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12-14 A bowler throws a bowling ball of 
radius R = 11 cm along a lane.  The ball 
slides on the lane, with initial speed 
vcom,0=8.5 m/s and initial angular speed 
ω0=0.  The coefficient of kinetic friction 
between the ball and the lane is 0.21.  The 
kinetic frictional force fk acting on the ball 
(Fig. 12-34) causes a linear acceleration of 
the ball while producing a torque that causes 
an angular acceleration of the ball. When 
speed vcom has decreased enough and angu-
lar speed ω has increased enough, the ball 
stops sliding and then rolls smoothly.  

(a) What then is vcom in terms of w?  
During the sliding, what are the ball's  

(b) linear acceleration and  
(c) angular acceleration?  
(d) How long does the ball slide?  
(e) How far does the ball slide?  
(f) What is the speed of the ball when 

smooth rolling begins?
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12-26 A 2.0 kg particle-like object moves in a plane with velocity components 
vx = 30 m/s and vy = 60 m/s as it passes through the point with (x, y) coordi-
nates of (3.0, -4.0) m.  Just then, what is its angular momentum relative to 

(a) the origin and  
(b) the point (-2.0, -2.0) m? 
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12-38 Figure 12-39 shows a rigid 
structure consisting of a circular 
hoop of radius R and mass m, and a 
square made of four thin bars, each 
of length R and mass m. The rigid 
structure rotates at a constant speed 
about a vertical axis, with a period 
of rotation of 2.5 s. Assuming R = 
0.50 m and m = 2.0 kg, calculate (a) 
the structure's rotational inertia 
about the axis of rotation and (b) its 
angular momentum about that axis. 
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12-48 A girl of mass M stands on the rim of a frictionless merry-go-round of 
radius R and rotational inertia I that is not moving. She throws a rock of mass m 
horizontally in a direction that is tangent to the outer edge of the merry-go-
round. The speed of the rock, relative to the ground, is v.  Afterward, what are  

(a) the angular speed of the merry-go-round and  
(b)  the linear speed of the girl? 
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13-2 The leaning Tower of Pisa 
(Fig. 13-22 ) is 55 m high and 7.0 m 
in diameter. The top of the tower is 
displaced 4.5 m from the vertical. 
Treat the tower as a uniform, circu-
lar cylinder.  

(a) What additional displace-
ment, measured at the top, 
would bring the tower to the 
verge of toppling?  

(b) What angle would the tower 
then make with the vertical?
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13-28 In Fig. 13-39 , a thin horizon-
tal bar AB of negligible weight and 
length L is hinged to a vertical wall 
at A and supported at B by a thin 
wire BC that makes an angle q with 
the horizontal. A load of weight W 
can be moved anywhere along the 
bar; its position is defined by the 
distance x from the wall to its center 
of mass. As a function of x, find  

(a) the tension in the wire, and  
(b) horizontal and  
(c) vertical components of the 

force on the bar from the 
hinge at A. 
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13-36 Figure 13-44 shows the 
stress–strain curve for quartzite. 
What are  

(a) the Young's modulus and  
(b) the approximate yield 

strength for this material? 

 
 

 
 
 


