
Physics 103


Assignment 6

6.1.
Identify and Set Up:   For parts (a) through (d), identify the appropriate value of 
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 and use the relation 
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 In part (e), apply the relation 
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Execute:   (a) Since you are applying a horizontal force, 
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(b) The friction force acts in the horizontal direction, opposite to the motion, so 
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(c) Since the normal force acts upward and perpendicular to the tabletop, 
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(d) Since gravity acts downward and perpendicular to the tabletop, 
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Evaluate:   Whenever a force acts perpendicular to the direction of motion, its contribution to the net work is zero.


6.3.
Identify:   Each force can be used in the relation 
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 for parts (b) through (d). For part (e), apply the net work relation as 
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Set Up:   In order to move the crate at constant velocity, the worker must apply a force that equals the force of friction, 
[image: image15.wmf]workerkk
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Execute:   (a) The magnitude of the force the worker must apply is:
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(b) Since the force applied by the worker is horizontal and in the direction of the displacement, 
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 and the work is:
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(c) Friction acts in the direction opposite of motion, thus 
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 and the work of friction is:
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(d) Both gravity and the normal force act perpendicular to the direction of displacement. Thus, neither force does any work on the crate and 
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(e) Substituting into the net work relation, the net work done on the crate is:
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Evaluate:   The net work done on the crate is zero because the two contributing forces, 
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 and 
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 are equal in magnitude and opposite in direction.


6.4.
Identify:   The forces are constant so Eq. (6.2) can be used to calculate the work. Constant speed implies 
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 We must use 
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 applied to the crate to find the forces acting on it.

(a) Set Up:   The free-body diagram for the crate is given in Figure 6.4.
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	Execute:   
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	Figure 6.4
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(b) 
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(c) We have an expression for 
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 is opposite to the displacement. Thus
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(d) The normal force is perpendicular to the displacement so 
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 The gravity force (the weight) is perpendicular to the displacement so 
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Evaluate:   Forces with a component in the direction of the displacement do positive work, forces opposite to the displacement do negative work and forces perpendicular to the displacement do zero work. The total work, obtained as the sum of the work done by each force, equals the work done by the net force. In this problem, 
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6.5.
Identify:   The gravity force is constant and the displacement is along a straight line, so 
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Set Up:   The displacement is upward along the ladder and the gravity force is downward, so 
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Execute:   (a) 
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(b) No, the gravity force is independent of the motion of the painter.

Evaluate:   Gravity is downward and the vertical component of the displacement is upward, so the gravity force does negative work.

6.6.
Identify and Set Up:   
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 since the forces are constant. We can calculate the total work by 
summing the work done by each force. The forces are sketched in Figure 6.6.
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	Figure 6.6
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Evaluate:   Only the component 
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 of force in the direction of the displacement does work. These components are in the direction of 
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 so the forces do positive work.


6.12.
Identify:   We want to find the work done by a known force acting through a known displacement.

Set Up:   
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 but need to find the components of the displacement 
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Execute:   Using the magnitude and direction of 
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Evaluate:   The mass of the car is not needed since it is the given force that is doing the work.


6.16.
Identify:   Use the equations for free-fall to find the speed of the weight when it reaches the ground and use the formula for kinetic energy.

Set Up:   Kinetic energy is 
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Execute:   (a) 
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(b) 
[image: image81.wmf]22

00

2()

yyy

vvayy

=+-

 gives 
[image: image82.wmf]2

2(980 m/s)(1m)443 m/s.

y

v

=.×=.

 
[image: image83.wmf]2

1

2

(10 kg)(443 m/s)98 J.

K

=..=.


(c) Solving 
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 Yes, this is reasonable.

Evaluate:   A running speed of 6 m/s corresponds to running a 100-m dash in about 17 s, so 2.6 m/s is reasonable for a running child.

6.20.
Identify:   From the work-energy relation, 
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Set Up:   As the rock rises, the gravitational force, 
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 does work on the rock. Since this force acts in the direction opposite to the motion and displacement, s, the work is negative. Let h be the vertical distance the rock travels.

Execute:   (a) Applying 
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(b) Solve the same work-energy relation for h. At the maximum height 
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Evaluate:   Note that the weight of 20 N was never used in the calculations because both gravitational potential and kinetic energy are proportional to mass, m. Thus any object, that attains 25.0 m/s at a height of 15.0 m, must have an initial velocity of 30.3 m/s. As the rock moves upward gravity does negative work and this reduces the kinetic energy of the rock.

6.26.
Identify:   Apply 
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Set Up:   The gravity force has magnitude mg and is directed downward.

Execute:   (a) On the way up, gravity is opposed to the direction of motion, and so 
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(b) 
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(c) No; in the absence of air resistance, the ball will have the same speed on the way down as on the way up. On the way down, gravity will have done both negative and positive work on the ball, but the net work at this height will be the same.

Evaluate:   As the baseball moves upward, gravity does negative work and the speed of the baseball decreases.

6.29.
Identify:   
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Set Up:   
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Execute:   (a) 
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(b) (i) 
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 The minimum stopping distance would be halved. (ii) 
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 The stopping distance would become 4 times as great. (iii) 
[image: image116.wmf]00

2,

ba

vv

=

 
[image: image117.wmf]kk

2.

ba

mm

=

 
[image: image118.wmf]k

2

0

1

constant,

2

s

g

v

m

==

 so 
[image: image119.wmf]kk

22

00

.

aabb

ab

ss

vv

mm

=

 
[image: image120.wmf](

)

2

2

k0

k0

1

22.

2

ab

baaa

ba

v

ssss

v

m

m

æöæö

æö

===

ç÷ç÷

ç÷

èø

èøèø

 The stopping distance would double.

Evaluate:   The stopping distance is directly proportional to the square of the initial speed and indirectly proportional to the coefficient of kinetic friction.

6.32.
Identify:   The work that must be done to move the end of a spring from 
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 The force required to hold the end of the spring at displacement x is 
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Set Up:   When the spring is at its unstretched length, 
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 When the spring is stretched, 
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Execute:   (a) 
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(b) 
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Evaluate:   When a spring, initially unstretched, is either compressed or stretched, positive work is done by the force that moves the end of the spring.

6.33.
Identify:   The springs obey Hook’s law and balance the downward force of gravity.
Set Up:   Use coordinates with 
[image: image136.wmf]y
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 Each spring force is kx.

Execute:   (a) The three free-body diagrams are shown in Figure 6.33.
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	Figure 6.33


(b) Balancing forces on each of the masses and using 
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 The lengths of the springs, starting from the top one, are 14.4 cm, 13.6 cm and 12.8 cm.

Evaluate:   The top spring stretches most because it supports the most weight, while the bottom spring stretches least because it supports the least weight.

6.36.
Identify:   The force of the spring is the same on each box, but they have different accelerations because their masses are different. Hooke’s law gives the spring force.
Set Up:   The free-body diagrams for the boxes are shown in Figure 6.36. Label the boxes A and B, with 
[image: image148.wmf]20 kg

A

m

=.

 and 
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 is the spring force and is the same for each box. We apply 
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	Figure 6.36
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 The accelerations are in opposite directions.

Evaluate:   The same magnitude of force is exerted on each object, but the acceleration that is produced by this force is larger for the object of smaller mass.


6.39.
Identify:   Apply 
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 required for the static friction force to equal the spring force.

Set Up:   (a) The free-body diagram for the glider is given in Figure 6.39.
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	Figure 6.39
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(b) Identify and Set Up:   Apply 
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 to find the maximum amount the spring can be compressed and still have the spring force balanced by friction. Then use 
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[image: image169.wmf]s

mgkd

m

=



[image: image170.wmf]2

s

(060)(0100 kg)(980 m/s)

00294 m

200 N/m

mg

d

k

m

...

===.

.


Now apply the work-energy theorem to the motion of the glider:
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Evaluate:   In Example 6.8 an initial speed of 1.50 m/s compresses the spring 0.086 m and in part (a) of this problem we found that the glider doesn’t stay at rest. In part (b) we found that a smaller displacement of 0.0294 m when the glider stops is required if it is to stay at rest. And we calculate a smaller initial speed (0.67 m/s) to produce this smaller displacement.

6.45.
Identify and Set Up:   Apply Eq. (6.6) to the glider. Work is done by the spring and by gravity. Take point 1 to be where the glider is released. In part (a) point 2 is where the glider has traveled 1.80 m and 
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 There are two points shown in Figure 6.45a. In part (b) point 2 is where the glider has traveled 0.80 m.

Execute:   (a) 
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(The spring does positive work on the glider since the spring force is directed up the incline, the same as the direction of the displacement.)

	Figure 6.45a
	
	


The directions of the displacement and of the gravity force are shown in Figure 6.45b.
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(The component of w parallel to the incline is 
directed down the incline, opposite to the 
displacement, so gravity does negative work.)

	Figure 6.45b
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(b) The spring was compressed only 0.0565 m so at this point in the motion the glider is no longer in contact with the spring. Points 1 and 2 are shown in Figure 6.45c.
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	Figure 6.45c
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From part (a), 
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Then 
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Evaluate:   The kinetic energy in part (b) is positive, as it must be. In part (a), 
[image: image199.wmf]2
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 since the spring force is no longer applied past this point. In computing the work done by gravity we use the full 0.80 m the glider moves.


6.46.
Identify:   Apply 
[image: image200.wmf]tot21
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 to the brick. Work is done by the spring force and by gravity.

Set Up:   At the maximum height, 
[image: image201.wmf]0.
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 Gravity does negative work, 
[image: image202.wmf]grav
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 The work done by the spring is 
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 where d is the distance the spring is compressed initially.

Execute:   The initial and final kinetic energies of the brick are both zero, so the net work done on the brick by the spring and gravity is zero, so 
[image: image204.wmf]2
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 or 
[image: image205.wmf]2
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 The spring will provide an upward force while the spring and the brick are in contact. When this force goes to zero, the spring is at its uncompressed length. But when the spring reaches its uncompressed length the brick has an upward velocity and leaves the spring.

Evaluate:   Gravity does negative work because the gravity force is downward and the brick moves upward. The spring force does positive work on the brick because the spring force is upward and the brick moves upward.

6.49.
Identify:   Apply the relation between energy and power.

Set Up:   Use 
[image: image206.wmf]W
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 to solve for W, the energy the bulb uses. Then set this value equal to 
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 and solve for the speed.

Execute:   
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Evaluate:   Olympic runners achieve speeds up to approximately 10 m/s, or roughly one-tenth the result calculated.

6.50.
Identify:   Knowing the rate at which energy is consumed, we want to find out the total energy used.
Set Up:   Find the elapsed time 
[image: image211.wmf]t
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 in each case by dividing the distance by the speed, 
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 Then calculate the energy as 
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Execute:   Running: 
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 The energy used is 
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Walking: 
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 The energy used is 
[image: image217.wmf]36

(290 W)(6010s)1710J

W

=.´=.´.


Evaluate:   The less intense exercise lasts longer and therefore burns up more energy than the intense exercise.


6.55.
Identify:   
[image: image218.wmf]av
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 The work you do in lifting mass m a height h is mgh.

Set Up:   
[image: image219.wmf]1 hp746 W
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Execute:   (a) The number per minute would be the average power divided by the work (mgh) required to lift one box, 
[image: image220.wmf]2
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(b) Similarly, 
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Evaluate:   A 30-kg crate weighs about 66 lbs. It is not possible for a person to perform work at this rate.


6.58.
Identify:   Apply 
[image: image224.wmf].
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 is the force F of water resistance.

Set Up:   
[image: image226.wmf]1 hp746 W.
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Execute:   
[image: image228.wmf]6
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Evaluate:   The power required depends on speed, because of the factor of v in 
[image: image229.wmf]||
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 and also because the resistive force increases with speed.


6.78.
Identify and Set Up:   Use Eq. (6.6). You do positive work and gravity does negative work. Let point 1 be at the base of the bridge and point 2 be at the top of the bridge.

Execute:   (a) 
[image: image230.wmf]tot21
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(b) Neglecting friction, work is done by you (with the force you apply to the pedals) and by gravity: 
[image: image234.wmf]totyougravity
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=+.

 The gravity force is 
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 downward. The displacement is 5.20 m, upward. Thus 
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Then 
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Evaluate:   The total work done is negative and you lose kinetic energy.

6.86.
Identify:   Apply 
[image: image240.wmf]tot21

WKK
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 to the system of the two blocks. The total work done is the sum of that done by gravity (on the hanging block) and that done by friction (on the block on the table).

Set Up:   Let h be the distance the 6.00 kg block descends. The work done by gravity is (6.00 kg)gh and the work done by friction is 
[image: image241.wmf]k
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Execute:   
[image: image242.wmf]2
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 This work increases the kinetic energy of both blocks: 
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Evaluate:   Since the two blocks are connected by the rope, they move the same distance h and have the same speed v.


6.88.
Identify:   Apply 
[image: image245.wmf]tot21

.

WKK

=-

 The work done by the force from the bow is the area under the graph of 
[image: image246.wmf]x
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 versus the draw length.

Set Up:   One possible way of estimating the work is to approximate the F versus x curve as a parabola which goes to zero at 
[image: image247.wmf]0
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 and 
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[image: image249.wmf]0

F

 at 
[image: image250.wmf]0

/2,

=

xx

 so that 
[image: image251.wmf]2

000

()(4)()

FxF/xxxx

=-.

 This may seem like a crude approximation to the figure, but it has the advantage of being easy to integrate.

Execute:   
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 With 
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Evaluate:   We could alternatively represent the area as that of a rectangle 180 N by 0.55 m. This gives 
[image: image257.wmf]99 J,

W
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 in close agreement with our more elaborate estimate.
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