5.30. IDENTIFY:! Apply | F = mato the box.

SET UP:! Since the only vertical forces aneandw, 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 bor anddlse, up to its maximum possible

value of ™ =y n. If the box is sliding then the friction force i§ = y n.

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

(b) ™ = pn=(0.40(40.0N)=16.0 N. If a horizontal force of 6.0 N is applied to the box, ther 6.0N in
the opposite direction.

(c) The monkey must apply a force equal £6* , 16.0 N.

(d) Once the box has started movirgforce equal tof, = 4, n=8.0N is required to keep it moving at constant

velocity.
EVALUATE :! 1, < u and less force must be applied to the box to maintain its motion than to start it moving.

5.38. IDENTIFY:! f =yun.Apply | F= mélto the tire.
SETUP!! n=mgand f =ma.

2 1 2
v oV ~ . . ..
EXECUTE:! a_ = 7 9 , whereL is the distance covered before the wheelOs speed is reduced to half its original

a
dandr=v /2. u =—= .
speed and =y, H g 29 2Lg 8Lg

2
Low pressurel. =18.1mand 3__(350m/y =0.0258.

8(18.1 m(9.80 m/ &%)

2
High pressurel = 92.9mand §w = 0.0050¢.
8(3.50m/s)

L
EVALUATE ! u_ is inversely proportional to the distaniceso Lo

'ur2 Ll .

5.42. IDENTIFY:! Apply | F = mato the box. When the box is ready to slip the static friction force has its maximum

possible value,f, = yn.

SeT Up:!' Use coordinates parallel and perpendicular to the ramp.
EXeCUTE:! (a) The normal force will béwvcos! Jand the component of the gravitational force along the ramp

is wsin! . The box begins to slip whewsin! > ywcod , or tan! > u_=0.35 so slipping occurs at
I = arctan(0.35 =19.3.
(b) When moving, the friction force along the rampuigwnvcos |, the component of the gravitational force along
the ramp iswsin! , so the acceleration is
(wsin! ! wy, cod )/m=g(sin! ! g, cos ) =0.92 m/s,

(c) Sincev,, =0, 2ax=V?, sov = (2ax)’?, or v =[(2)(0.92m/s*)(5 m)]** = 3ms.

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 monisa_, = v? | R, directed horizontally to the left in the figure in the

! :
problem. The time for one revolution is the peribd: Z'—R. Apply I F = mélto the person.
%

SET UP:! The person moves in a ciradé radius R=3.00m + (5.00m)sin30.0 =5.50m. The freebody
diagram is given in Figure 5.515. is the force applied to the seat by the rod.
m—g. | F
cos30.0l ° ”
Combining these two equations gives \/Rgtan! = \/(5.50 m)(9.80Vs?)tan30.0 =5.58nvs. Then the period
2/ R _2!/(5.50 m)
5.58 m/s
(b) The net force is proportional ta so in | F= mélthe mass divides out and the angle for a given rate of

2

Execute:! (a) | F, =ma, gives Fcos30.0 =mg and F = =ma_ gives Fsin30.0 = mvﬁ.

isT= =6.19s.

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.
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5.55. IDENTIFY:! The acceleration due to circular motiondg, = ol

SETUP:! R=800m. 1/T is the number of revolutions per second.
EXecuTE:! (a) Settinga_, = g and stving for the periodr gives

Too RO [ 400M 614
g 9.80m/s

so the number of revolutions per minute(& s/min)/(40.19) = 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 he ratio of the acceleration$,! = (1.5 rev/min) " \/3.70/9.8 = 0.92 rev/min.

2
: . Lo %
EVALUATE :! In part (a) the tangential speed of a point at the rim is givea by R’ o]

V= ,/R@ad = Rg = 62.6m/s; the space station is rotating rapidly.
5.90. IDENTIFY:! Apply 217“ = mi to the box.

SET UP:! The box hasn upward acceleration @f=1.90 m/s” .
ExecuTe:! The floor exerts an upward foroeon the box, obtained from - mg = ma, or n=m(a + g). The

friction force that needs to be balanced is
wn=uma+g) =(0.32)(28.0 kg)(1.90 m/s2 +9.80 m/sz) =105 N.

EvaLUATE :! If the elevator wasn't accelerating the normal force would beng 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 frictioforce.



5.96. IDENTIFY:! Apply EF =ma to the car. The car moves in the arc of a horizontal circl@,sa,,, directed
toward the center of curvature of the roadway. The target variable is the speed of the eadl. be calculated
from the forces and thenwill be calculated froma,,, =v*/R.
(a) To keep the car from sliding up the banking the static friction force is directed down the incline. At maximum
speed the statigittion force has its maximum valug = un.
SeT Up:!' The freebody diagram for the car is sketched in Figure 5.96a.

)
EXECUTE:!
n cosP
! EF}, =ma,
ncosf — f.sinff-mg=0
But f, = un, so
ncos B — unsin f —mg =0
pe Mg
cosf —u.sinf3

R |

f sinp
Figure 5.96a

nsin B + uncos f =ma,,
n(sin 8 + p cos ) = ma,,

Use thez F, equation to replace:

cos B — u.sin 8

s1nﬁ+‘uscc.)s/3’ _ sin25 +(0.30)c?s25 (9.80 m/s?) = 8.73 m/s’
cos ff — u sin 8 c0s25°-(0.30)sin25°

a., =v?/R impliesv=.[a_R =+/(8.73 m/s*)(50 m) = 21 m/s.
(b) IDENTIFY ;! To keep the car from slidindownthe banking the static friction force is directed up the incline.
At the minimum speed the static friction force has its maximum vlueu n.

SeT Up:!' The freebody diagram for the car is sketched igufe 5.96b.

(L)(smﬂ + ‘us COSﬁ) = marad

rad
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Jy sinP

; The freebody diagram is identical to that
[ in part (a) except that now the components
: ~nsinp of f. have opposite directions. The force
fcosP ~ \" /' equations are all the same exceptthe
SN opposite sign for terms containirg.
mg ;
Figure 5.96b

(9.80 m/s*) =1.43 m/s’

ExecuTe:l a,, = ( sin 8 — u, cos 8 ) _ ( sin25°—-(0.30)cos 25

cos 3 + u sin 8 c0s25°+(0.30)sin 25°

v=yfa_R =/(1.43 m/s?)(50 m) =8.5 m/s.

EvALUATE :! Forv 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 thagn. When u, — 0, a,, = gtan 8. Our analysis agrees with the result of
Example 5.23 in this special case.



