
Physics 103


Assignment 4

4.2.
Identify:   We know the magnitudes and directions of three vectors and want to use them to find their components, and then to use the components to find the magnitude and direction of the resultant vector.

Set Up:   Let 
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 The components of a force vector are 
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Execute:   (a)
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(b) 
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 and its components are shown in Figure 4.2.
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	Figure 4.2


Evaluate:   A graphical sketch of the vector sum should agree with the results found in (b). Adding the forces as vectors gives a very different result from adding their magnitudes.

4.3.
Identify:   We know the resultant of two vectors of equal magnitude and want to find their magnitudes. They make the same angle with the vertical.
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	Figure 4.3


Set Up:   Take 
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 to be upward, so 
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 The strap on each side of the jaw exerts a force F directed at an angle of 52.5° above the horizontal, as shown in Figure 4.3.

Execute:   
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Evaluate:   The resultant force has magnitude 5.00 N which is not the same as the sum of the magnitudes of the two vectors, which would be 6.30 N.

4.4.
Identify:   
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Set Up:   Let 
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 be parallel to the ramp and directed up the ramp. Let 
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 be perpendicular to the ramp and directed away from it. Then 
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Execute:   (a) 
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Evaluate:   We can verify that 
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4.6.
Identify:   Add the two forces using components.
Set Up:   
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 Execute:   (a) 
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(b) 
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Evaluate:   Since 
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4.7.
Identify:   Friction is the only horizontal force acting on the skater, so it must be the one causing the acceleration. Newton’s second law applies.
Set Up:   Take 
[image: image52.wmf]x
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 to be the direction in which the skater is moving initially. The final velocity is 
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 since the skater comes to rest. First use the kinematics formula 
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Execute:   
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 The only horizontal force on the skater is the friction force, so 
[image: image58.wmf]2

(685 kg)(0682 m/s)467 N.

xx

fma

==.-.=-.

 The force is 46.7 N, directed opposite to the motion of the skater.

Evaluate:   Although other forces are acting on the skater (gravity and the upward force of the ice), they are vertical and therefore do not affect the horizontal motion.

4.8. 
Identify:   The elevator and everything in it are accelerating upward, so we apply Newton’s second law in the vertical direction.

Set Up:   Your mass is 
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 Both you and the package have the same acceleration as the elevator. Take 
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 to be upward, in the direction of the acceleration of the elevator, and apply 
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Execute:   (a) Your free-body diagram is shown in Figure 4.8a, where n is the scale reading. 
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(b) The free-body diagram for the package is given in Figure 4.8b. 
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	Figure 4.8


Evaluate:   The objects accelerate upward so for each of them the upward force is greater than the downward force.


4.9.
Identify:   Apply 
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 to the box.

Set Up:   Let 
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 be the direction of the force and acceleration. 
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Execute:   
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Evaluate:   The vertical forces sum to zero and there is no motion in that direction.

4.10.
Identify:   Use the information about the motion to find the acceleration and then use 
[image: image74.wmf]xx

Fma

å=

 to calculate m.

Set Up:   Let 
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 be the direction of the force. 
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Execute:   (a) 
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(b) 
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Evaluate:   The mass determines the amount of acceleration produced by a given force. The block moves farther in the second 5.00 s than in the first 5.00 s.


4.17.
Identify and Set Up:   
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Execute:   
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Evaluate:   We must use mass in Newton’s second law. Mass and weight are proportional.

4.19.
Identify and Set Up:   w  mg. The mass of the watermelon is constant, independent of its location. Its weight differs on earth and Jupiter’s moon. Use the information about the watermelon’s weight on earth to calculate its mass:

Execute:   (a) 
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(b) On Jupiter’s moon, 
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 the same as on earth. Thus the weight on Jupiter’s moon is 
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Evaluate:   The weight of the watermelon is less on Io, since g is smaller there.

4.21.
Identify:   Apply 
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 to find the resultant horizontal force.

Set Up:   Let the acceleration be in the 
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Execute:   
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 The force is exerted by the blocks. The blocks push on the sprinter because the sprinter pushes on the blocks.

Evaluate:   The force the blocks exert on the sprinter has the same magnitude as the force the sprinter exerts on the blocks. The harder the sprinter pushes, the greater the force on her.

4.23.
Identify:   The system is accelerating so we use Newton’s second law.

Set Up:   The acceleration of the entire system is due to the 100-N force, but the acceleration of box B is due to the force that box A exerts on it. 
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Execute:   For the two-box system: 
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[image: image100.wmf]A

F

 is the force exerted on B by A, 
[image: image101.wmf]2

(50 kg)(40 m/s)20 N.

AB

Fma

==..=


Evaluate:   The force on B is less than the force on A.

4.24.
Identify:   The reaction forces in Newton’s third law are always between a pair of objects. In Newton’s second law all the forces act on a single object.

Set Up:   Let 
[image: image102.wmf]y

+

 be downward. 
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Execute:   The reaction to the upward normal force on the passenger is the downward normal force, also of magnitude 620 N, that the passenger exerts on the floor. The reaction to the passenger’s weight is the 
gravitational force that the passenger exerts on the earth, upward and also of magnitude 650 N. 
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 The passenger’s acceleration is
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Evaluate:   There is a net downward force on the passenger and the passenger has a downward acceleration.


4.28.
Identify:    The surface of block B can exert both a friction force and a normal force on block A. The friction force is directed so as to oppose relative motion between blocks B and A. Gravity exerts a downward force w on block A.

Set Up:   The pull is a force on B not on A.

Execute:   (a) If the table is frictionless there is a net horizontal force on the combined object of the two blocks, and block B accelerates in the direction of the pull. The friction force that B exerts on A is to the right, to try to prevent A from slipping relative to B as B accelerates to the right. The free-body diagram 
is sketched in Figure 4.28a.  f is the friction force that B exerts on A and n is the normal force that B 
exerts on A.

(b) The pull and the friction force exerted on B by the table cancel and the net force on the system of two blocks is zero. The blocks move with the same constant speed and B exerts no friction force on A. The free-body diagram is sketched in Figure 4.28b.

Evaluate:   If in part (b) the pull force is decreased, block B will slow down, with an acceleration directed to the left. In this case the friction force on A would be to the left, to prevent relative motion between the two blocks by giving A an acceleration equal to that of B.
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	Figure 4.28



4.29.
Identify:   Since the observer in the train sees the ball hang motionless, the ball must have the same acceleration as the train car. By Newton’s second law, there must be a net force on the ball in the same direction as its acceleration.

Set Up:   The forces on the ball are gravity, which is w, downward, and the tension 
[image: image108.wmf]T
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 in the string, which is directed along the string.

Execute:   (a) The acceleration of the train is zero, so the acceleration of the ball is zero. There is no net horizontal force on the ball and the string must hang vertically. The free-body diagram is sketched in Figure 4.29a.

(b) The train has a constant acceleration directed east so the ball must have a constant eastward acceleration. There must be a net horizontal force on the ball, directed to the east. This net force must come from an eastward component of 
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 and the ball hangs with the string displaced west of vertical. The free-body diagram is sketched in Figure 4.29b.

Evaluate:   When the motion of an object is described in an inertial frame, there must be a net force in the direction of the acceleration.
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	Figure 4.29



4.31.
Identify:   Identify the forces on the chair. The floor exerts a normal force and a friction force.

Set Up:   Let 
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 be upward and let 
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 be in the direction of the motion of the chair.

Execute:   (a) The free-body diagram for the chair is given in Figure 4.31.

(b) For the chair, 
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Evaluate:   n is larger than the weight because 
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 has a downward component.
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	Figure 4.31



4.34.
Identify:   Identify the forces for each object. Action-reaction pairs of forces act between two objects.

Set Up:   Friction is parallel to the surfaces and is directly opposite to the relative motion between the surfaces.

Execute:   The free-body diagram for the box is given in Figure 4.34a. The free-body diagram for the truck is given in Figure 4.34b. The box’s friction force on the truck bed and the truck bed’s friction force on the box form an action-reaction pair. There would also be some small air-resistance force action to the left, presumably negligible at this speed.

Evaluate:   The friction force on the box, exerted by the bed of the truck, is in the direction of the truck’s acceleration. This friction force can’t be large enough to give the box the same acceleration that the truck has and the truck acquires a greater speed than the box.
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	Figure 4.34



4.38.
Identify:   Use 
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 to calculate the acceleration of the tanker and then use constant acceleration kinematic equations.

Set Up:   Let 
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Execute:   
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so the ship would hit the reef. The speed when the tanker hits the reef is found from 
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and the oil should be safe.

Evaluate:   The force and acceleration are directed opposite to the initial motion of the tanker and the speed decreases.


4.40.
Identify:   Use constant acceleration equations to calculate the acceleration 
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 that would be required. Then use 
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Set Up:   Let 
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 be the direction of the initial motion of the auto.

Execute:   
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 The force F is directed opposite to the motion and 
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Evaluate:   A very large force is required to stop such a massive object in such a short distance.

4.43.
Identify:   Use Newton’s second law to relate the acceleration and forces for each crate.

(a) Set Up:   Since the crates are connected by a rope, they both have the same acceleration, 
[image: image136.wmf]2
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(b) The forces on the 4.00 kg crate are shown in Figure 4.43a.
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	Figure 4.43a
	
	


(c) Set Up:   Forces on the 6.00 kg crate are shown in Figure 4.43b.
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	Figure 4.43b
	
	


(d) Execute:   
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Evaluate:   We can also consider the two crates and the rope connecting them as a single object of mass 
[image: image144.wmf]12
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 The free-body diagram is sketched in Figure 4.43c.
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This agrees with our answer in part (d).

	Figure 4.43c
	
	



4.50.
Identify:   Apply 
[image: image148.wmf]m
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 to the elevator to relate the forces on it to the acceleration.

(a) Set Up:   The free-body diagram for the elevator is sketched in Figure 4.50.
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	The net force is 
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	Figure 4.50
	
	


Take the y-direction to be upward since that is the direction of the acceleration. The maximum upward acceleration is obtained from the maximum possible tension in the cables.

Execute:   
[image: image151.wmf]yy
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(b) What changes is the weight mg of the elevator.
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Evaluate:   The cables can give the elevator a greater acceleration on the moon since the downward force of gravity is less there and the same T then gives a greater net force.


4.54.
Identify:   Note that in this problem the mass of the rope is given, and that it is not negligible compared to the other masses. Apply 
[image: image155.wmf]r
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 to each object to relate the forces to the acceleration.

(a) Set Up:   The free-body diagrams for each block and for the rope are given in Figure 4.54a.
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	Figure 4.54a



[image: image157.wmf]t
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 is the tension at the top of the rope and 
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 is the tension at the bottom of the rope.

Execute:   (b) Treat the rope and the two blocks together as a single object, with mass 
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 Take 
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 upward, since the acceleration is upward. The free-body diagram is given in Figure 4.54b.
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	Figure 4.54b
	
	


(c) Consider the forces on the top block 
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 since the tension at the top of the rope 
[image: image167.wmf]t

()

T

 will be one of these forces.
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	Figure 4.54c
	
	


Alternatively, can consider the forces on the combined object rope plus bottom block 
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	Figure 4.54d
	
	


(d) One way to do this is to consider the forces on the top half of the rope 
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 be the tension at the midpoint of the rope.
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	Figure 4.54e
	
	


To check this answer we can alternatively consider the forces on the bottom half of the rope plus the lower block taken together as a combined object 
[image: image184.wmf](200 kg500 kg700 kg):
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	Figure 4.54f
	
	


Evaluate:   The tension in the rope is not constant but increases from the bottom of the rope to the top. The tension at the top of the rope must accelerate the rope as well the 5.00-kg block. The tension at the top of the rope is less than F; there must be a net upward force on the 6.00-kg block.
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