Homework #4

Problems: 1, 18, 36, 38, 50, 63, 66  in chapter 4

1.
REASONING AND SOLUTION   According to Newton’s second law, the acceleration is a = (F/m.  Since the pilot and the plane have the same acceleration, we can write
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Therefore, we find
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18.
REASONING  Newton’s law of universal gravitation indicates that the gravitational force that each uniform sphere exerts on the other has a magnitude that is inversely proportional to the square of the distance between the centers of the spheres.  Therefore, the maximum gravitational force between two uniform spheres occurs when the centers of the spheres are as close together as possible, and this occurs when the surfaces of the spheres are touching.  Then, the distance between the centers of the spheres is the sum of the two radii.


SOLUTION  When the bowling ball and the billiard ball are touching, the distance between their centers is r = rBowling + rBilliard.  Using this expression in Newton’s law of universal gravitation gives
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36.
REASONING AND SOLUTION  The apparent weight is

FN = mw(g + a)


We need to find the acceleration, a.  Let T represent the force applied by the hoisting cable.  Newton's second law applied to the elevator gives

T – (mw + me)g = (mw + me)a


Solving for a gives
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Now the apparent weight is

FN = 60.0 kg(9.80 m/s2 + 0.954 m/s2) =  EQ \X(645 N) 
38.
REASONING  It is the static friction force that accelerates the cup when the plane accelerates.  The maximum magnitude that this force can have will determine the maximum acceleration, according to Newton’s second law.


SOLUTION  According to Newton’s second law, we have





In this result, we have used the fact that the magnitude of the normal force is FN = mg, since the plane is flying horizontally and the normal force acting on the cup balances the cup’s weight.  Solving for the acceleration gives




50.
REASONING  The drawing shows the I-beam and the three forces that act on it, its weight W and the tension T in each of the cables. Since the I-beam is moving upward at a constant velocity, its acceleration is zero and it is in vertical equilibrium. According to Equation 4.9b, 
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, the net force in the vertical (or y) direction must be zero. This relation will allow us to find the magnitude of the tension.


SOLUTION  Taking up as the +y direction, Equation 4.9b becomes
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Solving this equation for the tension gives 
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63.
REASONING  According to Newton’s second law, the acceleration has the same direction as the net force and a magnitude given by a = (F/m.


SOLUTION  Since the two forces are perpendicular, the magnitude of the net force is given by the Pythagorean theorem as 

. Thus, according to Newton’s second law, the magnitude of the acceleration is





The direction of the acceleration vector is given by




66.
REASONING   The skydiver is falling along the –y direction. There are two forces acting on him: the upward-acting force +fair of air resistance, and his weight, –mg. The net force is the sum of these forces. According to Newton’s second law, Equation 4.2b, the net force is equal to the mass of the skydiver times his acceleration. We can use the second law to determine the acceleration.


SOLUTION  

a.  Newton’s second law states that
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Solving this equation for ay and noting that fair = 
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The magnitude of the skydiver’s acceleration is 
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b.  When the skydiver falls at a constant velocity, his acceleration is zero, and he is in equilibrium. According to Equation 4.9b, Fy = 0, and the net force acting on him must be zero.
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The force of air resistance is
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