CHAPTER 8:  Rotational Motion

Answers to Questions
1.
The odometer designed for 27-inch wheels increases its reading by the circumference of a 27-inch wheel 
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 for every revolution of the wheel.  If a 24-inch wheel is used, the odometer will still register 
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 for every revolution, but only 
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 of linear distance will have been traveled.  Thus the odometer will read a distance that is further than you actually traveled, by a factor of 
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.  The odometer will read 12.5% too high.

6.
When you do a sit-up, torque from your abdomen muscles must rotate the upper half of the body from a laying-down position to a sitting-up position.  The larger the moment of inertia of the upper half of the body, the more torque is needed, and thus the harder the sit-up is to do.  With the hands behind the head, the moment of inertia of the upper half of the body is larger than with the hands outstretched in front.
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10.
Just because the net force on a system is zero, the net torque need not be zero.  Consider a uniform object with two equal forces on it, and shown in the first diagram.  The net force on the object is zero (it would not start to translate under the action of these forces), but there is a net counterclockwise torque about the center of the rod (it would start to rotate under the action of these forces).


Just because the net torque on a system is zero, the net force need not be zero.  Consider an object with two equal forces on it, as shown in the second diagram.  The net torque on the object is zero (it would not start to rotate under the action of these forces), but there is a net downward force on the rod (it would start to translate under the action of these forces).

Solutions to Problems

19.
(a)
The angular acceleration can be found from 
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(b)
The time to come to a stop can be found from 
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23.
The torque is calculated by 
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.  See the diagram, from the top view.


(a)
For the first case, 
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(b)
For the second case, 
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32
The oxygen molecule has a “dumbbell” geometry, rotating about the dashed line, as shown in the diagram.  If the total mass is M, then each atom has a mass of M/2.  If the distance between them is d, then the distance from the axis of rotation to each atom is d/2.  Treat each atom as a particle for calculating the moment of inertia.




[image: image14.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

222

2

1

4

4622610

2222222  

441.910kgm5.310kg1.210m

IMdMdMdMd

dIM

---

=+==®

==´´=´

g


34.
(a)
The moment of inertia of a cylinder is found in Figure 8-21.
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(b)
The wheel slows down “on its own” from 1500 rpm to rest in 55.0s.  This is used to calculate 

the frictional torque.
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The net torque causing the angular acceleration is the applied torque plus the (negative) frictional torque.
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47.
The work required is the change in rotational kinetic energy.  The initial angular velocity is 0.


[image: image19.wmf](

)

(

)

2

2

22224

11111

rot

22224

2 rad

1640 kg7.50 m1.4210J

8.00 s

fif

WKEIIMR

p

www

=D=-===´

æö

ç÷

èø


J8: What is the tangential acceleration of a point on the edge of a wheel of radius 0.5 meters and moment of inertia 5 kg.m2 when a 100 Newton force acts at that point?  Assume that the force makes a 37 degree angle with the radius to that point, and that a 2.0 N.m frictional torque also acts on the wheel.
61.
Since the person is walking radially, no torques will be exerted on the person-platform system, and so angular momentum will be conserved.  The person will be treated as a point mass.  Since the person is initially at the center, they have no initial rotational inertia.


(a)
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(b)
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67.
The angular momentum of the person – turntable system will be conserved.  Call the direction of the person’s motion the positive rotation direction.  Relative to the ground, the person’s speed will be 
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 is the person’s speed relative to the turntable, and 
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 is the speed of the rim of the turntable with respect to the ground.  The turntable’s angular speed is 
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, and the person’s angular speed relative to the ground is 
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.  The person is treated as a point particle for calculation of the moment of inertia.
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