. For this axis the bar has 21

12 ,barI m Lã  where bar 3 80 kgm ã ò  

and 0 800 m.L ã ò  Energy conservation gives 1 1 2 2.K U K Uõ ã õ  The gravitational potential energy of the 
bar doesn�t change. Let 1 0,y ã  so 2 /2.y Lã �  

EXECUTE:   (a) ball ( /2)z m g Lã  and 2 21
ball bar bar ball12 ( /2) .I I I m L m Lã õ ã õ  z zIã  gives 

ball ball
2 21

ball barbar ball12

( /2) 2
/3( /2)z

m g L g m
L m mm L m L

ã ã
õõ

and 

2
22(9 80 m/s ) 2 50 kg 16 3 rad/s .

0 800 m 2 50 kg [3 80 kg]/3z
ò òã ã ò
ò ò õ ò

(b) As the bar rotates, the moment arm for the weight of the ball decreases and the angular acceleration of 
the bar decreases. 
(c) 1 1 2 2.K U K Uõ ã õ  2 20 .K Uã õ  21

bar ball ball2 ( ) ( /2).I I m g Lõ ã � �  

2
ball ball

2 2
ball barball bar

4 9 80 m/s 4[2 50 kg]
/3 0 800 m 2 50 kg [3 80 kg]/3/4 /12

m gL g m
L m mm L m L

ò òã ã ã
õ ò ò õ òõ

5 70 rad/s.ã ò  
EVALUATE:   As the bar swings through the vertical, the linear speed of the ball that is still attached to the 
bar is (0 400 m)(5 70 rad/s) 2 28 m/s.v ã ò ò ã ò  A point mass in free-fall acquires a speed of 2.80 m/s after 
falling 0.400 m; the ball on the bar acquires a speed less than this. 

10.64. IDENTIFY:   Use z zIã  to find ,z  and then use the constant z  kinematic equations to solve for t. 
SET UP:   The door is sketched in Figure 10.64. 

EXECUTE:   
(220 N)(1 25 m) 275 N mz Fl

From Table 9.2(d), 21
3I Mlã  

2 21I ã 3 (750 N/9 80 m/s )(1 25 m)ò ò ã  
239 9 kg m  

Figure 10.64   

z zIã  so 2
2

275 N m 6 89 rad/s
39 9 kg m

z
z ã

I
ã ã ò  

SET UP:   26 89 rad/s ;z ã ò  0 90 (  rad/180 ) /2 rad;� ã p p ã  0 0z ã  (door initially at rest); ?t ã  
21

0 0 2z zt t� ã õ  

EXECUTE:   0
2

2( ) 2( /2 rad) 0 675 s
6 89 rad/sz

t �ã � ã ò
ò

EVALUATE:   The forces and the motion are connected through the angular acceleration. 


