Homework #9

Problems: 2, 11, 12, 30, 34, 46, 56 in chapter 9
2.  
REASONING   The torque is given by Equation 9.1, 
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, where F is the magnitude of the applied force and 
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 is the lever arm.  From the figure in the text, the lever arm is given by 
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. Since both 
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 and 
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 are known, Equation 9.1 can be solved for F.  


SOLUTION   Solving Equation 9.1 for F, we have
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	 11. REASONING   The drawing shows the forces acting on the person. It also shows the lever arms for a rotational axis perpendicular to the plane of the paper at the place where the person’s toes touch the floor. Since the person is in equilibrium, the sum of the forces must be zero. Likewise, we know that the sum of the torques must be zero.


	



SOLUTION  Taking upward to be the positive direction, we have
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Remembering that counterclockwise torques are positive and using the axis and the lever arms shown in the drawing, we find
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Substituting this value into the balance-of-forces equation, we find
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The force on each hand is half the value calculated above, or 
[image: image10.wmf]196
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. Likewise, the force on each foot is half the value calculated above, or 
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12.
REASONING   When the board just begins to tip, three forces act on the board. They are the weight W of the board, the weight WP of the person, and the force F exerted by the right support.  
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Since the board will rotate around the right support, the lever arm for this force is zero, and the torque exerted by the right support is zero.  The lever arm for the weight of the board is equal to one-half the length of the board minus the overhang length: 2.5 m ( 1.1 m = 1.4 m. 


The lever arm for the weight of the person is x.  Therefore, taking counterclockwise torques as positive, we have
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This expression can be solved for x.


SOLUTION   Solving the expression above for x, we obtain
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30.
REASONING  According to Newton’s second law for rotational motion,  = I, the angular acceleration  of the blades is equal to the net torque  applied to the blades divided by their total moment of inertia I, both of which are known.


SOLUTION  The angular acceleration of the fan blades is
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34.
REASONING  The net torque  acting on the CD is given by Newton’s second law for rotational motion (Equation 9.7) as where I is the moment of inertia of the CD and  is its angular acceleration. The moment of inertia can be obtained directly from Table 9.1, and the angular acceleration can be found from its definition (Equation 8.4) as the change in the CD’s angular velocity divided by the elapsed time.


SOLUTION The net torque is Assuming that theCD is a solid disk, its moment of inertia can be found from Table 9.1 as 
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 where M and R are the mass and radius of the CD. Thus, the net torque is
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The angular acceleration is given by Equation 8.4 as
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, where  and 0 are the final and initial angular velocities, respectively, and t is the elapsed time. Substituting this expression for  into Newton’s second law yields
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46.
REASONING  Each blade can be approximated as a thin rod rotating about an axis perpendicular to the rod and passing through one end. The moment of inertia of a blade is given in Table 9.1 as 
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, where M is the mass of the blade and L is its length. The total moment of inertia I of the two blades is just twice that of a single blade. The rotational kinetic energy KER of the blades is given by Equation 9.9 as
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, where  is the angular speed of the blades.


SOLUTION  

a. The total moment of inertia of the two blades is
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b.  The rotational kinetic energy is
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56.
REASONING AND SOLUTION

The conservation of angular momentum applies about the indicated axis

Idd + MpRp2p = 0     where    p = vp/Rp

Now  Id = (1/2) MdRd2. Combining and solving yields

d = 2(Mp/Md)(Rp/Rd2)vp = 
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The magnitude of d is
[image: image25.wmf]0.500 rad/s

.  The negative sign indicates that the disk rotates in a direction opposite to the motion of the person.  
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