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� � � �2 2
0.140 kg 5568 m s 7.80 10 Navg avgF ma  �  � u  

 Thus the average force on the glove was 780 N, in the direction of the initial velocity of the ball. 

 

9. We assume that the fish line is pulling vertically on the fish, and that the fish is not jerking 

the line.  A free-body diagram for the fish is shown.  Write Newton’s second law for the fish 

in the vertical direction, assuming that up is positive.  The tension is at its maximum. 

� �
T T

      F F mg ma F m g a �  o  � o¦  

T

2 2

18 N
1.5kg

9.80 m s 2.5m s

F
m

g a
   

� �
 

 Thus a mass of 1.5 kg is the maximum that the fish line will support with the given  

acceleration.  Since the line broke, the fish’s mass is given by 1.5kgm !  (about 3 lbs). 

 

10. (a) The 20.0 kg box resting on the table has the free-body diagram shown.  Its weight 

is � � � �2
20.0 kg 9.80 m s 196 N .mg     Since the box is at rest, the net force on 

the box must be 0, and so the normal force must also be 196 N .  

(b) Free-body diagrams are shown for both boxes. 
12
F
G

 is the force on box 1 (the  

top box) due to box 2 (the bottom box), and is the normal force on box 1.  
21
F
G

 

is the force on box 2 due to box 1, and has the same magnitude as 
12
F
G

 by 

Newton’s third law.  
N2
F
G

 is the force of the table on box 2.  That is the normal 

force on box 2.  Since both boxes are at rest, the net force on each box must 

be 0.  Write Newton’s second law in the vertical direction for each box, taking 

the upward direction to be positive. 

 

� �� �
N1 11

2

N1 1 12 21

0

10.0 kg 9.80 m s 98.0 N

F F m g

F m g F F

 �  

     

¦
 

� �� �
N2 21 22

2
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0

98.0 N 20.0 kg 9.80 m s 294 N

F F F m g

F F m g

 � �  

 �  �  
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11. The average force on the pellet is its mass times its average acceleration.  The average acceleration is  

found from Eq. 2-12c. For the pellet, 
0

0,v   125m s,v   and 
0

0.800 m.x x�   

� �
� �

� �

22 2

20

0

125m s 0
9766 m s

2 2 0.800 m
avg

v v
a

x x
��

   
�

 

� � � �3 2
9.20 10 kg 9766 m s 89.8 Navg avgF ma �  u   

 

12. Choose up to be the positive direction.  Write Newton’s second law for the vertical  

direction, and solve for the tension force. 

� �
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mgG

TF
G13. Choose up to be the positive direction.  Write Newton’s second law for the vertical  

direction, and solve for the acceleration. 

� � � �
T

2
2T

163 N 14.0 kg 9.80 m s
1.8 m s

14.0 kg

F F mg ma

F mg
a

m

 �  

��
   

¦
 

 Since the acceleration is positive, the bucket has an  upward  acceleration. 
 
14. Use Eq. 2-12b with 0 0v   to find the acceleration. 

� � � �
� �

2 201
0 0 2 22 2

2 2 402 m 1 " "
    19.63m s 2.00 ' s

9.80 m s6.40 s
x x g

x x v t at a g
t
�

�  � o     
§ ·
¨ ¸
© ¹

 

 The accelerating force is found by Newton’s second law.   

� � � �2 4535kg 19.63m s 1.05 10 NF ma   u  

 
15. If the thief were to hang motionless on the sheets, or descend at a constant speed, the sheets 

would not support him, because they would have to support the full 75 kg.  But if he 
descends with an acceleration, the sheets will not have to support the total mass.  A free-
body diagram of the thief in descent is shown.  If the sheets can support a mass of 58 kg, 
then the tension force that the sheets can exert is � � � �2

T 58 kg 9.80 m s 568 N.F     

Assume that is the tension in the sheets.  Then write Newton’s second law for the thief, 
taking the upward direction to be positive. 

� � � �2
2T

T

568 N 75 kg 9.80 m s
    2.2 m s

75 kg
F mg

F F mg ma a
m

��
 �  o    �¦  

The negative sign shows that the acceleration is downward. 
2If the thief descends with an acceleration of 2.2 m/s  or greater, the sheets will support his descent.  

 
16. In both cases, a free-body diagram for the elevator would look like the adjacent  

diagram.  Choose up to be the positive direction.  To find the MAXIMUM tension, 
assume that the acceleration is up.  Write Newton’s second law for the elevator. 
 T   F ma F mg  � o¦  

� � � � � �� �� �2
T 0.0680 4850 kg 1.0680 9.80 m sF ma mg m a g m g g �  �  �   

4    5.08 10 N u  
To find the MINIMUM tension, assume that the acceleration is down.  Then Newton’s second law 
for the elevator becomes the following. 

� � � �
� �� �� �

T T

2 4

    0.0680

4850 kg 0.9320 9.80 m s 4.43 10 N                                            

F ma F mg F ma mg m a g m g g  � o  �  �  � �

  u

¦
 

17.  Use Eq. 2-12c to find the acceleration.  The starting speed is 
1m s

35 km h 9.72 m s.
3.6 km h

 
§ ·
¨ ¸
© ¹
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 (c) The normal force is not equal to the weight during the accelerating and deceleration phases. 

   
7.5s 7.5s

55%
7.5s 12.5s 7.5s

�
 

� �
 

 
20. The ratio of accelerations is the same as the ratio of the force. 

  

� �

� � � �
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21. (a) Since the rocket is exerting a downward force on the gases, the gases will exert an  

upward force on the rocket, typically called the thrust.  The free-body diagram for the rocket 
shows two forces – the thrust and the weight.  Newton’s second law can be used to find the 
acceleration of the rocket. 

   � � � �
� �

T

7 6 2

2 2T

6

  

3.55 10 N 2.75 10 kg 9.80 m s
3.109 m s 3.1m s

2.75 10 kg

F F mg ma

F mg
a

m

 �  o

u � u�
   |

u

¦
 

 (b) The velocity can be found from Eq. 2-12a. 

   � � � �2

0
0 3.109 m s 8.0 s 24.872 m s 25 m sv v at �  �  |  

 (c) The time to reach a displacement of 9500 m can be found from Eq. 2-12b. 

   
� � � �

� �
2 01

0 0 2 2

2 2 9500 m
    78s

3.109 m s

x x
x x v t at t

a
�

�  � o     

 
22. (a) There will be two forces on the skydivers – their combined weight, and the  

upward force of air resistance, 
A
.F

G
  Choose up to be the positive direction.  Write 

Newton’s second law for the skydivers. 

� �
A

2 2

    0.25   

0.75 0.75 9.80 m s 7.35m s

F F mg ma mg mg ma

a g

 �  o �  o

 �  �  �

¦
 

  Due to the sign of the result, the direction of the acceleration is down. 
 (b) If they are descending at constant speed, then the net force on them must  

be zero, and so the force of air resistance must be equal to their weight.   

  � �� �2 3

A
132 kg 9.80 m s 1.29 10 NF mg   u  

 
23. The velocity that the person must have when losing contact with the ground is found from 

Eq. 2-12c, using the acceleration due to gravity, with the condition that their speed at the 
top of the jump is 0.  We choose up to be the positive direction. 

  
� �
� � � � � �

2 2

0 0

2 2

0 0

2    
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 (b) For the deceleration, use Eq. 2-12c to find the average deceleration, choosing down to be  
positive.   

� �
� �
� �

2 2
0 0 0 0

22
20

8.743m s       0     0.70 m     2   

8.743m s
54.6 m s

2 2 0.70 m

v v y y v v a y y

v
a

y

  �  �  � o

��
   �

'

 

The average force on the torso � �TF due to the legs is found from Newton’s second 
law.  See the free-body diagram.  Down is positive. 

� � � � � �2 2 3

net T

T

  

42 kg 9.80 m s 54.6 m s 2.7 10 N

F mg F ma

F mg ma m g a

 � o

 �  �  u

 

�  �
 

 The force is upward. 
 
27. Free-body diagrams for the box and the weight are shown below.  The 

tension exerts the same magnitude of force on both objects. 
(a) If the weight of the hanging weight is less than the weight of the box, 

the objects will not move, and the tension will be the same as the 
weight of the hanging weight.  The acceleration of the box will also 
be zero, and so the sum of the forces on it will be zero.  For the box, 

N T 1 N 1 T 1 20    77.0N 30.0 N 47.0 NF F m g F m g F m g m g� �  o  �  �  �   
(b) The same analysis as for part (a) applies here.   

N 1 2 77.0 N 60.0 N 17.0 NF m g m g �  �   
(c) Since the hanging weight has more weight than the box on the table, the box on the table will be  

lifted up off the table, and normal force of the table on the box will be 0 N . 
 
28.   (a) Just before the player leaves the ground, the forces on the player are his  

weight and the floor pushing up on the player.  If the player jumps straight up, 
then the force of the floor will be straight up – a normal force.  See the first 
diagram.  In this case, while touching the floor, N .F mg!  

 

(b) While the player is in the air, the only force on the player is their weight.   
See the second diagram. 

 
29. (a) Just as the ball is being hit, ignoring air resistance, there are two main  

forces on the ball: the weight of the ball, and the force of the bat on the ball. 
 (b) As the ball flies toward the outfield, the only force on it is its weight, if  

air resistance is ignored. 
 
 
30. The two forces must be oriented so that the northerly component of the first  

force is exactly equal to the southerly component of the second force.  Thus  the 
second force must act  southwesterly .  See the diagram. 
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31. (a) We draw a free-body diagram for the piece of  
the rope that is directly above the person.   
That piece of rope should be in equilibrium.   
The person’s weight will be pulling down on that  
spot, and the rope tension will be pulling away from  
that spot towards the points of attachment.  Write Newton’s 
second law for that small piece of the rope. 

   

� � � �
� �

� �

2

1 1
T

T

72.0 kg 9.80 m s
2 sin 0    sin sin 6.988

2 2 2900 N

tan     12.5m tan 6.988 1.532 m 1.5m
12.5m

y

mg
F F mg

F

x
x

T T

T

� � �  o    q

 o  q  |

¦
 

 (b) Use the same equation to solve for the tension force with a sag of only ¼ that found above. 

   

� �

� � � �
� �

11
4

2

T

0.383m
1.532 m 0.383m  ;  tan 1.755

12.5m

72.0 kg 9.80 m s
11.5kN

2sin 2 sin1.755

x

mg
F

T

T

�    q

   
q

 

  The  rope will not break , but it exceeds the recommended tension by a factor of about 4. 
 
32. The window washer pulls down on the rope with her hands with a tension force T ,F  

so the rope pulls up on her hands with a tension force T.F   The tension in the rope is 

also applied at the other end of the rope, where it attaches to the bucket.  Thus there is 
another force TF  pulling up on the bucket.  The bucket-washer combination thus has 

a net force of T2F  upwards.  See the adjacent free-body diagram, showing only forces 

on the bucket-washer combination, not forces exerted by the combination (the pull 
down on the rope by the person) or internal forces (normal force of bucket on person). 
(a) Write Newton’s second law in the vertical direction, with up as positive.  The net  

force must be zero if the bucket and washer have a constant speed. 

� � � �
T T T

21 1
T 2 2

0  2  

72 kg 9.80 m s 352.8 N 350 N

F F F mg F mg

F mg

 � �  o  o

   |

¦
 

(b) Now the force is increased by 15%, so � �T 358.2 N 1.15 405.72 N.F     Again write Newton’s  

second law, but with a non-zero acceleration. 

� � � � � �
T T

2

2 2T

  

2 405.72 N 72 kg 9.80 m s2
1.47 m s 1.5m s

72 kg

F F F mg ma

F mg
a

m

 � �  o

��
   |

¦
 

 
33. We draw free-body diagrams for each bucket.   
 (a) Since the buckets are at rest, their acceleration is 0.  Write Newton’s  

second law for each bucket, calling UP the positive direction. 
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2
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0  
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F F mg
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� � � �

2 T2 T1

2
T2 T1

0  

2 2 3.2 kg 9.80 m s 63 N

F F F mg

F F mg mg

 � �  o

 �    

¦
 

 (b) Now repeat the analysis, but with a non-zero acceleration.  The free-body diagrams are  
unchanged. 

� � � �
1 T1

2 2
T1

2 T2 T1 T2 T1 T1

  

3.2 kg 9.80 m s 1.25m s 35.36 N 35 N

   2 71N

F F mg ma

F mg ma

F F F mg ma F F mg ma F

 �  o

 �  �  |

 � �  o  � �   

¦

¦
 

 
34. See the free-body diagram for the bottom bucket, and write Newton’s second law to find 

the tension.  Take the upward direction as positive. 

  
� � � � � �

T1 bucket bucket
bottom

2 2
T1 bucket
bottom

  

3.2 kg 9.80 m s 1.25m s 35.36 N 35 N

F F m g m a

F m g a

 �  o

 �  �  |

¦
 

 
 

Next, see the free-body for the rope between the buckets.   The mass of the cord is given by 
cord

cord .W
m

g
  

  

� � � � � �

� � � �

T1 cord T1 cord
top bottom

T1 T1 cord bucket cord
top bottom

2cord
bucket 2

  

2.0 N
     3.2 kg 11.05m s

9.80 m s

37.615 N 38 N     

F F m g F m a

F F m g a m g a m g a

W
m g a

g

 � �  o

 � �  � � �

 � �  �

 |

§ ·§ ·
¨ ¸ ¨ ¸
© ¹ © ¹

¦

 

Note that this is the same as saying that the tension at the top is accelerating the 
bucket and cord together. 

 

Now use the free-body diagram for the top bucket to find the tension at the bottom 
of the second cord. 

  � � � � � � � �

� � � � � �

T2 T1 bucket bucket
top

T2 T1 bucket bucket cord bucket
top

cord
bucket cord bucket

  

     2 2

F F F m g m a

F F m g a m g a m g a m g a

W
m m g a m g a

g

 � �  o

 � �  � � � � �

 � �  � �§ ·
¨ ¸
© ¹

¦
 

  � � � �2
2

2.0 N
    2 3.2 kg 11.05m s 72.98 N 73N

9.80 m s
 �  |
§ ·
¨ ¸
© ¹

 

Note that this is the same as saying that the tension in the top cord is accelerating the two buckets 
and the connecting cord. 
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35. Choose the y direction to be the “forward” direction for the motion of the snowcats, and the x 
direction to be to the right on the diagram in the textbook.  Since the housing unit moves in the 
forward direction on a straight line, there is no acceleration in the x direction, and so the net force in 
the x direction must be 0.  Write Newton’s second law for the x direction. 

� �
A B A B

A
B

0    sin 48 sin 32 0  

4500 N sin 48sin 48
6311N 6300 N

sin 32 sin 32

x x xF F F F F

F
F

 �  o � �  o

qq
   |

q q

q q¦
 

 Since the x components add to 0, the magnitude of the vector sum of the two forces will just be the  
sum of their y components.   

� � � �A B A Bcos48 cos32 4500 N cos48 6311N cos32

8363N 8400 N        
y y yF F F F F �  �  �

 |

q q q q¦
 

 
36. Since all forces of interest in this problem are horizontal, draw the free-body diagram showing only 

the horizontal forces.  T1F
G

 is the tension in the coupling between the locomotive and the first car, and 

it pulls to the right on the first car.  T2F
G

 is the tension in the coupling between the first car an the 

second car.  It pulls to the right on car 2, labeled T2RF
G

and to the left on car 1, labeled T2L.F
G

  Both cars 

have the same mass m and the same acceleration a.  Note that T2R T2L 2TF  F F
G G

 by Newton’s third 
law. 

 
 
 

Write a Newton’s second law expression for each car.   

1 1 2 2 2     T T TF F F ma F F ma �    ¦ ¦  
 Substitute the expression for  ma  from the second expression into the first one. 

1 2 2 T1 T2 T1 T2    2     2T T TF F ma F F F F F�   o  o   

 This can also be discussed in the sense that the tension between the locomotive and the first car is  
pulling 2 cars, while the tension between the cars is only pulling one car. 

 
37. The net force in each case is found by vector addition with components. 
 (a) Net x 1 Net y 210.2 N     16.0 NF F F F �  �  �  �  

� � � �2 2 1
Net

16.0
10.2 16.0 19.0 N      tan 57.48

10.2
F T � �

 � � �    
�

q  

  The actual angle from the x-axis is then 237.48q .  Thus the net force is 
  Net 19.0 N at 237.5F  q  

  2Net 19.0 N
1.03m s at 237.5

18.5kg
F

a
m

   q  

 

 (b) o o
Net x 1 Net y 2 1cos30 8.833 N     sin 30 10.9 NF F F F F   �   

� � � �2 2
Net

1 2Net

8.833 N 10.9 N 14.03N 14.0 N

10.9 14.03 N
tan 51.0 0.758m s  at 51.0

8.833 18.5 kg
     

F

F
a

m
T �

 �  |

  q    q
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� �

� �

2

2
2

1m s
140 km h

3.6km h
        4.0 10 m

2 9.80m s sin11
  u

q

ª º§ ·
¨ ¸« »
© ¹¬ ¼  

 
42. The average force can be found from the average acceleration.  Use Eq. 2-12c to find the 

acceleration. 

  

� � � �

� � � � � �
� �

2 2
2 2 0

0 0
0

22 2
0

0

2       
2

0 10.0 m s
60.0kg 120 N

2 2 25.0 m

v v
v v a x x a

x x

v v
F ma m

x x

�
 � � o  

�

��
    �

�

 

 The average retarding force is 21.20 N10u , in the direction opposite to the child’s velocity. 
 
43. From the free-body diagram, the net force along the plane on the skater is 

sin ,mg T  and so the acceleration along the plane is sin .g T   We use the 
kinematical data and Eq. 2-12b to write an equation for the acceleration, 
and then solve for the angle. 

  � � � � � �
� � � �

2 21 1
0 0 02 2

1 10
22 2

sin   

2 18 m 2 2.0 m s 3.3s2
sin sin 12

9.80 m s 3.3s

x x v t at v t gt

x v t
gt

T

T � �

�  �  � o

�' �
   q

§ ·§ ·
¨ ¸¨ ¸ ¨ ¸© ¹ © ¹

 

 
 
44. For each object, we have the free-body diagram shown, assuming that the string doesn’t 

break.  Newton’s second law is used to get an expression for the tension.  Since the string 
broke for the 2.10 kg mass, we know that the required tension to accelerate that mass was 
more than 22.2 N.  Likewise, since the string didn’t break for the 2.05 kg mass, we know 
that the required tension to accelerate that mass was less than 22.2 N.  These relationships 
can be used to get the range of accelerations. 

  

� �

� � � �

T T

T T
max max

T 2.10 T 2.05
max max 2.10 2.05

    

  ;        ;    

F F mg ma F m a g

F F
F m a g F m a g g a g a

m m

 �  o  �

� � ! � o � � � ! o

¦
 

  

T T
max max 2 2

2.10 2.05

2 2 2 2

22.2 N 22.2 N
    9.80 m s 9.80 m s   

2.10 kg 2.05kg

0.77 m s 1.03m s     0.8m s 1.0 m s

F F
g a g a

m m

a a

� � � � o � � � � o

� � o � �

 

45. We use the free-body diagram with Newton’s first law for the stationary lamp to   
find the forces in question.  The angle is found from the horizontal displacement and 
the length of the wire. 

  (a) 1 0.15m
sin 2.15

4.0 m
T �  q  

net T H H T
x

sin 0    sinF F F F FT T �  o   

y 

x 

T�
mgG

NF
G

T�

T�

mgG

TF
G

HF
G

TF
G

mgG
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 (b) Use Eq. 2-12b to find the time. 

   
� � � �

� �
2 01

0 0 2 2

2 2 1.250 m
    0.96 s

2.722 m s

x x
x x v t at t

a
�

�  � o     

 (c) Again use the acceleration from Problem 51. 

   B B
A

A B A B

1 1
100 100        99 99 kgB

m m
a g g m m

m m m m
  o  o   

� �
 

 
53. This problem can be solved in the same way as problem 51, with the modification that we increase 

mass Am  by the mass of Al  and we increase mass Bm  by the mass of B.l   We take the result from 

problem 51 for the acceleration and make these modifications.  We assume that the cord is uniform, 
and so the mass of any segment is directly proportional to the length of that segment. 

  

B B
B B

B A B A B

A B A B CA B
A B

A B A B

    
C C

C C

m m m m
m

a g a g g
m m m m m

m m m m

� �
� �

 o   
� � �

� � �
� �

§ · § ·
¨ ¸ ¨ ¸
© ¹ © ¹

l l

l l l l

l l

l l l l

 

Note that this acceleration is NOT constant, because the lengths Al  and Bl  are functions of time.  

Thus constant acceleration kinematics would not apply to this system. 
 
54. We draw a free-body diagram for each mass.  We choose UP to be the 

positive direction.  The tension force in the cord is found from analyzing 
the two hanging masses.   Notice that the same tension force is applied to 
each mass.  Write Newton’s second law for each of the masses. 

T 1 1 1 T 2 2 2     F m g m a F m g m a�  �   

Since the masses are joined together by the cord, their accelerations will 
have the same magnitude but opposite directions.  Thus 1 2.a a �   

Substitute this into the force expressions and solve for the tension force. 

1 T
T 1 1 2 T 1 1 2 2

1

1 T 1 2
T 2 2 2 2 T

1 1 2

        

2
    

m g F
F m g m a F m g m a a

m

m g F m m g
F m g m a m F

m m m

�
�  � o  � o  

�
�   o  

�
§ ·
¨ ¸
© ¹

 

Apply Newton’s second law to the stationary pulley. 

� � � � � �2

1 2
C C

1 2

4 3.2 kg 1.2 kg 9.80 m s4
2 0    2 34 N

4.4 kgT T

m m g
F F F F

m m
�  o     

�
 

 
55. If m doesn’t move on the incline, it doesn’t move in the vertical direction, and 

so has no vertical component of acceleration.  This suggests that we analyze 
the forces parallel and perpendicular to the floor.  See the force diagram for 
the small block, and use Newton’s second law to find the acceleration of the 
small block. 

  
N N

N
N

cos 0    
cos

sin sin
sin     tan

cos

y

x

mg
F F mg F

F mg
F F ma a g

m m

T
T

T TT T
T

 �  o  

  o    

¦

¦
 

m2 

1.2 kg 
m1 

3.2 kg

2m gG 1m gG
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G
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Since the small block doesn’t move on the incline, the combination of both masses has the same 
horizontal acceleration of tan .g T   That can be used to find the applied force. 

� � � �applied tanF m M a m M g T �  �  

Note that this gives the correct answer for the case of 0,T  , where it would take no applied force to 
keep m stationary.  It also gives a reasonable answer for the limiting case of 90 ,T o q  where no 
force would be large enough to keep the block from falling, since there would be no upward force to 
counteract the force of gravity. 

 
56. Because the pulleys are massless, the net force on them must be 0.  

Because the cords are massless, the tension will be the same at both 
ends of the cords.  Use the free-body diagrams to write Newton’s 
second law for each mass.  We are using the same approach taken in 
problem 47, where we take the direction of acceleration to be 
positive in the direction of motion of the object.  We assume that Cm  
is falling, Bm  is falling relative to its pulley, and Am  is rising 
relative to its pulley.  Also note that if the acceleration of Am  
relative to the pulley above it is Ra , then A R C.a a a �   Then, the 
acceleration of Bm  is B R C ,a a a �  since Ca  is in the opposite 
direction of Ba . 

  

� �
� �

A TA A A A A R C

B B TA B B B R C

C C TC C C

TC TA TC TA

:   

:   

:   

pulley:  2 0    2

m F F m g m a m a a

m F m g F m a m a a

m F m g F m a

F F F F F

 �   �

 �   �

 �  

 �  o  

¦
¦
¦
¦

  

 Re-write this system as three equations in three unknowns TA R C, , .F a a  

  

� �
� �

TA A A R C TA A C A R A

B TA B R C TA B C B R B

C TA C C TA C C C

       

       

2               2             

F m g m a a F m a m a m g

m g F m a a F m a m a m g

m g F m a F m a m g

�  � o � �  

�  � o � �  

�  o �  

 

This system now needs to be solved.  One method to solve a system of linear equations is by 
determinants.  We show that for C.a  

 

� � � �
� � � �

A A

B B

C B C A B A C B
C

A A B C A B A C B

B B

C

A B A C B C A C B C A B

A B A C B C A B A C B C

1
1
2 0 2 2

1 2 2
1
2 0

4 4
   

4 4

m m
m m
m m m m m m m m

a
m m m m m m m m m
m m

m

m m m m m m m m m m m m
m m m m m m m m m m m m

g g

g g

�

� � � �
  

� � � � � �
�

� � � �
  
� � � � �

 

 
Similar manipulations give the following results. 

Cm gG

TCF
G

Cm Ca

Am gG

TAF
G

Am Aa

Bm gG
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� �

A C B C

R

A B A C B C

2

4

m m m m
a

m m m m m m
g�

 
� �

  ;  
A B C

TA

A B A C B C

4

4

m m m
F

m m m m m m
g 

� �
 

(a) The accelerations of the three masses are found below. 

  

� �
A C B C A C B C A B

A R C

A B A C B C A B A C B C

A C B C A B

A B A C B C

2 4

4 4

3 4
    

4
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a a a g g
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A C B C A B

C

A B A C B C

4

4
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a g
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(b) The tensions are shown below. 

  
A B C A B C

TA TC TA

A B A C B C A B A C B C

4 8
2

4 4
  ;  

m m m m m m
F F F

m m m m m m m m m m m m
g g   
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57. Please refer to the free-body diagrams given in the textbook for this problem.  Initially, treat the two  

boxes and the rope as a single system.  Then the only accelerating force on the system is 
P
.F

G
  The 

mass of the system is 23.0 kg, and so using Newton’s second law, the acceleration of the system is 

2 2P
35.0 N

1.522 m s 1.52 m s
23.0 kg

.
F

a
m

   |   This is the acceleration of each part of the system. 

 

Now consider 
B

m  alone.  The only force on it is 
BT

,F
G

 and it has the acceleration found above.  Thus 

BT
F  can be found from Newton’s second law. 

� � � �2

BT B
12.0 kg 1.522 m s 18.26 N 18.3 NF m a   |  

 

Now consider the rope alone.  The net force on it is 
TA TB

,�F F
G G

 and it also has the acceleration found 

above.  Thus 
TA

F  can be found from Newton’s second law.   

� � � �2

TA TB TA TB C
    18.26 N 1.0 kg 1.522 m s 19.8 NCF F m a F F m a�  o  �  �   

  

58. First, draw a free-body diagram for each mass.  Notice that the same  

tension force is applied to each mass.  Choose UP to be the positive  

direction.  Write Newton’s second law for each of the masses. 

T 2 2 2 T 1 1 1
     F m g m a F m g m a�  �   

Since the masses are joined together by the cord, their accelerations will 

have the same magnitude but opposite directions.  Thus 
1 2

.a a �   

Substitute this into the force expressions and solve for the acceleration by 

subtracting the second equation from the first. 

m2 

2.2 kg 
m1 

3.6 kg 

2
m gG

1
m gG

T
F
G

T
F
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69. (a) A free-body diagram is shown for each block.   
We define the positive x-direction for Am  to be 
up its incline, and the positive x-direction for Bm  
to be down its incline.  With that definition the 
masses will both have the same acceleration.  
Write Newton’s second law for each body in the 
x direction, and combine those equations to find 
the acceleration. 

   A T A A A:   sinxm F F m g m aT �  ¦  

   
� � � �

B B B T B

B B A A
T A A B B T A B

A B

:   sin      add these two equations

sin sin
sin sin     

xm F m g F m a

m m
F m g m g F m a m a a g

m m

T

T TT T

 �  

�
� � �  � o  

�

¦
 

(b) For the system to be at rest, the acceleration must be 0. 

   
� �

B B A A
B B A A

A B

A
B A

B

sin sin
0    sin sin   

sin sin 32
5.0kg 6.8kg

sin sin 23

m m
a g m m

m m

m m

T T T T

T
T

�
  o � o

�

q
   

q

 

  The tension can be found from one of the Newton’s second law expression from part (a). 
   � � � �2

A T A A T A A:   sin 0    sin 5.0kg 9.80m s sin 32 26 Nm F m g F m gT T�  o   q   

(c) As in part (b), the acceleration will be 0 for constant velocity in either direction. 

   

B B A A
B B A A

A B

A B
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sin sin
0    sin sin   

sin sin 23
0.74

sin sin 32

m m
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70. A free-body diagram for the person in the elevator is shown.  The scale reading is the 

magnitude of the normal force.  Choosing up to be the positive direction, Newton’s 
second law for the person says that � �N N    .F F mg ma F m g a �  o  �¦   The 

kg reading of the scale is the apparent weight, NF , divided by g, which gives  

� �N
N-kg .m g aF

F
g g

�
   

 (a) � � � �2
N

20    75.0 kg 9.80 m s 7.35 10 Na F mg o    u  

N-kg 75.0 kg
mg

F m
g

    

 (b) N N-kg
20    7.35 10 N 75.0 kg , a F F o  u   

 (c) N N-kg
20    7.35 10 N 75.0 kg , a F F o  u   

 (d) � � � � � �2 2 2
N 75.0 kg 9.80 m s 3.0 m s 9.60 10 NF m g a a �  �  u  

mgG
NF
G

N-AF
G TF

G

Am gG
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79. (a) We assume that the maximum horizontal force occurs when the train is moving very slowly,  
and so the air resistance is negligible.  Thus the maximum acceleration is given by the 
following. 

5
2 2max

max 5

4 10 N
0.625m s 0.6m s

6.4 10 kg
F

a
m

u
   |

u
 

 (b) At top speed, we assume that the train is moving at constant velocity.  Therefore the net force  
on the train is 0, and so the air resistance and friction forces together must be of the same 
magnitude as the horizontal pushing force, which is 51.5 10 Nu . 

 
80. See the free-body diagram for the fish being pulled upward vertically.  From Newton’s 

second law, calling the upward direction positive, we have this relationship. 
� �T T    yF F mg ma F m g a �  o  �¦  

 (a) If the fish has a constant speed, then its acceleration is zero, and so T .F mg   Thus  

the heaviest fish that could be pulled from the water in this case is � �45 N 10 lb .  

 (b) If the fish has an acceleration of 2.0 m/s2, and TF  is at its maximum of 45 N, then  
solve the equation for the mass of the fish.   

� �� � � �

T
2 2

2

45 N
3.8 kg  

9.8 m s 2.0 m s

3.8 kg 9.8 m s 37 N 8.4 lb

F
m

g a

mg

   o
� �

  |
 

 (c) It is not possible to land a 15-lb fish using 10-lb line, if you have to lift the fish vertically.  If  
the fish were reeled in while still in the water, and then a net used to remove the fish from the 
water, it might still be caught with the 10-lb line. 

 
81. Choose downward to be positive.  The elevator’s acceleration is calculated by Eq. 2-12c. 

� � � �
� �
� �

22 2
2 2 20

0 0
0

0 3.5m s
2     2.356 m s

2 2 2.6 m
v v

v v a y y a
y y

��
�  � o    �

�
 

See the free-body diagram of the elevator/occupant combination.  Write Newton’s second 
law for the elevator. 

  
� � � � � �

T

2 2 4
T 1450 kg 9.80 m s 2.356 m s 1.76 10 N

yF mg F ma

F m g a

 �  

 �  � �  u

¦
 

 
82. (a) First calculate Karen’s speed from falling.  Let the downward direction be positive, and use Eq.  

2-12c with 0 0v  . 

� � � � � � � �2 2 2
0 0 02     0 2 2 9.8m s 2.0 m 6.26 m sv v a y y v a y y�  � o  � �    

Now calculate the average acceleration as the rope stops Karen, again using Eq. 2-12c, with 
down as positive. 

� � � �
� �
� �

22 2
2 2 20

0 0
0

0 6.26 m s
2     19.6 m s

2 2 1.0 m
v v

v v a y y a
y y

��
�  � o    �

�
 

The negative sign indicates that the acceleration is upward.  Since this is her 
acceleration, the net force on Karen is given by Newton’s second law, netF ma .  
That net force will also be upward.  Now consider the free-body diagram of Karen as 
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