Chapter 5: Newton’s Laws of Motion

James S. Walker, Physics, 3rd Edition

Solutions to Problems

	1. 
	Picture the Problem: The free body diagram for this problem is shown at right.
	
[image: image1]

	
	Strategy: Use the free body diagram to determine the net force on the rock, then apply Newton’s Second Law to find the acceleration of the rock.  Let upward be the positive direction.
	

	
	Solution: 1. Find the net force:
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	2. Now apply Newton’s second law (equation 5-1) to find 
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	Insight: If the astronaut were to exert less than 40.0 N of upward force on the rock, it would accelerate downward.


	2. 

	

	

	

	


	3. 
	Picture the Problem: The pulling force accelerates both your little sister and the sled along a straight line.

	
	Strategy: Apply Newton’s Second Law to the sled + sister combination, and solve for the mass of your sister.

	
	Solution: 1. Use Newton’s Second Law to find the 
total mass of the sled + sister combination:
	



	
	2. Find the mass of your sister by subtracting:
	



	
	Insight: A more massive sister would decrease the acceleration of the sled if the pulling force remained the same.


	5. 
	Picture the Problem: The skier is accelerated along a straight line.

	
	Strategy: Use equation 2-12 to determine the acceleration of the skier, then use Newton’s Second Law to find the force exerted on the skier.

	
	Solution: 1. Find the acceleration of the skier from
 his final velocity and the distance covered (Eq 2-12):
	



	
	2. Find the net force on the skier using equation 5-1:
	



	
	Insight: This moderate force (about 60 lb) accelerates the skier at a rate of 2.9 m/s2 or 0.29g.


	12. 
	Picture the Problem: The free body diagram of the brick is shown at right.
	
[image: image5]

	
	Strategy: Use the vectors depicted in the free body diagram to answer the questions. 
	

	
	Solution: 1. (a) There are two forces acting on the brick.
	

	
	2. (b) The forces acting on the brick are due to gravity and your hand.
	

	
	3. (c) Yes, these forces are equal and opposite, because the brick remains at rest:
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	4. (d) No, these forces are not an action-reaction pair, because they are acting on the same object.
	

	
	Insight: Action–reaction pairs always act on different objects, and they can therefore never “cancel” each other.


	13. 
	Picture the Problem: The free body diagram of the brick is shown at right.
	
[image: image7]

	
	Strategy: Use the vectors depicted in the free body diagram to answer the questions. 
	

	
	Solution: 1. (a) There are two forces acting on the brick.
	

	
	2. (b) The forces acting on the brick are due to gravity and your hand.
	

	
	3. (c) No, these forces are not equal and opposite, because acceleration of the brick is nonzero:  
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	4. (d) No, these forces are not an action-reaction pair, because they are acting on the same object.
	

	
	Insight: Action–reaction pairs always act on different objects.  The magnitude of 
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is greater than the magnitude of 
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 (although it looks like they subtract in step 3, remember 
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 points in the negative direction) by the amount 
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	14. 
	Picture the Problem: The free body diagram for the car is shown at right.  For the trailer there is only one force acting on it in the forward direction, the force exerted by the car on the trailer.
	
[image: image13]

	
	Strategy: In order to determine the forces acting on an object, you must consider only the forces acting on that object and the motion of that object alone.  For the trailer there is only one force 
[image: image14.wmf]1

F

r

exerted on it by the car, and it has the same acceleration (1.90 m/s2) as the car.  For the car there are two forces acting on it, the engine 
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and the trailer 
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.  Apply Newton’s second and third laws as appropriate to find the requested forces.
	

	
	Solution: 1. (a) Write Newton’s Second Law for the trailer:
	



	
	2. (b) Newton’s Third Law states that the force the trailer 
exerts on the car is equal and opposite to the force the car 
exerts on the trailer:
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	3. (c) Write Newton’s Second Law for the car:
	



	
	Insight: The engine force 
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must be 
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because it must both balance the 1.0-kN force from the trailer but also accelerate the car in the forward direction, requiring an additional 2.5 kN of force.


	15. 
	Picture the Problem: The parent and child push off each other while on ice skates.  The child is pushed in the positive x direction and the parent is pushed in the negative x direction.

	
	Strategy: The situation is similar to example 5-3, where the force 
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exerted on the parent by the child is equal and opposite to the force 
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exerted on the child by the parent. 

	
	Solution: 1. (a) The magnitude of the force experienced by the child is the same as the magnitude of the force experienced by the parent, but they point in opposite directions.

	
	2. (b) The acceleration of the child is more than the acceleration of the parent. The child experiences the same force as the parent but has less mass, so she experiences the larger acceleration.

	
	3. (c) Set the magnitudes of the forces equal to find 
the acceleration of the parent using equation 5-1:
	



	
	Insight: If the child were older and had the same mass as the parent, they would each experience the same magnitude force and the same magnitude acceleration, but in opposite directions.


	16. 
	Picture the Problem: The force pushes on box 1 in the manner indicated by the figure at right.
	[image: image22.emf]



	
	Strategy: The boxes must each have the same acceleration, but because they have different masses the net force on each must be different.  These observations allow you to use Newton’s Second Law for each individual box to determine the magnitudes of the contact forces.  First find the acceleration of all the boxes and then apply equation 5-1 to find the contact forces.
	

	
	Solution: 1. (a) The 7.50 N force accelerates all the boxes together:
	



	
	2. Write Newton’s Second Law for the first box:
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	3. (b) Write Newton’s Second Law for the third box:
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	Insight: Another way to solve the problem is to note that 
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, the same result as in step 2.


	29. 
	Picture the Problem: The suitcase is accelerated straight upward by the applied force.

	
	Strategy: There are two forces acting on the suitcase, the applied force 
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acting upward and the force of gravity 
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 acting downward.  Use Newton’s Second Law together with the known acceleration to determine the mass and weight of the suitcase. Let upward be the positive direction.

	
	Solution: 1. (a) Write out Newton’s Second Law:
	



	
	2. (b) Now use equation 5-5 to find the weight:
	



	
	Insight: Note that mass and weight have different units.  A 107-N suitcase weighs about 24 pounds.


	32. 
	Picture the Problem: The ship accelerates up and down as it is carried by the waves.  As the ship accelerates the apparent weight of the crewman changes.

	
	Strategy: 
There are two forces acting on the crewman: the applied force 
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of the scale acting upward and the force of gravity 
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 acting downward.  The force F represents the apparent weight of the crewman since that is both the force the scale exerts on him and the force he exerts on the scale.  Use Newton’s Second Law together with the known force F acceleration to determine the acceleration a. The maximum upward acceleration corresponds to the largest apparent weight.

	
	Solution: 1. (a) Use Newton’s Second Law together with the known forces to determine 
the acceleration a.
	



	
	2. (b) Repeat (a) for the smallest apparent weight:
	      



	
	Insight: A similar effect occurs when you stand in an elevator and are accelerated either upward or downward.  There are only two significant figures in the answers because of the rules of subtraction (see Chapter 1).
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