122 CHAPTER 13  KINETICS OF A PARTICLE: FORCE AND ACCELERATION

| | PROBLEMS

13-1. The 6-lb particle is subjected to the action of its
weight and forces F; = {2i +6j— 2k} b, F, =
{r*i — 4 — 1k} Ib, and F; = {-2d} Ib, where ¢ is in
seconds. Delermine the distance the ball is from the origin
2 s after being released from rest.

Z

F;

F
/ 3 F

X

Prob. 13-1

13-2. The 10-1b block has an initial velocity of 10 ft/s on the
smooth plane. If a force £ = (2.51) Ib, where ¢ is in seconds,
acts on the block for 3 s, determine the final velocity of the
block and the distance the block travels during this time.

v=10ft/s

F=(2501b

Prob. 13-2

13-3. If the coefficient of kinetic friction between the
50-kg crate and the ground is g, = 0.3, determine
the distance the crate travels and its velocity when r = 35,
The crate starts from rest. and P = 200 N.

*13-4. 1If the 50-kg crate starts from rest and achieves a
velocity of w =4 m /s when it travels a distance of 5 m to the
right, determine the magnitude of force P acting on
the crate. The coefficient of kinetic friction between the
crate and the ground is u, = 0.3.

\ 30°

Probs. 13-3/4
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13-5. The water-park ride consists of an 800-b sled
which slides from rest down the incline and then into the
pool. If the frictional resistance on the inclineis £, = 30 Ib,
and in the pool for a short distance F, = 80 Ib, determine
how fast the sled is traveling when s = 5 fL.

100 ft

[‘?‘l"— 100 ft ————

Prob. 13-5

13-6. If P = 400 N and the coefficient of kinetic friction
between the 50-kg crate and the inclined plane is p, = 0.25,
determine the velocily of the crate after it travels 6 m up the
plane. The crate starts from rest.

13-7. If the 50-kg crate starts from rest and travels a
distance of 6 m up the plane in 4 s, determine the magnitude
of force P acting on the crate. The coefficient of kinetic
friction between the crate and the ground is y, = 0.25.

Probs. 13-6/7
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13.4 EouaTIONS OF MOTION: RECTANGULAR COORDINATES 123

*13-8. The speed of the 3500-1b sports car is plotied over
the 30-s time period. Plot the variation of the traction force
F needed to cause the motion.

v (ft/s)

(s}

Prob. 13-8

13-9. The crate has a mass of 80 kg and is being towed by
a chain which is always directed at 20° from the horizontal
as shown. If the magnitude of P is increased until the crate
begins to slide, determine the crate’s initial acceleration if
the coefficient of static Iriction is u, = 0.5 and the
coefficient of kinetic friction is w, = 0.3.

13-10. The crate has a mass of 80 kg and is being towed by
a chain which is always directed at 20° from the horizontal
as shown. Determine the crate’s acceleration n 1 = 2 if
the coefficient of static friction is w, = 0.4, the coefficient of
kinetic friction is p, = 0.3, and the towing force is
P = (90r%) N, where ¢ is in seconds.

Probs. 13-9/10
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13-11. The safe § has a weight of 200 Ib and is supported
by the rope and pulley arrangement shown. If the end of
the rope is given to a boy B of weight 90 b, determine his
acceleration if in the confusion he doesn’t let go of the rope.
Neglect the mass of the pulleys and rope.

Prob. 13-11

#13-12. The boy having a weight of 80 Ib hangs uniformly
from the bar. Determine the force in ¢ach of his arms in
t = 25 if the bar is moving upward with (a) a constant
velocity of 3 ft/s, and (b) a speed of v = (4¢%) ft/s, where
tis in seconds.

Prob. 13-12
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13-13. The bullet of mass m is given a velocity due to gas
pressure caused by the burning of powder within the
chamber of the gun. Assuming this pressure creates a force
of F= Fysin (7t /fy) on the bullet, determine the velocity of
the bullet at any instant it is in the barrel. What is the bullet’s
maximum velocity? Also, determine the position of the
bullet in the barrel as a function of time.

Prob. 13-13

! \
t
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13-14. The 2-Mg truck is traveling at 15 m /s when the brakes
on all its wheels are applied. causing it to skid for a distance of
10 m before coming to rest. Determine the constant horizontal
force developed in the coupling C, and the frictional force
developed between the tires of the truck and the road during
this time. The total mass of the boat and trailer is 1 Mg.

Prob. 13-14

13-15. A freight elevator, including its load, has a mass of
500 kg. It is prevented from rotating by the track and wheels
mounted along its sides. When ¢ = 2 s, the motor M draws
in the cable with a speed of 6 m/s, measured relative to the
elevator. 1f it starts from rest. determine the constant
acceleration of the elevator and the tension in the cable.
Neglect the mass of the pulleys, motor, and cables.

Prob. 13-15
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#13-16. The man pushes on the 60-1b crate with a force F,
The force is always directed down at 30° from the horizontal
as shown, and its magnitude is increased until the craie
begins to slide. Determine the crate’s initial acceleration
if the coefficient of static friction is p, = 0.6 and the

coefficient of kinetic friction is p, = 0.3.

Prob. 13-16

13-17. The double inclined plane supports two blocks A
and B. each having a weight of 10 1b. If the coefficient of
kinetic friction between the blocks and the plane is
e = 0.1, determine the acceleration of each block.

Prob. 13-17

13-18. A 40-Ib suitcase slides from rest 20 ft down the
smooth ramp. Determine the point where it strikes the
ground at C. How long does it take to go from A to C?

13-19. Solve Prob. 13-18 if the suitcase has an initial
velocity down the ramp of vy = 10ft/s and the coefficient
of kinetic friction along AB is p, = 0.2.

Probs. 13-18/19
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*13-20. The 400-kg mine car is hoisted up the incline
using the cable and motor M. For a short time. the force in
the cable is F' = (32007) N, where 1 is in seconds. If the car
has an initial velocity v, = 2 m/s when r = 0, determine its
velocity when t = 2.

13-21. The 400-kg mine car is hoisted up the incline using
the cable and motor M. For a short time, the force in the
cable is F = (3200 N, where ¢ is in seconds. If the car has
aninitial velocity v, = 2m/sats = Oandt = 0, determine
the distance it moves up the plane whent = 2 5.

Probs. 13-20/21

13-22. Determine the required mass of block A so that
when it is released from rest it moves the 5-kg block B
0.75 m up along the smooth inclined plane in ¢ = 25,
Neglect the mass of the pulleys and cords.

Prob. 13-22
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13-23. The winding drum D is drawing in the cable at an
accelerated rate of 5 m/s”. Determine the cable tension if
the suspended crate has a mass of 800 kg.

Prob. 13-23

#13-24. If the motor draws in the cable at a rate of
v = (0.055'%) m/s, where s is in meters, determine the
tension developed in the cable when 5= 10 m. The crate has
a mass of 20 kg, and the coefficient of kinetic friction
between the crate and the ground is g, = 0.2

13-25. If the motor draws in the cable at a rate of
v =(0.05¢) m /s, where ¢ is in seconds, determine the tension
developed in the cable when ¢ = 5 5. The crate has a mass of
20 kg and the coefficient of kinetic friction between the
crate and the ground is u, = 0.2

Probs. 13-24/25
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13-26. The 2-kg shaft CA passes through a smooth journal
bearing at B. Initially, the springs. which are coiled loosely
around the shaft, are unstretched when no force is applied
to the shaft. In this position s = s' = 250 mm and the shaft
is at rest. If a horizontal force of F = 5kN is applied.
determine the speed of the shaft at the instant s = 50 mm.

5" = 450 mm. The ends of the springs are attached to the

bearing at £ and the caps at C and A.
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N kap = 2kN/m

Prob. 13-26

13-27. The 30-Ib crate is being hoisted upward with a
constant acceleration of 6 ft/s*. If the uniform beam AB has
a weight of 200 Ib. determine the components of reaction at
A, Neglect the size and mass ol the pulley at B, Hint: First
find the tension in the cable, then analyze the forces in the
beam using statics.

51t i

Prob. 13-27
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#13-28. The driver attempis to tow the crate using a rope
that has a tensile strength of 200 Ib. If the crate is originally
at rest and has a weight of 500 |b, determine the greatest
acceleration it can have if the coefficient of static friction
between the crate and the road is p, = 0.4, and the
coefficient of kinetic friction is w, = 0.3,

Prob. 13-28
13-29. The force exerted by the motor on the cable is

shown in the graph. Determine the velocity of the 200-1b
crate when =258 F(p)

2501b -

t(s)

Prob. 13-29

13-30.

The force of the motor M on the cable is shown in the
graph. Determine the velocity of the 400-kg crate A when =125,
F(N)

2500t
— F=625¢
M 2

t(s)

Prob. 13-30
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13-31. The tractor is used to lift the 150-kg load B with
the 24-m-long rope, boom, and pulley system. If the
tractor travels to the right at a constant speed of 4 m/s,

127

13-34. Each of the two blocks has a mass mr. The coefficient
of kinetic friction at all surfaces of contact is u. If a
horizontal force P moves the bottom block, determine the

determine the tension in the rope when sy = 5 m. When acceleration of the bottom block in each case.

o O.SB = 0. |
#13-32. The tractor is used to lift the 150-kg load B with 13
the 24-m-long rope. boom, and pulley system. If the tractor e |
travels to the right with an acceleration of 3 m/s” and has a
velocity of 4 m/s at the instant s, = 5 m. determine the Pe— A
tension in the rope at this instant. When s, = 0,55 = 0.

(a)

B
Pe— A
(b)
Prob. 13-34

13-35. The conveyor belt is moving at 4 m/s. If the
coefficient of static friction between the conveyor and the
10-kg package B is p, = 0.2, determine the shortest time
the belt can stop so that the package does not slide on
the belt.

Probs. 13-31/32

Prob. 13-35

#13-36. The 2-1b collar C fits loosely on the smooth shaft.
If the spring is unstretched when s = 0 and the collar is
given a velocity of 15 ft/s, determine the velocity of the

13-33. Each of the three plates has a mass of 10 kg, If the eollarwhian = 146

coefficients of static and kinetic friction at each surface of
contact are w, = 0.3 and p, = 0.2, respectively, determine
the acceleration of cach plate when the three horizontal

forces are applied. &
: s
~
1§ N €—— D R‘\"r
c ——> 100N k=4 Th /it
15 N B
A
Prob. 13-33 Prob. 13-36
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13-37. Cylinder B has a mass m and is hoisted using the
cord and pulley system shown. Determine the magnitude of
force F as a function of the cylinder’s vertical position y so
that when F is applied the cylinder rises with a constant
acceleration ag. Neglect the mass of the cord, pulleys, hook
and chain.

e d,fa
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Prob. 13-37

13-38. The conveyor belt delivers each 12-kg crate to the
ramp at A such that the crate’s speed is vy = 2.5m/s,
directed down along the ramp. If the coefficient of Kinetic
friction between each crate and the ramp is g, = 0.3,
determine the speed at which each crate slides off the ramp

at B. Assume that no tipping occurs, Take 6 = 30°,

Prob. 13-38
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13-39.  An electron of mass m is discharged with an initial
horizontal velocity of v, If it is subjected to two ficlds of
farce for which F, = [, and F, = 0.3F, where F; is constant,
determine the equation of the path, and the speed of the
¢lectron at any time #.

t+++++tr A+
[—== = |

¥

tH++r+HFrrt++++

=e=——)
=

Prob. 13-39

“13-40. The engine of the van produces a constant driving
traction force F at the wheels as it ascends the slope at a
constant velocity v. Determine the acceleration of the van
when it passes point A and begins to travel on a level road,
provided that it maintains the same traction force.

A
F
'
L]
Prob. 13-40

Uploaded By: anonymous



13.4 EquaTioNs OF MoTION: RECTANGULAR COORDINATES 129

13-41. The 2-kg collar Cis free to slide along the smooth *13-44, When the blocks are released, determine their
shaft AB. Determine the acceleration of collar Cif (a) the acceleration and the tension of the cable. Negleet the mass
shaft is fixed from moving, (b) collar A. which is fixed of the pulley.

to shaft AR moves downward at constant velocity along the
vertical rod. and (¢) collar A is subjected to a downward
acceleration of 2m/s”. In all cases. the collar moves in
the plane.

13-42. The 2-kg collar C is free to slide along the smooth
shalt AB. Determine the acceleration of collar Cif collar A

is subjected Lo an upward acceleration of 4 m/s”.

30ke
Prob. 1344

Probs. 13-41/42

13-45. If the force exerted on cable AB by the motor is

o o F = (1006*) N, where is in seconds, determine the 50-kg

13-43. The coefficient of static friction %Tctwccn the crate’s velocity when t = 5 5. The coefficients of static and
200-kg crate and the flat bed of the truck is u, = 0.3. kinetic friction between the crate and the ground are
Determine the shnrtest time fur. the truck to reach a.spsed e = 0.4 and g, = 0.3, respectively. Initially the crate is
of 60 km /h. starting from rest with constant acceleration. so

at rest.
that the crate does not slip.
—
A B
Prob. 1343 Prob. 13-45
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130 CHAPTER 13

13-46. Blocks A and B each have a mass m. Determine
the largest horizontal force P which can be applied to B so
that A will not move relative to B. All surfaces are smooth.

13-47. Blocks A and B each have a mass m. Determine the
largest horizontal force P which can be applied to B so that A
will not slip on B. The coefficient of static friction between A
and B is u,. Neglect any friction between B and C

Probs. 13-46/47

*13-48. A parachutist having a mass m opens his
parachute from an at-rest position at a very high altitude, If
the atmospheric drag resistance is Fj, = kv?, where k is a
constant, determine his velocity when he has fallen for a
time r. What is his velocity when he lands on the ground?
This velocity is referred to as the terminal velocity, which is
found by letting the time of fall 1 — =,

f,

Prob. 13-48

13—49. The smooth block B of negligible size has a mass m
and rests on the horizontal plane. If the board AC pushes on
the block at an angle £ with a constant acceleration ag.
determine the velocity of the block along the board and the
distance s the block moves along the board as a function of
time ¢. The block starts from rest when s = 0,1 = (.

Proh. 1349
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13-50. A projectile of mass m is fired into a liquid at an
angle #y with an initial velocity vy as shown. If the liquid
develops a frictional or drag resistance on the projectile
which is proportional to its velocity, i.e.. FF = kv, where k is
a constant, determine the x and y components of its position
at any instant. Also, what is the maximum distance x,,,, that
it travels?

¥y

iy

Prob. 13-50

13-51. The block A has a mass m, and rests on the pan B,
which has a mass mp. Both are supported by a spring having
a stiffness & that is attached to the bottom of the pan and to
the ground. Determine the distance d the pan should be
pushed down from the equilibrium position and then
released from rest so that separation of the block will take
place from the surface of the pan at the instant the spring
becomes unstretched.

Prob. 13-51
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T ——

*13-52. A girl, having a mass of 15 kg. sits motionless
relative to the surface of a horizontal platform at a distance
of r=235m from the platform’s center. If the angular motion
of the platform is slowly increased so that the girl’s
tangential component of acceleration can be neglected,
determine the maximum speed which the girl will have
before she begins to slip off the platform. The coefficient of
static friction between the girl and the platform is p = 0.2

Prob. 13-52

13-53. The 2-kg block B and 15-kg cylinder A are connected
to a light cord that passes through a hole in the center of the
smooth table. If the block is given a speed of v = 10m/s.
determine the radius r of the circular path along which it travels,

13-54. The 2-kgblock B and 15-kg cylinder A are connected
to a light cord that passes through a hole in the center of the
smooth table. If the block travels along a circular path of
radius r = 1.5m. determine the speed of the block.

Probs. 13-53/54
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13-55. The 3-kg collar A is sliding around a smooth
vertical guide rod. At the instant shown. the speed of the
collaris v=4m /s.which is increasing at 3 m/s *. Determine
the normal reaction of the guide rod on the collar, and
force P at this instant.

Prob. 13-55

*13-56. Cartons having a mass of 5 kg are required to
move along the assembly line at a constant speed of 8 m/s.
Determine the smallest radius of curvature, p, for the
conveyor so the cartons do not slip. The coefficients of static
and kinetic friction between a carton and the conveyor are
m, = 0.7 and g, = 0.5, respectively,
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13-57. The block B. having a mass of 0.2 kg, is attached to
the vertex A of the right circular cone using a light cord, The
cone is rotating at a constant angular rate about the z axis
such that the block attains a speed of 0.5 m/s. At this speed,
determine the tension in the cord and the reaction which
the cone exerts on the block. Neglect the size of the block
and the effect of friction.

Prob. 13-57

13-58. The 2-kg spool S fits loosely on the inclined rod for
which the coefficient of static friction is u, = 0.2, If the
spool is located 0.25 m from A, determine the minimum
constant speed the spool can have so that it does not slip
down the rod.

13-59. The 2-kg spool § fits loosely on the inclined rod for
which the coefficient of static friction is w, = 0.2. If the
spool is located 0.25 m from A, determine the maximum
constant speed the spool can have so that it does not slip
up the rod.

Probs. 13-58/59
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*13-60. At the instant @ = 60F, the boy’s center of mass G
has a downward speed v; = 15 ft/s. Determine the rate of
increase in his speed and the tension in each of the two
supporting cords of the swing at this instant. The boy has a
weight of 60 Ib. Neglect his size and the mass of the seat
and cords.

13-61. At the instant # = 60°, the boy’s center of mass G
is momentarily at rest. Determine his speed and the tension
in each of the two supporting cords of the swing when
# = 90°. The boy has a weight of 60 Ib. Neglect his size and
the mass of the seat and cords.

Probs. 13-60/61

13-62. The 10-1b suitcase slides down the curved ramp for
which the coelficient of kinetic friction is p, = 0.2, If at
the instant it reaches point A it has a speed of 5 fi/s,
determine the normal force on the suitcase and the rate of
increase of its speed.

Prob. 13-62
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13-63. The 150-1b man lies against the cushion for which
the coefficient of static friction is p, = (.5, Determine the
resultant normal and frictional forces the cushion exerts on
him if, due to rotation about the z axis. he has a constant
speed v = 20ft/s. Neglect the size of the man. Take
# = 60°

#13-64. The 150-Ib man lies against the cushion for which
the coefficient of static friction is u, = 0.5, If he rotates
about the z axis with a constant speed v = 30 ft/s. determine
the smallest angle # of the cushion at which he will begin to
slip off.

81t

Probs. 13-63/64

13-65. Determine the constant speed of the passengers on
the amusement-park ride if it is observed that the supporting
cables are directed at ¢ = 30° from the vertical. Each chair
including its passenger has a mass of 80 kg. Also, what are the
components of force in the a, ¢, and b directions which the
chair exerts on a 50-kg passenger during the motion?

Prob. 13-65
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13-66. The man has a mass of 80 kg and sits 3 m from the
center of the rotating platform. Due to the rotation his
speed is increased from rest by ¥ = 04 m/s%. If the
coefficient of static friction between his clothes and
the platform is p, = 0.3, determine the time required to
cause him to slip.

13-67. The vehicle is designed to combine the feel of a
motoreycle with the comfort and safety of an automobile, If
the vehicle is traveling at a constant speed of 80 km /h along
a circular curved road of radius 100 m. determine the tilt
angle # of the vehicle so that only a normal foree from the
seat acts on the driver. Neglect the size of the driver.

Prob. 13-67
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*13-68. The 0.8-Mg car travels over the hill having the
shape of a parabola. IT the driver maintains a constant speed
of Y m/s, determine both the resultant normal force and the
resultant frictional force that all the wheels of the car exert
on the road at the instant it reaches point A, Neglect the
size of the car.

13-69. The 0.8-Mg car travels over the hill having the
shape of a parabola. When the car is at point A, it is traveling
at 9 m/s and increasing its speed at 3 m/s”, Determine both
the resultant normal force and the resultant frictional force
that all the wheels of the car exert on the road at this instant.
Neglect the size of the car.

'
= e
Y= Ak~ g
A
X
80 m
Probs. 13-68/69

13-70. The package has a weight of 5 1b and slides down
the chute. When it reaches the curved portion AB, it is
traveling at 8 {t/s (6 = 0°). If the chute is smooth, determine
the speed of the package when it reaches the intermediate
point C (f## = 30°) and when it reaches the horizontal plane
(6 = 45°). Also. find the normal force on the package at C.

Prob. 13-70

13-71. If the ball has a mass of 30 kg and a speed
v = 4m/s at the instant it is at its lowest point, §# = 07,
determine the tension in the cord at this instant. Also,
determine the angle ) to which the ball swings at the instant
it momentarily stops. Neglect the size of the ball.

STUDENTS-HUB.com

#13-72. The ball has amass of 30 kgand aspeed v = 4 m/s
at the instant it is at its lowest point, § = 0°. Determine the
tension in the cord and the rate at which the ball’s speed is
decreasing at the instant 8 = 20°. Neglect the size of the ball.

Probs. 13-71/72

0

13-73. Determine the maximum speed at which the car with
mass m can pass over the top point A of the vertical curved
road and still maintain contact with the road. If the car
maintains this speed. what is the normal reaction the road
exerts on the car when it passes the lowest point & on the road?

Prob. 13-73

13-74. Ii the crest of the hill has a radius of curvature
p = 200 fi, determine the maximum constant speed at
which the car can travel over it without leaving the surface
of the road. Neglect the size of the car in the calculation.
The car has a weight of 3500 Ib.

Prob. 13-74
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13-75. Bobs A and B of mass m 4 and my (m4 > my) are
connected to an inextensible light string of length / that
passes through the smooth ring at C. If bob B moves as a
conical pendulum such that A is suspended a distance of h

from C, determine the angle # and the speed of bob B.

. I Neglect the size of both bobs.
i
)

Prob. 13-75

KINETICS OF A PARTICLE: FORCE AND ACCELERATION

13-77. The skier starts from rest at A(10 m, 0) and
descends the smooth slope. which may be approximated by
a parabola. If she has a mass of 52 kg, determine the normal
force the ground exerts on the skier at the instant she
arrives at point B, Neglect the size of the skier. Hint: Use
the result of Prob. 13-76.

¥
10 m y=%x?—5 =
& A\v
o e
Prob., 13-77

13-78. A spring. having an unstretched length of 2 ft. has
one end attached to the 10-Ib ball. Determine the angle ¢ of
the spring il the ball has a speed of 6 ft/s tangent to the
horizontal circular path.

*13-76. Prove that if the block is released from rest at

point B of a smooth path of arbitrary shape. the speed it

attains when it reaches point A is equal to the speed it atlains 6t
when it falls freely through a distance h:ie..v = V2gh. "

k = 201b/ft

Prob. 13-78

Prob. 13-76
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13-79. The airplane, traveling at a constant speed of 50 m/s,
is executing a horizontal turn. If the plane is banked at
f} = 15° when the pilot experiences only a normal force on
the seat of the plane, determine the radius of curvature p of
the turn. Also, what is the normal force of the seat on the
pilot il he has a mass of 70 kg.

)

”-.. i RS = 4
— —a
i
.
Prob. 13-79

*13-80. A 5-Mg airplane is {lving al a constant speed of
350 km/h along a horizontal circular path of radius
r = 3000m. Determine the uplift force L acting on the
airplane and the banking angle . Neglect the size of the
airplane.

13-81. A 5-Mg airplane is flying at a constant speed of
350 km/h along a horizontal circular path. If the banking
angle 8 = 15°, determine the uplift force L acting on the
airplane and the radius r of the circular path. Neglect
the size of the airplane.

Probs. 13-80/81

13-82. The 800-kg motorbike travels with a constant speed
of 80 km /h up the hill. Determine the normal force the surface
exerts on its wheels when it reaches point A. Neglect its size.

¥

Prob. 13-82
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13-83. The ball has a mass m and is attached to the cord of
length [ The cord is tied at the top to a swivel and the ball is
given a velocity v, Show that the angle # which the cord
makes with the vertical as the ball travels around the circular
path must satisfy the equation tan # sin # = v3/gl. Neglect
air resistance and the size of the ball.

*13-84. The 5-Ib collar slides on the smooth rod, so that
when it is at A it has a speed of 10 ft/s. If the spring to which
it is attached has an unstretched length of 3 ft and a stiffness
of k = 10 Ib/ft. determine the normal foree on the collar and
the magnitude of the acceleration of the collar at this instant.

Uploaded By: anonymous




13.6 EauaTions oF MoTION: CYLINDRICAL COORDINATES 149

. FUNDAMENTAL PROBLEMS

F13-13. Determine the constant angular velocity 6 of the
vertical shaft of the amusement ride if ¢ = 45°. Neglect the
mass of the cables and the size of the passengers,

I.5m
- »
| \_7] 0
EEN T
F13-13

F13-14. The 0.2-kg ball is blown through the smooth
vertical circular tube whose shape is defined by
r = (0.6 sin /) m, where # is in radians, If # = (7 ) rad,
where ¢ is in seconds, determine the magnitude of force F
exerted by the blower on the ball whent = 0.5 s.

F13-15. The 2-Mg car is traveling along the curved road
described by r = (50¢*") m, where @ is in radians. If a
camera is located at A and it rotates with an angular
velocity of # = 0.05 rad/s and an angular acceleration of
# = 0.01 rad/s* at the instant @ = ¥ rad. determine the
resultant friction force developed between the tires and the
road at this instant.

F13-15

F13-16. The 0.2-kg pin P is constrained to move in the
smooth curved slot, which is defined by the lemniscate
r = (0.6 cos 20) m. Its motion is controlled by the rotation
of the slotted arm OA, which has a constant clockwise
angular velocity of # = —3 rad/s. Determine the force arm
OA exerts on the pin P when # = (°. Motion is in the
vertical plane.

F13-14

STUDENTS-HUB.com

F13-16

Uploaded By: anonymous




150 CHAPTER 13

KINETICS OF A PARTICLE: FORCE AND ACCELERATION

__[PROBLEMS

13-85. The spring-held follower AB has a weight of 0.75 Ib
and moves back and forth as its end rolls on the contoured
surface of the cam, where r = 0.2 ft and z = (0.1 sin 26) ft. If
the cam is rotating at a constant rate of 6 rad/s. determine the
force at the end A of the follower when # = 45, In this position
the spring is compressed (.4 ft. Neglect friction at the bearing C.

Y

z=01sin28

Prob. 13-85

13-86. Determine the magnitude of the resultant force acting
on a 5-kg particle at the instant 1 = 2 s, if the particle is moving
alonga horizontal pathdefined by theequationsr = (2t + 10} m
and 6 = (1.5 — 6r) rad. where ¢is in seconds.

13-87. The path of motion of a 5-b particle in the
horizontal plane is described in terms of polar coordinates
as r= (2t + D) ft and # = (0.5t> — ¢ rad, where ¢ is in
seconds, Determine the magnitude of the unbalanced force
acting on the particle when r = 2 5.

*13-88. A particle, having a mass of 1.5 kg, moves along
a path defined by the equations r= (4 + 3nm,
6= (t* + 2)rad, and z = (6 — 1 ), where  is in seconds.
Determine the r, #, and z components of force which the
path exerts on the particle whent = 2 s,

13-89. Rod OA rotates counterclockwise with a constant
angular velocity of § = 5 rad/s. The double collar B is pin-
connected together such that one collar slides over the
rotating rod and the other slides over the horizontal curved
rod. of which the shape is described by the equation
r = 1.5(2 — cos 0) ft. If both collars weigh 0.75 1b, determine
the normal force which the curved rod exerts on one collar
at the instant # = 120°. Neglect friction.

r=135({2—cosh)lt

Prob. 13-89

STUDENTS-HUB.com

13-90. The boy of mass 40 kg is sliding down the spiral
slide at a constant speed such that his position. measured
from the top of the chute, has components r = 1.5m,
ft = (0.70rad, and z = (=0.5tym, where r is in seconds.
Determine the components of force F,, Fy, and F_ which the
slide exerts on him at the instant r = 2 5. Neglect the size of
the bov,

Prob. 13-90

13-91. The 0.5-1b particle is guided along the circular path
using the slotted arm guide. If the arm has an angular velocity
f = 4 rad/s. and an angular acceleration # = 8 rad/s. at the
instant # = 30°, determine the force of the guide on the
particle. Motion occurs in the horizontal plane.

0.5 ft

Proh. 13-91
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#13-92. Using a forked rod, a smooth cylinder € having a
mass of 0.5 kg is forced to move along the vertical slotted
path r = (0.5¢) m, where # is in radians. If the angular
position of the arm is # = (0.51 %y rad, where ¢ is in seconds,
determine the force of the rod on the cylinder and the
normal force of the slot on the cylinder at the instant
t = 2 5. The cylinder is in contact with only one edge of the
rod and slot at any instant.

Prob. 13-92

13-93. If arm OA rotates with a constant clockwise
angular velocity of # = 1.5 rad/s. determine the force arm
0A exerts on the smooth 4-1b cylinder B when @ = 457,

Prob. 13-93
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13-94. The collar has a mass of 2 kg and travels along the
smooth horizontal rod defined by the equiangular spiral
r = (¢") m, where @ is in radians. Determine the tangential
force F and the normal force N acting on the collar when
# = 90°, if the force F maintains a constant angular motion
6 = 2rad/s.

=

Prob. 13-94

13-95. The ball has a mass of 2 kg and a negligible size. It
is originally traveling around the horizontal circular path
of radius ry, = 0.5 m such that the angular rate of rotation
is fy = 1rad/s. If the attached cord ABC is drawn down
through the hole at a constant speed of 0.2 m/s, determine
the tension the cord exerts on the ball at the instant
r = .25 m. Also, compute the angular velocity of the ball
at this instant. Neglect the effects of friction between the
ball and horizontal plane. Hint: First show that the
equation of motion in the # direction yields
ag = rfl + 2 = (1/r) (d(?8/df) = 0. When integrated,
7 = ¢, where the constant ¢ is determined from the
problem data.

Prob. 13-95
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*13-96. The particle has a mass of 0.5 kg and is confined
to move along the smooth horizontal slot due to the rotation
of the arm OA. Determine the force of the rod on the
particle and the normal force of the slot on the particle
~ when # = 30° The rod is rotating with a constant angular

velocity f = 2rad/s. Assume the particle contacts only one
'~ side of the slot at any instant.

13-97. Solve Problem 13-96 if the arm has an angular
acceleration of § = 3 rad/s” and § = 2 rad/s at this instant.
Assume the particle contacts only one side of the slot at any
instant.

f=2rad/s \/

0.5m

Probs. 13-96/97

13-98. The collar has a mass of 2 kg and travels along the
smooth horizontal rod defined by the equiangular spiral
r = (%) m, where # is in radians. Determine the tangential
force F and the normal force N acting on the collar when
# = 45° if the force F maintains a constant angular motion
6 = 2 rad/s.

Prob. 13-98
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13-99. For a short time, the 250-kg roller coaster car is
traveling along the spiral track such that its position
measured from the top of the track has components
r=8m,# = (0.1t + 0.5)rad, and z = (—0.2/) m, where 1 is
in seconds. Determine the magnitudes of the components of
force which the track exerts on the car in the r. 6, and z
directions at the instant t = 2 s, Neglect the size of the car.

Proh. 13-99

#13-100. The 0.5-1b ball is guided along the vertical
circular path » = 2r, cosf using the arm OA. If the arm
has an angular velocity § = 0.4rad/s and an angular
acceleration ¢ = 0.8rad/s* at the instant 6 = 30°,
determine the force of the arm on the ball. Neglect friction
and the size of the ball. Set r, = 041t

13-101. The ball of mass m is guided along the vertical
circular path r = 2r.cos f using the arm OA. If the arm
has a constant angular velocity #,, determine the angle
! = 45° at which the ball starts to leave the surface of the
semicylinder. Neglect friction and the size of the ball.

Probs. 13-100/101
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13-102. Using a forked rod. a smooth cylinder P. having a
mass of 0.4 kg, is forced to move along the vertical slotted
path r = (0.66) m, where ¢ is in radians, If the cylinder has a
constant speed of v = 2 m/s, determine the force of the rod
and the normal force of the slot on the eylinder at the instant
0 = m rad. Assume the cylinder is in contact with only one
edge of the rod and slot at any instant. Hint: To obtain the
time derivatives necessary fo compute the cylinder’s
acceleration components ¢, and ay, take the first and second
time derivatives of r = 0.60. Then, for further information,
use Eq. 12-26 to determine 6. Also. take the time derivative
of Eq. 12-26, noting that ¢ = 0 to determine f.

Prob. 13-102

13-103. A ride in an amusement park consists of a cart
which is supported by small wheels. Initially the cart is
traveling in a circular path of radius rg = 16 ft such that the
angular rate of rotation is f, = 0.2 rad/s. If the attached
cable OC is drawn inward at a constant speed of
F = —0.5 fi/s, determine the tension it exerts on the cart at
the instant r = 4 ft. The cart and its passengers have a lotal
weight of 400 Ib. Neglect the effects of friction. Hine: First
show that the equation of motion in the @ direction yields
ag =il + 20 = (1/)d(rF #)/dr = 0. When integrated,
r# = ¢, where the constant ¢ is determined from the
problem data.

Prob. 13103
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#13-104. The arm is rotating at a rate of § = 5 rad/s when
# = 2rad/s* and 6 = 90°. Determine the normal force it
must exert on the 0.5-kg particle il the particle is confined
to move along the slotted path defined by the horizontal
hyperbolic spiral r# = 0.2 m.

6 =3Srad/s,
A 6= o0

i =2 rad /s’

Prob. 13-104

13-105. The forked rod is used to move the smooth 2-lb
particle around the horizontal path in the shape of a
limagon, r = (2 + cos #) L. If at all times 6 =05 rad /s,
determine the force which the rod exerts on the particle at
the instant # = 90°. The fork and path contact the particle
on only one side.

13-106. Solve Prob. 13-105 at the instant @ = 60°.

13-107. The forked rod is used to move the smooth 2-lb
particle around the horizontal path in the shape of a
limagon, r = (2 + cos #) ft. If ® = (0.5/) rad, where t is in
seconds, determine the force which the rod exerts on the
particle at the instant r = 1 5. The fork and path contact the
particle on only one side.

Probs. 13-105/106/107
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#13-108. The collar. which has a weight of 3 Ib, slides along
the smooth rod lying in the horizontal plane and having the
shape of a parabola r = 4/(1 — cos #), where # is in radians
and ris in feet. If the collar’s angular rate is constant and
equals 0 = 4rad/s, determine the tangential retarding
- force P needed to cause the motion and the normal force

~ that the collar exerts on the rod at the instant # = 90°.

Prob. 13-108

13-109. The smooth particle has a mass of 80g. Tt is
attached to an elastic cord extending from O to P and due
to the slotted arm guide moves along the horizontal circular
path r = (0.8 sin #) m. If the cord has a stiffness k = 30 N/m
and an unstretched length of 0.25 m, determine the force of
the guide on the particle when ¢ = 60°. The guide has a
constant angular velocity # = 5 rad/s.

13-110. Solve Prob. 13-109 if 6 = 2rad/s’ when
# = Srad/s and § = 60"

Probs. 13-109/110
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13-111. A 0D.2-kg spool slides down along a smooth rod,
If the rod has a constant angular rate of rotation
¢ = 2rad/s in the vertical plane, show that the equations
of motion for the spool are ¥ — 4r — 9.81sinf = 0 and
0.8 + N, — 1962 cos 8 = 0, where N, is the magnitude
of the normal force of the rod on the spool. Using the
methods of differential equations, it can be shown that
the solution of the first of these equations is
F=Cre ¥ + Coe™ — (9.81/8) sin 21 If r, i, and # are zero
when r = 0, evaluale the constants €, and C; determine r
at the instant # = 7 /4 rad.

Prob. 13-111

#13-112. The pilot of an airplane executes a vertical loop
which in part follows the path of a cardioid.
r=600(1 + cosé) ft. If his speed at A (# =10 is a
constant vp = 80 fi/s, determine the vertical force the seal
belt must exert on him to hold him to his seat when the
plane is upside down at A. He weighs 150 Ib.

o,
F
[N

F= 600 (1 + cos ) ft
I

H_ .", |

i |

In'

Prob. 13-112
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