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It is worth noting that the final speed is about 2.0 m/s, significantly less than the 3.0 m/s original 
speed. 

 
20. Since the upper block has a higher coefficient of friction, that 

block will “drag behind” the lower block.  Thus there will be 
tension in the cord, and the blocks will have the same 
acceleration.  From the free-body diagrams for each block, we 
write Newton’s second law for both the x and y directions for 
each block, and then combine those equations to find the 
acceleration and tension.  
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  Add the final equations together from both analyses and solve for the acceleration. 
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 (b) Solve one of the equations for the tension force. 
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18. (a) Consider the free-body diagram for the crate on the surface.  There is  
no motion in the y direction and thus no acceleration in the y direction.  
Write Newton’s second law for both directions. 
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(b) Now use Eq. 2-12c, with an initial velocity of 0, to find the final velocity. 
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19. (a) Consider the free-body diagram for the crate on the surface.  There is  

no motion in the y direction and thus no acceleration in the y direction.  
Write Newton’s second law for both directions, and find the 
acceleration. 
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Now use Eq. 2-12c, with an initial velocity of 3.0 m s�  and a final velocity of 0 to find the 
distance the crate travels up the plane. 
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  The crate travels 0.80 m  up the plane. 

(b) We use the acceleration found above with the initial velocity in Eq. 2-12a to find the time for 
the crate to travel up the plane. 
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The total time is NOT just twice the time to travel up the plane, because 
the acceleration of the block is different for the two parts of the motion.   
The second free-body diagram applies to the block sliding down the 
plane.  A similar analysis will give the acceleration, and then Eq. 2-12b 
with an initial velocity of 0 is used to find the time to move down the 
plane. 
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the horizontal direction. 

� � � �2 2
fr         0.75 9.80 m s 7.4 m sx s sF F ma mg ma a gP P �  o �  o  �  �  �¦   

 The negative sign indicates the direction of the acceleration – opposite to the direction of motion. 
 
23. (a) For Bm  to not move, the tension must be equal to B ,m g  and so B T.m g F   For Am  to not  

move, the tension must be equal to the force of static friction, and so S T.F F   Note that the 
normal force on Am  is equal to its weight.  Use these relationships to solve for A.m  
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(b) For Bm  to move with constant velocity, the tension must be equal to Bm g .  For Am  to move 
with constant velocity, the tension must be equal to the force of kinetic friction.  Note that the 
normal force on Am  is equal to its weight.  Use these relationships to solve for Am . 
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24. We define f to be the fraction of the cord that 

is handing down, between Bm  and the pulley.  
Thus the mass of that piece of cord is C.fm   
We assume that the system is moving to the 
right as well.  We take the tension in the cord 
to be TF  at the pulley.  We treat the hanging 
mass and hanging fraction of the cord as one 
mass, and the sliding mass and horizontal part 
of the cord as another mass.  See the free-body 
diagrams.  We write Newton’s second law for each object. 
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 Combine the relationships to solve for the acceleration.  In particular, add the two equations for the 
x-direction, and then substitute the normal force. 
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25. (a) Consider the free-body diagram for the block on the surface.  There is  

no motion in the y direction and thus no acceleration in the y direction.  
Write Newton’s second law for both directions, and find the 
acceleration. 
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the horizontal direction. 
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 The negative sign indicates the direction of the acceleration – opposite to the direction of motion. 
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(b) For Bm  to move with constant velocity, the tension must be equal to Bm g .  For Am  to move 
with constant velocity, the tension must be equal to the force of kinetic friction.  Note that the 
normal force on Am  is equal to its weight.  Use these relationships to solve for Am . 
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24. We define f to be the fraction of the cord that 

is handing down, between Bm  and the pulley.  
Thus the mass of that piece of cord is C.fm   
We assume that the system is moving to the 
right as well.  We take the tension in the cord 
to be TF  at the pulley.  We treat the hanging 
mass and hanging fraction of the cord as one 
mass, and the sliding mass and horizontal part 
of the cord as another mass.  See the free-body 
diagrams.  We write Newton’s second law for each object. 
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 Combine the relationships to solve for the acceleration.  In particular, add the two equations for the 
x-direction, and then substitute the normal force. 
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25. (a) Consider the free-body diagram for the block on the surface.  There is  

no motion in the y direction and thus no acceleration in the y direction.  
Write Newton’s second law for both directions, and find the 
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the horizontal direction. 
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(b) For Bm  to move with constant velocity, the tension must be equal to Bm g .  For Am  to move 
with constant velocity, the tension must be equal to the force of kinetic friction.  Note that the 
normal force on Am  is equal to its weight.  Use these relationships to solve for Am . 
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24. We define f to be the fraction of the cord that 

is handing down, between Bm  and the pulley.  
Thus the mass of that piece of cord is C.fm   
We assume that the system is moving to the 
right as well.  We take the tension in the cord 
to be TF  at the pulley.  We treat the hanging 
mass and hanging fraction of the cord as one 
mass, and the sliding mass and horizontal part 
of the cord as another mass.  See the free-body 
diagrams.  We write Newton’s second law for each object. 
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 Combine the relationships to solve for the acceleration.  In particular, add the two equations for the 
x-direction, and then substitute the normal force. 

  
� �� �B C k A C

A B C

1m fm m f m
a g

m m m
P� � � �

 
� �

ª º
« »
¬ ¼

 

 
25. (a) Consider the free-body diagram for the block on the surface.  There is  

no motion in the y direction and thus no acceleration in the y direction.  
Write Newton’s second law for both directions, and find the 
acceleration. 
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Now use Eq. 2-12c, with an initial velocity of 0v , a final velocity of 0, and a displacement of 
d�  to find the coefficient of kinetic friction. 

� � � � � �2 2 2
0 0 0

2
0

2     0 2 sin cos   

tan
2 cos

k

k

v v a x x v g d

v
gd

T P T

P T
T

�  � o �  � � o

 �
 

 (b) Now consider the free-body diagram for the block at the top of its  
motion.  We use a similar force analysis, but now the magnitude of the 
friction force is given by fr s N ,F FPd  and the acceleration is 0. 
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26. First consider the free-body diagram for the snowboarder on the incline.  

Write Newton’s second law for both directions, and find the acceleration. 
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Now consider the free-body diagram for the snowboarder on the flat surface.  
Again use Newton’s second law to find the acceleration.  Note that the normal 
force and the frictional force are different in this part of the problem, even 
though the same symbol is used. 
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Use Eq. 2-12c to find the speed at the bottom of the slope.  This is the speed at the start of the flat 
section.  Eq. 2-12c can be used again to find the distance x. 
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27. The belt is sliding underneath the box (to the right), so there will be a force of 

kinetic friction on the box, until the box reaches a speed of 1.5 m/s.  Use the free-
body diagram to calculate the acceleration of the box. 

 (a) fr k N k k    xF F ma F mg a gP P P    o  ¦  

NF
G

x

y

mgG

frF
G

TT

mgG

NF
G

frF
G

mgG

NF
G

frF
G

TT
x

y

NF
G

frF
G

mgG

Chapter 5 Using Newton’s Laws: Friction, Circular Motion, Drag Forces                             
 

© 2008 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved.  This material is protected under all copyright laws as they 
currently exist.  No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 

133 
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 With this acceleration, we can again use Eq. 2-12c to find the speed after sliding a certain distance. 
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Now let the speed with friction be half the speed without friction, and solve for the coefficient of 
friction.  Square the resulting equation and divide by cosg T  to get the result. 
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30. (a) Given that Bm  is moving down, Am  must be moving  

up the incline, and so the force of kinetic friction on 
Am  will be directed down the incline.  Since the 

blocks are tied together, they will both have the 
same acceleration, and so B A .y xa a a   Write 
Newton’s second law for each mass. 
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Take the information from the two y equations and substitute into the x equation to solve for the 
acceleration. 
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 (b) To have an acceleration of zero, the expression for the acceleration must be zero. 
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31. Draw a free-body diagram for each block. 
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fr ABF
G

 is the force of friction between the two blocks, NAF
G

 is the normal force of contact between the 
two blocks, fr BF

G
 is the force of friction between the bottom block and the floor, and NBF

G
 is the 

normal force of contact between the bottom block and the floor. 
 

Neither block is accelerating vertically, and so the net vertical force on each block is zero. 
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 Take the positive horizontal direction to be the direction of motion of each block.  Thus for the  
bottom block, positive is to the right, and for the top block, positive is to the left.  Then, since the 
blocks are constrained to move together by the connecting string, both blocks will have the same 
acceleration.  Write Newton’s second law for the horizontal direction for each block. 
 T fr AB A T fr AB fr B Btop:       bottom: F F m a F F F F m a�  � � �   
(a) If the two blocks are just to move, then the force of static friction will be at its maximum, and so  

the frictions forces are as follows. 
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  Substitute into Newton’s second law for the horizontal direction with 0a   and solve for F . 

   
� �
� � � �

� � � � � � � �

T s A T s A

T s A s A B

T s A s A B s A s A s A B

2
s A B

top: 0    

bottom: 0  

            

                3 0.60 14 kg 9.80m s 82.32 N 82 N

F m g F m g

F F m g m m g

F F m g m m g m g m g m m g

m m g

P P
P P

P P P P P

P

�  o  

� � � �  o

 � � �  � � �

 �   |

 

(b) Multiply the force by 1.1 so that � �1.1 82.32 N 90.55N.F     Again use Newton’s second law 
for the horizontal direction, but with 0a z  and using the coefficient of kinetic friction. 

   � �
� � � �

T k A A

T k A k A B B

k A k A k A B A B

top:          

bottom:   

sum:          

F m g m a

F F m g m m g m a

F m g m g m m g m m a

P
P P

P P P

�  

� � � �  

� � � �  � o

 

   

� �
� �

� �
� �

� � � � � �
� �

k A k A k A B k A B

A B A B

2
2 2

3
             

90.55N 0.40 14.0kg 9.80m s
               4.459 m s 4.5m s

8.0kg

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

m m m m
P P P P� � � � � �

  
� �

�
  |

 

 
32. Free-body diagrams are shown for both blocks.  There is a force of friction 

between the two blocks, which acts to the right on the top block, and to the left 
on the bottom block.  They are a Newton’s third law pair of forces. 

 (a) If the 4.0 kg block does not slide off, then it must have the same  
acceleration as the 12.0 kg block.  That acceleration is caused by the force 
of static friction between the two blocks.  To find the minimum coefficient, 
we use the maximum force of static friction. 

   
2

fr top N top 2
top top

5.2 m s
   0.5306 0.53

9.80m s
a

F m a F m g
g

P P P   o    |

 (b) If the coefficient of friction only has half the value, then the blocks will be  
sliding with respect to one another, and so the friction will be kinetic. 
 � �1

fr top N top2
top top

0.5306 0.2653  ;    F m a F m gP P P     o  

topm gG

N
top
F
G

fr
top
F
G

bottomm gG

N
bottom
F
G

fr
bottom
F
G PF

G
N
top

�F
G
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34. A free-body diagram for the car at one instant of time is shown.  In the diagram, the 
car is coming out of the paper at the reader, and the center of the circular path is to 
the right of the car, in the plane of the paper.  If the car has its maximum speed, it 
would be on the verge of slipping, and the force of static friction would be at its 
maximum value.  The vertical forces (gravity and normal force) are of the same 
magnitude, because the car is not accelerating vertically.  We assume that the force 
of friction is the force causing the circular motion.  

� � � � � �

2
R fr N

2

      

0.65 80.0 m 9.80 m s 22.57 23m sm s

s s

s

F F m v r F mg

v rg

P P

P

 o   o

   |
 

Notice that the result is  independent of the car’s mass . 
 
35. (a) Find the centripetal acceleration from Eq. 5-1. 

� �22 2
R

21.30 m s 1.20 m 1.408 1.41m sm sa v r   |  

 (b) The net horizontal force is causing the centripetal motion, and so will be the centripetal force.    
   � � � �2

R R 22.5 kg 1.408 m s 31.68N 31.7 NF ma   |  

 
36. Find the centripetal acceleration from Eq. 5-1. 

� � � �
2

2 2
3 2

525m s 1 
57.42 m s 5.86 's

4.80 10 m 9.80 m sR

g
a v r g    

u
§ ·
¨ ¸
© ¹

 

 
37. We assume the water is rotating in a vertical circle of radius r.  When the bucket 

is at the top of its motion, there would be two forces on the water (considering 
the water as a single mass).  The weight of the water would be directed down, 
and the normal force of the bottom of the bucket pushing on the water would 
also be down.  See the free-body diagram.  If the water is moving in a circle, 
then the net downward force would be a centripetal force. 

  � �2 2
N N    F F mg ma m v r F m v r g �   o  �¦  

The limiting condition of the water falling out of the bucket means that the water loses contact with 
the bucket, and so the normal force becomes 0. 

  � � � �2 2
N critical critical    0    F m v r g m v r g v rg � o �  o   

From this, we see that  yes , it is possible to whirl the bucket of water fast enough.  The minimum 

speed is .rg  

 
38.  The centripetal acceleration of a rotating object is given by 2

Ra v r . 

� � � � � � � �5 5 2 2
R

21.25 10 1.25 10 9.80m s 8.00 10 m 3.13 10 m sv a r g r �  u  u u  u . 

� � � �
2 4

2

1 rev 60 s
3.13 10 m s 3.74 10 rpm

2 8.00 10 m 1 minS �
u  u

u

§ ·§ ·
¨ ¸¨ ¸¨ ¸© ¹© ¹

 

 
39. For an unbanked curve, the centripetal force to move the car in a circular path must 

be provided by the static frictional force.  Also, since the roadway is level, the 
normal force on the car is equal to its weight.  Assume the static frictional force is 
at its maximum value, and use the force relationships to calculate the radius of the 

mgG

frF
GNF

G

mgG

frF
GNF

G

mgGNF
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curve.  See the free-body diagram, which assumes the center of the curve is to the right in the 
diagram. 

  � �

� � � �

2

R fr N

2

2

2

      

1m s
30 km h

3.6 km h
28 m 30 m

0.7 9.80 m s

s s

s

F F m v r F mg

r v g

P P

P

 o   o

   |

ª º§ ·
¨ ¸« »
© ¹¬ ¼

 

 
40. At the top of a circle, a free-body diagram for the passengers would be as 

shown, assuming the passengers are upside down.  Then the car’s normal 
force would be pushing DOWN on the passengers, as shown in the diagram.  
We assume no safety devices are present.  Choose the positive direction to 
be down, and write Newton’s second law for the passengers. 

  � �2 2

N N    F F mg ma m v r F m v r g �   o  �¦  

We see from this expression that for a high speed, the normal force is positive, meaning the 
passengers are in contact with the car.  But as the speed decreases, the normal force also decreases. If 
the normal force becomes 0, the passengers are no longer in contact with the car – they are in free 
fall.  The limiting condition is as follows. 

 � � � �2 2

min min0    9.80 m s 7.6 m 8.6 m sv r g v rg�  o     

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

in the vertical direction, assuming that up is positive.  The normal force is twice 
the weight. 

� � � �
N

2

2    2   

95m 9.80 m s 30.51m s 31m s

F F mg ma mg mg m

v rg

v r �  o �  o

   |

¦
 

 
42. In the free-body diagram, the car is coming out of the paper at the reader, and the 

center of the circular path is to the right of the car, in the plane of the paper.  The 
vertical forces (gravity and normal force) are of the same magnitude, because the 
car is not accelerating vertically.  We assume that the force of friction is the force 
causing the circular motion.  If the car has its maximum speed, it would be on the 
verge of slipping, and the force of static friction would be at its maximum value. 

� �

� � � �

2

2
2

fr N 2

 1m s
95km hr

3.6 km hr
        0.84

85 m 9.80 m s
R s s s

v
F F m v r F mg

rg
P P P o   o    

ª º§ ·
¨ ¸« »
© ¹¬ ¼  

 Notice that the result is independent of the car’s mass. 
 
43. The orbit radius will be the sum of the Earth’s radius plus the 400 km orbit height.  The orbital 

period is about 90 minutes.  Find the centripetal acceleration from these data. 

� �
� �

� �

6

2 62
2

R 22 2

60 sec
6380 km 400 km 6780 km 6.78 10 m         90 min 5400 sec

1 min

4 6.78 10 m4 1 
9.18 m s 0.937 0.9 's

9.80 m s5400 sec

r T

r g
a g

T

SS

 �   u   

u
    |

§ ·
¨ ¸
© ¹

§ ·
¨ ¸
© ¹
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Notice how close this is to g, because the shuttle is not very far above the surface of the Earth, 
relative to the radius of the Earth. 

 
44. (a) At the bottom of the motion, a free-body diagram of the bucket would be as  

shown.  Since the bucket is moving in a circle, there must be a net force on it  
towards the center of the circle, and a centripetal acceleration.  Write   
Newton’s second law for the bucket, with up as the positive direction. 

� � � � � � � �

2

R T

2

T

  

1.10 m 25.0 N 2.00 kg 9.80 m s
1.723 1.7 m s

2.00 kg

F F mg ma m v r

r F mg
v

m

 �   o

��
   |

ª º¬ ¼

¦
 

(b) A free-body diagram of the bucket at the top of the motion is shown.  Since the 
bucket is moving in a circle, there must be a net force on it towards the center 
of the circle, and a centripetal acceleration.  Write Newton’s second law for the 
bucket, with down as the positive direction. 

   
� �2 T

R T     
r F mg

F F mg ma m v r v
m
�

 �   o  ¦  

If the tension is to be zero, then  

� � � �� �20
1.10 m 9.80 m s 3.28 m s

r mg
v rg

m
�

     

  The bucket must move faster than 3.28 m/s in order for the rope not to go slack. 
 
45. The free-body diagram for passengers at the top of a Ferris wheel is as shown. 

FN is the normal force of the seat pushing up on the passenger.  The sum of the 
forces on the passenger is producing the centripetal motion, and so must be a  
centripetal force.  Call the downward direction positive, and write Newton’s  
second law for the passenger. 

  2

R NF mg F ma m v r �   ¦  

Since the passenger is to feel “weightless,” they must lose contact with their seat, and so the normal 
force will be 0.  The diameter is 22 m, so the radius is 11 m. 

� � � �2 2    9.80 m s 11m 10.38m smg m v r v gr o     

  � � � �
1 rev 60s

10.38m s 9.0 rpm
2 11m 1minS

 
§ ·§ ·
¨ ¸¨ ¸

© ¹© ¹
 

 
46. To describe the motion in a circle, two independent quantities are needed.  The radius of the circle 

and the speed of the object are independent of each other, so we choose those two quantities.  The 
radius has dimensions of > @L  and the speed has dimensions of > @L T .   These two dimensions need 

to be combined to get dimensions of 2L T .ª º¬ ¼   The speed must be squared, which gives 2 2L T ,ª º¬ ¼  

and then dividing by the radius gives 2L T .ª º¬ ¼   So 2

Ra v r  is a possible form for the centripetal 

acceleration.  Note that we are unable to get numerical factors, like S  or 1
2 , from dimensional 

analysis. 
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47. (a) See the free-body diagram for the pilot in the jet at the bottom of the  
loop.  We have 2

R 6a v r g  . 

� �

� �

2

2
2

2

1m s
1200 km h

3.6 km h
6.0     1900 m

6.0 6.0 9.80m s

v
v r g r

g
 o    

ª º§ ·
¨ ¸« »
© ¹¬ ¼

 

(b) The net force must be centripetal, to make the pilot go in a circle.  Write Newton’s second  
law for the vertical direction, with up as positive.  The normal force is the apparent weight. 

2

R NF F mg m v r �  ¦  

The centripetal acceleration is to be 2 6.0 .v r g   

  � � � �2 2

N 7 7 78 kg 9.80 m s 5350 N 5400 NF mg m v r mg �      

(c)  See the free-body diagram for the pilot at the top of the loop.  Notice that  
the normal force is down, because the pilot is upside down.  Write Newton’s 
second law in the vertical direction, with down as positive. 

2

R N N6     5 3800 NF F mg m v r mg F mg �   o   ¦  

 
48. To experience a gravity-type force, objects must be on the inside of the outer  

wall of the tube, so that there can be a centripetal force to move the objects in 
a circle.  See the free-body diagram for an object on the inside of the outer  
wall, and a portion of the tube.  The normal force of contact between the  
object and the wall must be maintaining the circular motion.  Write  
Newton’s second law for the radial direction. 

2

R NF F ma m v r   ¦  

If this is to have the same effect as Earth gravity, then we must also have that  

N .F mg   Equate the two expressions for normal force and solve for the speed.   

� � � �2 2

N     9.80 m s 550 m 73.42 m sF m v r mg v gr  o     

� � � �
31 rev 86,400 s

73.42 m s 1836 rev d 1.8 10 rev d
2 550 m 1 dS

 | u
§ ·§ ·

¨ ¸¨ ¸© ¹© ¹
 

 
49. The radius of either skater’s motion is 0.80 m, and the period is 2.5 sec.  Thus their speed is given by 

� �2 0.80 m
2 2.0 m s

2.5 s
.v r T

S
S     Since each skater is moving in a circle, the net radial force on 

each one is given by Eq. 5-3. 

� �� �2

2 2

R

60.0 kg 2.0 m s
3.0 10 N

0.80 m
F m v r   u . 

 
50. A free-body diagram for the ball is shown.  The tension in the 

suspending cord must not only hold the ball up, but also provide the 
centripetal force needed to make the ball move in a circle.  Write 
Newton’s second law for the vertical direction, noting that the ball is 
not accelerating vertically.  

T T
sin 0    

sin
y

mg
F F mg FT

T
 �  o  ¦  

T�

mgG
TF
G

mgG

NF
G

mgG
NF
G
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Now for the slowest possible speed.  Driving at a slower speed with 
the same radius means that less centripetal force will be required than 
that supplied by the normal force.  That decline in centripetal force 
will be supplied by a force of static friction, upward along the incline, 
as shown in the second free-body diagram for the car on the incline.  
Write Newton’s second law in both the x and y directions.  The car 
will have no acceleration in the y direction, and centripetal 
acceleration in the x direction.  We also assume that the car is on the 
verge of skidding, so that the static frictional force has its maximum value of fr N .sF FP  

� �

N fr

N N N

cos sin 0  

cos sin      
cos sin

y

s
s

F F mg F

mg
F F mg F

T T

T P T
T P T

 � �  o

�  o  
�

¦
 

� �

2 2
N fr N N

2

N

sin cos     sin cos   

sin cos

x s

s

F F F m v r F F m v r

mv r
F

T T T P T

T P T

 �  o �  o

 
�

¦
 

Equate the two expressions for the normal force, and solve for the speed. 

� � � �
� �
� � � � � � � �

� �

2

2

  
sin cos cos sin

sin cos sin 39.91 0.30cos39.91
  68m 9.80 m s 17 m s

cos sin cos39.91 0.30sin 39.91

s s

s

s

mv r mg

v rg

T P T T P T

T P T
T P T

 o
� �

� q � q
   

� q � q

 

Thus the range is 17 m s 32 m s ,vd d  which is 61km h 115km h .vd d  

 
60. (a) The object has a uniformly increasing speed, which means the tangential acceleration is  

constant, and so constant acceleration relationships can be used for the tangential motion.  The 
object is moving in a circle of radius 2.0 meters. 

   
� �> @ � �tan 0 1

tan 4tan
tan tan 0

tan

2 2 2.0 m2
    m s

2 2.0s

v v
rx

x t v v
t t

S S
S

�
'

'  o  �     

 (b) The initial location of the object is at ˆ2.0 mj , and the final location is ˆ2.0 m .i  

   � �0
avg

ˆ ˆ2.0 m 2.0 m ˆ ˆ1.0 m s
2.0st

� �
   �
r r i j

v i j
G G

G  

 (c) The velocity at the end of the 2.0 seconds is pointing in the ˆ�j  direction.   

   � � � �20
avg

ˆm s ˆ2 m s
2.0st
S

S
��

   �
jv v

a j
G GG  

 
61. Apply uniform acceleration relationships to the tangential motion to find the tangential acceleration.  

Use Eq. 2-12b. 

  
� �> @ � �

� �
� �

1
2 24tan1

tan 0 tan tan2 22 2
tan

2 2 2.0 m2
    2 m s

2.0s

rx
x v t a t a

t t
S S

S'
'  � o      

 The tangential acceleration is constant.  The radial acceleration is found from � �22
tantan

rad .a tv
a

r r
   

y 
x 

T�

T�

T�

mgG

NF
GfrF
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80. Since mass m is dangling, the tension in the cord must be equal to the weight of mass m, and so  

T
.F mg   That same tension is in the other end of the cord, maintaining the circular motion of mass 

M, and so  
2

T R R
.F F Ma M v r     Equate the expressions for tension and solve for the velocity. 

2
    M v r mg v mgR M o   

 
81. Consider the free-body diagram for the cyclist in the sand, assuming that the 

cyclist is traveling to the right.  It is apparent that 
N

F mg  since there is no 

vertical acceleration.  Write Newton’s second law for the horizontal direction, 
positive to the right. 

fr
        x k kF F ma mg ma a gP P �  o �  o  �¦  

Use Eq. 2-12c to determine the distance the cyclist could travel in the sand 
before coming to rest.   

� � � � � �
� � � �

22 2 2

2 2 0 0

0 0 0 2

20.0 m s
2     29 m

2 2 2 0.70 9.80 m sk

v v v
v v a x x x x

a gP
� �

�  � o �     
�

 

Since there is only 15 m of sand, the cyclist will emerge from the sand .  The speed upon emerging is 

found from Eq. 2-12c. 

� �2 2

0 0
2   v v a x x�  � o  

� � � � � � � � � � � �22 2 2

0 0 0
2 2 20.0 m s 2 0.70 9.80 m s 15m

  14 m s

i kv v a x x v g x xP � �  � �  �

 
 

 

82.  Consider the free-body diagram for a person in the “Rotor-ride.”  
N
F
G

 is the  

normal force of contact between the rider and the wall, and 
fr
F
G

 is the static 

frictional force between the back of the rider and the wall.  Write Newton’s 
second law for the vertical forces, noting that there is no vertical acceleration.   

fr fr
0    yF F mg F mg �  o  ¦  

If we assume that the static friction force is a maximum, then  

fr N N
    s sF F mg F m gP P  o  . 

 But the normal force must be the force causing the centripetal motion – it is the  

only force pointing to the center of rotation.  Thus 
2

R N
.F F m v r    Using 2 ,v r TS  we have 

2

2

4
.N

mr
F

T
S

   Equate the two expressions for the normal force and solve for the coefficient of 

friction.  Note that since there are 0.50 rev per sec, the period is 2.0 sec. 

� � � �
� �

222 2

2 2 2

9.80 m s 2.0s4
    0.18

4 4 5.5m
N s

s

mr mg gT
F

T r
S P

P S S
  o     

Any larger value of the coefficient of friction would mean that the normal force could be smaller to 
achieve the same frictional force, and so the period could be longer or the cylinder radius smaller. 

 

There is no force pushing outward on the riders.  Rather, the wall pushes against the riders, so by 
Newton’s third law, the riders push against the wall.  This gives the sensation of being pressed into 
the wall.  
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2 2 2 2
1

N 2 2

4 sin
sin sin     cos

cos sin 4
mg f r g

F m
r f r

S TT T T
T T S

�  o   

 (b) 
� � � �

2
1 1

22 2 2

9.80 m s
cos cos 73.6

4 4 2.00 Hz 0.220 m
g
f r

T
S S

� �   q  

 (c) No , the bead cannot ride as high as the center of the circle.  If the bead were located there, the  
normal force of the wire on the bead would point horizontally.  There would be no force to 
counteract the bead’s weight, and so it would have to slip back down below the horizontal to 

balance the force of gravity.  From a mathematical standpoint, the expression 
2 24
g
f rS

 would 

have to be equal to 0 and that could only happen if the frequency or the radius were infinitely 
large.  

 
94. An object at the Earth’s equator is rotating in a circle with a radius equal to the radius of the Earth, 

and a period equal to one day.  Use that data to find the centripetal acceleration and then compare it 
to g. 

  

� �
� �
� �

2 62

22 2
R

R 2 2

4 6.38 10 m2
86,400s4 3

    0.00344
9.80 m s 1000

r
v r aTa
r r T g

SS
S

u

   o   |

§ ·
¨ ¸
© ¹   

So, for example, if we were to calculate the normal force on an object at the Earth’s equator, we 
could not say N 0.F F mg �  ¦   Instead, we would have the following. 

2 2

N N    
v v

F F mg m F mg m
r r

 �  � o  �¦  

If we then assumed that 
2

N eff ,v
F mg mg m

r
  �  then we see that the effective value of g is 

2

eff 0.003 0.997 .
v

g g g g g
r

 �  �   

 
95. A free-body diagram for the sinker weight is shown.  L is the 

length of the string actually swinging the sinker.  The radius of 
the circle of motion is moving is sin .r L T   Write Newton’s 
second law for the vertical direction, noting that the sinker is 
not accelerating vertically.  Take up to be positive. 

T Tcos 0    
cosy

mg
F F mg FT

T
 �  o  ¦  

The radial force is the horizontal portion of the tension.  Write 
Newton’s second law for the radial motion. 

2
R T RsinF F ma m v rT   ¦  

Substitute the tension from the vertical equation, and the relationships sinr L T  and 2 .v r TS  
2 2

2
T 2 2

4 sin
sin     sin     cos

cos 4
mg mL gT

F m v r
T L

S TT T T
T S
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9.80 m s 0.50 s
cos cos 82

4 4 0.45 m
gT

L
T

S S
� �   q  

r = L sin T 
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