
Physics 103


Assignment 7

7.2.
Identify:   The change in height of a jumper causes a change in their potential energy.

Set Up:   Use 
[image: image1.wmf]gravfi
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Evaluate:   This gravitational potential energy comes from elastic potential energy stored in the jumper’s tensed muscles.


7.4.
Identify:   The energy from the food goes into the increased gravitational potential energy of the hiker. We must convert food calories to joules.

Set Up:   The change in gravitational potential energy is 
[image: image3.wmf]gravfi

 (),
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 while the increase in kinetic energy is negligible. Set the food energy, expressed in joules, equal to the mechanical energy developed.

Execute:   (a) The food energy equals 
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(b) The mechanical energy would be 20% of the results of part (a), so 
[image: image6.wmf](020)(920 m)180 m.
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Evaluate:   Since only 20% of the food calories go into mechanical energy, the hiker needs much less of climb to turn off the calories in the bar.


7.5.
Identify and Set up:   Use energy methods. Points 1 and 2 are shown in Figure 7.5.

(a) 
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 Solve for 
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 (The only force on the ball while
 it is in the air is gravity.)
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for our choice of coordinates.

	Figure 7.5
	
	


Execute:   
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Evaluate:   The projection angle of 
[image: image21.wmf]531
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 doesn’t enter into the calculation. The kinetic energy depends only on the magnitude of the velocity; it is independent of the direction of the velocity.

(b) Nothing changes in the calculation. The expression derived in part (a) for 
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 is independent of the angle, so 
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 the same as in part (a).

(c) The ball travels a shorter distance in part (b), so in that case air resistance will have less effect.


7.8.
Identify and Set up:   Apply Eq. (7.7) and consider how each term depends on the mass.
Execute:   The speed is v and the kinetic energy is 4K. The work done by friction is proportional to the normal force, and hence to the mass, and so each term in Eq. (7.7) is proportional to the total mass of the crate, and the speed at the bottom is the same for any mass. The kinetic energy is proportional to the mass, and for the same speed but four times the mass, the kinetic energy is quadrupled.

Evaluate:   The same result is obtained if we apply 
[image: image24.wmf]S=
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 to the motion. Each force is proportional to m and m divides out, so a is independent of m.


7.9.
Identify:   
[image: image25.wmf]tot
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 The forces on the rock are gravity, the normal force and friction.
Set up:   Let 
[image: image26.wmf]0
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 at point B and let 
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 be upward. 
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 The work done by friction is negative; 
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 The free-body diagram for the rock at point B is given in Figure 7.9. The acceleration of the rock at this point is 
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 upward.

Execute:   (a) (i) The normal force is perpendicular to the displacement and does zero work. 

(ii) 
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(c) Gravity is constant and equal to mg. n is not constant; it is zero at A and not zero at B. Therefore, 
[image: image37.wmf]kk
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 is also not constant.

(d) 
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 applied to Figure 7.9 gives 
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Evaluate:   In the absence of friction, the speed of the rock at point B would be 
[image: image41.wmf]231 m/s.
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 As the rock slides through point B, the normal force is greater than the weight 
[image: image42.wmf]20 N
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 of the rock.
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	Figure 7.9



7.12.
Identify:   Only gravity does work, so apply Eq. (7.5).

Set up:   
[image: image44.wmf]1
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Execute:   Tarzan is lower than his original height by a distance 
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 so his speed is 
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 a bit quick for conversation.

Evaluate:   The result is independent of Tarzan’s mass.

7.15.
Identify:   Apply 
[image: image48.wmf]2
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Set up:   
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 where F is the magnitude of force required to stretch or compress the spring a distance x.

Execute:   (a) 
[image: image51.wmf](1/2)(800 N)(0.200 m)80.0 J.

=


(b) The potential energy is proportional to the square of the compression or extension; 
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Evaluate:   We could have calculated 
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7.16.
Identify:   We treat the tendon like a spring and apply Hooke’s law to it. Knowing the force stretching the tendon and how much it stretched, we can find its force constant.

Set Up:   Use 
[image: image55.wmf]on tendon
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 In part (a), 
[image: image56.wmf]on tendon
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 equals mg, the weight of the object suspended from it. In part(b), also apply 
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Execute:   (a) 
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(b) 
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Evaluate:   The 250 g object has a weight of 2.45 N. The 138 N force is much larger than this and stretches the tendon a much greater distance.

7.17.
Identify:   Apply 
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Set up:   
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 x is the distance the spring is stretched or compressed.

Execute:   (a) (i) 
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(b) (i) 
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Evaluate:   U is proportional to 
[image: image73.wmf]2
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 and x is proportional to 
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7.19.
Identify and Set up:   Use energy methods. There are changes in both elastic and gravitational potential energy; elastic; 
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Execute:   (a) 
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(b) Points 1 and 2 in the motion are sketched in Figure 7.19.
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	Figure 7.19
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The original gravitational potential energy of the system is converted into potential energy of the compressed spring.
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d must be positive, so 
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Evaluate:   It was important to recognize that the total displacement was 
[image: image94.wmf];
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 gravity continues to do work as the book moves against the spring. Also note that with the spring compressed 0.12 m it exerts an upward force (192 N) greater than the weight of the book (11.8 N). The book will be accelerated upward from this position.

7.29.
Identify:   Since the force is constant, use 
[image: image95.wmf]cos.
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Set up:   For both displacements, the direction of the friction force is opposite to the displacement and 
[image: image96.wmf]180.
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Execute:   (a) When the book moves to the left, the friction force is to the right, and the work is 
[image: image97.wmf](12 N)(30m)36J.
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(b) The friction force is now to the left, and the work is again 
[image: image98.wmf]36 J.
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(c) 
[image: image99.wmf]72 J.
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(d) The net work done by friction for the round trip is not zero, and friction is not a conservative force.

Evaluate:   The direction of the friction force depends on the motion of the object. For the 
gravity force, which is conservative, the force does not depend on the motion of the object.


7.32.
Identify:   Some of the initial gravitational potential energy is converted to kinetic energy, but some of it is lost due to work by the nonconservative friction force.

Set Up:   The energy of the box at the edge of the roof is given by: 
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 Furthermore, by substituting 
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Evaluate:   Friction does negative work and removes mechanical energy from the system. In the absence of friction the final speed of the toolbox would be 
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7.34.
Identify and Set up:   Use Eq. (7.17) to calculate the force from 
[image: image109.wmf]().
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 Use coordinates where the origin is at one atom. The other atom then has coordinate x.

Execute:   
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The minus sign mean that 
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 toward the origin. The force has magnitude 
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Evaluate:   U depends only on x so 
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 is along the x-axis; it has no y or z components.


7.36.
Identify:   Apply Eq. (7.18).

Set up:   
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Execute:   
[image: image117.wmf]ˆˆ
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Evaluate:   
[image: image120.wmf]x
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 and x have the same sign and 
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7.45.
Identify:   The mechanical energy of the roller coaster is conserved since there is no friction with the track. We must also apply Newton’s second law for the circular motion.

Set Up:   For part (a), apply conservation of energy to the motion from point A to point B: 
[image: image125.wmf]gravgrav
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 In part (b), the free-body diagram for the roller coaster car at point B is shown in Figure 7.45. 
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	Figure 7.45


Execute:   (a) 
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(b) 
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Evaluate:   The normal force n is the force that the tracks exert on the roller coaster car. The car exerts a force of equal magnitude and opposite direction on the tracks.


7.55.
Identify:   Apply Eq. (7.7) to the system consisting of the two buckets. If we ignore the inertia of the pulley we ignore the kinetic energy it has.

Set up:   
[image: image138.wmf]11other22
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 Points 1 and 2 in the motion are sketched in Figure 7.55.
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	Figure 7.55


The tension force does positive work on the 4.0 kg bucket and an equal amount of negative work on the 12.0 kg bucket, so the net work done by the tension is zero.

Work is done on the system only by gravity, so 
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 But since the two buckets are connected by a rope they move together and have the same speed: 
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Evaluate:   The gravitational potential energy decreases and the kinetic energy increases by the same amount. We could apply Eq. (7.7) to one bucket, but then we would have to include in 
[image: image152.wmf]other
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 the work done on the bucket by the tension T.


7.64.
Identify:   Initially the ball has all kinetic energy, but at its highest point it has kinetic energy and potential energy. Since it is thrown upward at an angle, its kinetic energy is not zero at its highest point.

Set Up:   Apply conservation of energy: 
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 Substituting into conservation of energy equation gives 
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Execute:   Solve for h: 
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Evaluate:   If the ball were thrown straight up, its maximum height would be 11.5 m, since all of its kinetic energy would be converted to potential energy. But in this case it reaches a lower height because it still retains some kinetic energy at its highest point.


7.69.
Identify:   Apply Eq. (7.14) to the motion of the block.

Set up:   Let 
[image: image161.wmf]0
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 at the floor. Let point 1 be the initial position of the block against the compressed spring and let point 2 be just before the block strikes the floor.

Execute:   With 
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 Solving for 
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Evaluate:   The potential energy stored in the spring and the initial gravitational potential energy all go into the final kinetic energy of the block.
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