
 

 5.30. IDENTIFY :! Apply 
   

!
F = m!

a! to the box. 

SET UP:! Since the only vertical forces are n and w, the normal force on the box equals its weight. Static friction 
is as large as it needs to be to prevent relative motion between the box and the surface, up to its maximum possible 

value of 
  
fs

max = µsn. If the box is sliding then the friction force is   fk = µkn . 

EXECUTE:! (a) If there is no applied force, no friction force is needed to keep the box at rest. 

(b) 
  
fs

max = µsn = (0.40)(40.0 N) = 16.0 N. If a horizontal force of 6.0 N is applied to the box, then 
  fs = 6.0 N  in 

the opposite direction. 

(c) The monkey must apply a force equal to 
  fs

max , 16.0 N. 

(d) Once the box has started moving, a force equal to 
  
fk = µkn = 8.0 N  is required to keep it moving at constant 

velocity. 
EVALUATE :!

 
µk < µs and less force must be applied to the box to maintain its motion than to start it moving. 

 
 

 5.38. IDENTIFY :!
  
f = µrn . Apply 

   

!
F = m

!
a! to the tire. 

SET UP:!  n = mg and  f = ma . 

EXECUTE:!
  
ax =

v2 ! v0
2

L
, where L is the distance covered before the wheelÕs speed is reduced to half its original 

speed and   v = v0 / 2 . 
  
µr =

a
g

=
v0

2 ! v2

2Lg
=

v0
2 ! 1

4 v0
2

2Lg
=

3
8

v0
2

Lg
. 

Low pressure,   L = 18.1 m and 
 

3
8

(3.50 m / s)2

(18.1 m)(9.80 m/ s2)
= 0.0259. 

High pressure,   L = 92.9 m and 
 

3
8

(3.50 m / s)2

(3.50 m / s)2
= 0.00505. 

EVALUATE :!
 
µr  is inversely proportional to the distance L, so 

  

µr1

µr2

=
L2

L1

. 

 
 

 5.42. IDENTIFY :! Apply 
   

!
F = m

!
a! to the box. When the box is ready to slip the static friction force has its maximum 

possible value, 
  
fs = µsn . 

SET UP:! Use coordinates parallel and perpendicular to the ramp. 
EXECUTE:! (a) The normal force will be    wcos !  and the component of the gravitational force along the ramp 

is    wsin ! . The box begins to slip when 
   
wsin! > µswcos! ,  or 

  
tan! > µs = 0.35,  so slipping occurs at 

  ! = arctan(0.35) = 19.3° . 

(b) When moving, the friction force along the ramp is 
   
µk wcos! , the component of the gravitational force along 

the ramp is    wsin! , so the acceleration is 

   
(wsin! ! wµk cos! ) m= g(sin! ! µk cos! ) = 0.92 m s2.  

(c) Since 
  
v0x = 0 ,   2ax = v2 , so   v = (2ax)1 2 , or   v = [(2)(0.92m s2)(5 m)]1 2 = 3 m/s. 

EVALUATE :! When the box starts to move, friction changes from static to kinetic and the friction force becomes 
smaller. 
 
 
 
 
 
 
 
 
 
 



 5.52. IDENTIFY :! The acceleration of the person is 
  
arad = v2 / R , directed horizontally to the left in the figure in the 

problem. The time for one revolution is the period 
  
T =

2! R
v

. Apply 
   

!
F = m

!
a! to the person. 

SET UP:! The person moves in a circle of radius    R = 3.00 m + (5.00 m)sin30.0! = 5.50 m . The free-body 

diagram is given in Figure 5.52.   
!
F is the force applied to the seat by the rod. 

EXECUTE:! (a) 
 

Fy = may!  gives    F cos30.0! = mg  and 
   
F =

mg
cos30.0!

.  Fx = max!  gives 
   
F sin30.0! = m

v2

R
. 

Combining these two equations gives    v = Rgtan! = (5.50 m)(9.80 m/s2) tan30.0! = 5.58 m/s. Then the period 

is 
  
T =

2! R
v

=
2! (5.50 m)

5.58 m/s
= 6.19 s . 

(b) The net force is proportional to m so in 
   

!
F! = m

!
a the mass divides out and the angle for a given rate of 

rotation is independent of the mass of the passengers. 
EVALUATE :! The person moves in a horizontal circle so the acceleration is horizontal. The net inward force 
required for circular motion is produced by a component of the force exerted on the seat by the rod. 

 
Figure 5.52 

 

 5.55. IDENTIFY :! The acceleration due to circular motion is 
  
arad =

4! 2R
T 2

. 

SET UP:!   R = 800 m .   1/ T is the number of revolutions per second. 

EXECUTE:! (a) Setting 
  
arad = g  and solving for the period T gives 

  
T = 2!

R
g
= 2!

400 m

9.80 m s2
= 40.1 s,  

so the number of revolutions per minute is  (60 s min) (40.1 s) = 1.5 rev min . 

(b) The lower acceleration corresponds to a longer period, and hence a lower rotation rate, by a factor of the square 

root of the ratio of the accelerations,   !T = (1.5 rev min) " 3.70 9.8 = 0.92 rev min. 

EVALUATE :! In part (a) the tangential speed of a point at the rim is given by 
  
arad =

v2

R
, so 

  
v = Rarad = Rg = 62.6 m/s; the space station is rotating rapidly. 

 5.90. IDENTIFY :! Apply to the box. 

SET UP:! The box has an upward acceleration of . 
EXECUTE:! The floor exerts an upward force n on the box, obtained from  or  The 

friction force that needs to be balanced is 

 

EVALUATE :! If the elevator wasn't accelerating the normal force would be and the friction force that 

would have to be overcome would be 87.8 N. The upward acceleration increases the normal force and that 
increases the friction force. 



 5.96. IDENTIFY :! Apply  to the car. The car moves in the arc of a horizontal circle, so  directed 

toward the center of curvature of the roadway. The target variable is the speed of the car.  will be calculated 

from the forces and then v will be calculated from  

(a) To keep the car from sliding up the banking the static friction force is directed down the incline. At maximum 
speed the static friction force has its maximum value  

SET UP:! The free-body diagram for the car is sketched in Figure 5.96a. 

 

EXECUTE:!  
 

 

But  so 

 

 

Figure 5.96a  

 

 

 

Use the  equation to replace n: 

 

 

 implies  

(b) IDENTIFY :! To keep the car from sliding down the banking the static friction force is directed up the incline. 
At the minimum speed the static friction force has its maximum value  

SET UP:! The free-body diagram for the car is sketched in Figure 5.96b. 

 

The free-body diagram is identical to that 
in part (a) except that now the components 
of  have opposite directions. The force 

equations are all the same except for the 
opposite sign for terms containing  

Figure 5.96b  

EXECUTE:!  

 

EVALUATE :! For v between these maximum and minimum values, the car is held on the road at a constant height 
by a static friction force that is less than  When   Our analysis agrees with the result of 

Example 5.23 in this special case. 
 

 


