RECOMMENDED PROBLEMS

CHAPTER S

@© GENERALPHYSICSA

Physics A - Serway
Aae )
s Mea Jeland) 28Lal Juad il |
Ay Analall 8 oLy 58l ol (5212




Al dlea Jielan) 8Ll Juab il
Sy daalall (8 ol hdll ol (saa

15. Two forces, f‘: = (-6.00i — 4.00j) N and i?: =
(—3.00i + 7.(}(}j) N, act on a particle of mass 2.00 kg
that is iniually at rest at coordinates (—2.00 m,
+4.00 m). (a) What are the components of the particle’s
velocity at £ = 10.0 s7 (b) In what direction is the par-
ticle moving at ¢ = 10.0 s? (c) What displacement does
the particle undergo during the first 10.0 s? (d) What
are the coordinates of the particle at £ = 10.0 s?
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21. A 15.0-lb block rests on the floor. (a) What force does
the floor exert on the block? (b) A rope is tied to the
block and is run vertically over a pulley. The other end
is attached to a free-hanging 10.0-lb object. What now
is the force exerted by the floor on the 15.0-1b block?
(c) If the 10.0-1b object in part (b) is replaced with a
20.0-1b object, what is the force exerted by the floor on
the 15.0-1b block?
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[23.]A 1 000-kg car is pulling a 300-kg trailer. Together,
the car and trailer move forward with an acceleration
of 2.15 m/s% Ignore any force of air drag on the car
and all friction forces on the trailer. Determine (a) the
net force on the car, (b) the net force on the trailer,
(c) the force exerted by the trailer on the car, and
(d) the resultant force exerted by the car on the road.
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28. The systems shown in Figure P5.28 are in equilibrium.

If the spring scales are calibrated in newtons, what do
they read? Ignore the masses of the pulleys and strings
and assume the pulleys and the incline in Figure
P5.28d are frictionless.

lkl.'\‘\‘ W J @ 1}_3}\ -
- — ‘
5.00 kg 500kg  5.00kg
a b}
&
4 T 5.00 kg &
500kg |1 1500 kg
a d]
Figure P5.28
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29. Assume the three blocks portrayed in Figure P5.29

I} move on a frictionless surface and a 42-N force acts as B 22N
shown on the 3.0-kg block. Determine (a) the accelera- 20kg

tion given this system, (b) the tension in the cord con-
necting the 3.0-kg and the 1.0-kg blocks, and (c) the Figure P5.29
force exerted by the 1.0-kg block on the 2.0-kg block.
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The distance between two telephone poles is 50.0 m.
When a 1.00-kg bird lands on the telephone wire mid-
way between the poles, the wire sags 0.200 m. (a) Draw
a free-body diagram of the bird. (b) How much tension
does the bird produce in the wire? Ignore the weight of
the wire.
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33. A bag of cement weighing 325 N TR, A

hangs in  equilibrium  from

M three wires as suggested in Fig-

ure P5.33. Two of the wires make

angles ¢, = 60.0° and #, = 40.0°

with the horizontal. Assuming

the system is in equilibrium,
find the tensions 7,, 75, and T; Figure P5.33

in the wires. Problems 33 and 34.
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40. An object of mass m; = 5.00 kg ﬂ 7
i placed on a frictionless, horizon-
[ tal table is connected to a string
that passes over a pulley and then ‘
is fastened to a hanging object of mo
mass m, = 9.00 kg as shown in

Figure P5.40. (a) Draw free-body Figure P5.40

diagrams of both objects. Find (b) the magnitude of Problems 40, 63,
the acceleration of the objects and (c) the tension in and 87.
the string.
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42. Two objects are connected by a @
light string that passes over a
frictionless pulley as shown in
Figure P5.42. Assume the incline ‘
is frictionless and take m; = U \Mg/
2.00 kg, my = 6.00 kg, and 6 =

55.0°. (a) Draw free-body dia- \
grams of both objects. Find
(b) the magnitude of the accel- 0/ A

eration of the objects, (c) the ten-
sion in the string, and (d) the
speed of each object 2.00 s after Figure P5.42
it is released from rest.
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43. Two blocks, each of mass m =
3.50 kg, are hung from the ceiling
of an elevator as in Figure P5.43.
(a) If the elevator moves with an
upward acceleration a of magni-
tude 1.60 m/s?, find the tensions
1, and 7, in the upper and lower
strings. (b) If the strings can
withstand a maximum tension of
85.0 N, what maximum accelera-
tion can the elevator have before
a string breaks?

Figure P5.43
Problems 43 and 44.

10
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44, Two blocks, each of mass m, are rigure ro.43

. Problems 43 and 44. i
hung from the ceiling of an eleva- —=—
tor as in Figure P5.43. The elevator has an upward accel- gl
eration a. The strings have negligible mass. (a) Find the m 1‘3’
tensions 7, and 7, in the upper and lower strings in T
terms O.f m, a, :..fmd g. +(b) Compare the two t+en511:ms and "
determine which string would break first if @ is made
sufficiently large. (c) What are the tensions if the cable Figure P5.43
supporting the elevator breaks? Problems 43 and 44.

11
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In the system shown in Figure P5.45, a horizontal force

[} F, acts on an object of mass my, = 8.00 kg. The hori- %) My ——t
zontal surface is frictionless. Consider the acceleration e
of the shiding object as a function of F. (a) For what
values of F, does the object of mass m; = 2.00 kg accel- ﬂ
erate upward? (b) For what values of £ is the tension in
the cord zero? (c) Plot the acceleration of the m, object Figure P5.45

versus F . Include values of F_from —100 N to +100 N.

12
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46. An object of mass m; hangs from a string that passes
over a very light fixed pulley P; as shown in Figure
P5.46. The string connects to a second very light pul- % P,
ley P,. A second string passes around this pulley with my ‘ : £
one end attached to a wall and the other to an object ’
of mass my on a frictionless, horizontal table. (a) If a;
and a, are the accelerations of m; and m,, respectively,
what is the relation between these accelerations? Find " ‘ 1

expressions for (b) the tensions in the strings and
(c) the accelerations a, and a, in terms of the masses

Fi P5.46
my; and ms,, and g igure

13
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Figure P5.47

A block is given an initial velocity of 5.00 m/s up a fric-
tionless incline of angle # = 20.0° (Fig. P5.47). How far \lB
up the incline does the block slide before coming to rest?

14
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49. Two blocks of mass 3.50 kg and 8.00 kg are connected

i icti 350kg 7 O\ 8.00 kg
by a massless string that passes over a frictionless pul- \// \\/
ley (Fig. P5.49). The inclines are frictionless. Find (a) P A" - Q

the magnitude of the acceleration of each block and

{b} the tension in the String, Figure P5.49 Problems 49 and 71.

15
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55. A 25.0-kg block is initially at rest on a horizontal sur-

M face. A horizontal force of 75.0 N is required to set
the block in motion, after which a horizontal force of
60.0 N is required to keep the block moving with con-
stant speed. Find (a) the coefficient of static friction
and (b) the coefficient of kinetic friction between the
block and the surface.

16
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60. Awoman at an airport is towing

[ her 20.0-kg suitcase at constant
speed b}: pul]ing on a strap at
an angle ¢ above the horizontal
(Fig. P5.60). She pulls on the
strap with a 35.0-N force, and
the friction force on the suit-
case 15 20.0 N. (a) Draw a free-
body diagram of the suitcase. Figure P5.60
(b) What angle does the strap
make with the horizontal? (c)
What is the magnitude of the normal force that the
ground exerts on the suiltcase?

17
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63. A 9.00-kg hanging object is connected by a light, inex-

[} tensible cord over a light, frictionless pulley to a 5.00-
kg block that is sliding on a flat table (Fig. F5.40). Tak-
ing the coefficient of kinetic friction as 0.200, find the
tension in the string.

18
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64. Three objects arc connected on a table as shown in Fig- my B
ure P5.64. The coefficient of kinetic friction between = e
the block of mass m, and the table is 0.350. The objects
have masses of m; = 4.00 kg, m, = 1.00 kg, and m,; = ™

2.00 kg, and the pulleys are frictionless. (a) Draw a free-

body diagram of each object. (b) Determine the accel-

eration of each object, including its direction. (c) Deter- Figure P5.64
mine the tensions in the two cords. What If? (d) If the

tabletop were smooth, would the tensions increase,

decrease, or remain the same? Explain.

19
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Twc} blocks connected by a T ~

rope of negligible mass are " =¥

M} being dragged by a hori-

zontal force (Fig. P5.65).

Suppose F= 68.0 N, m; =

120 kg, m, = 18.0 kg,

and the coefficient of kinetic friction between each

block and the surface is 0.100. (a) Draw a free-body

diagram for each block. Determine (b) the accelera-
tion of the system and (c) the tension T'in the rope.

Figure P5.65

20
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66. A block of mass 3.00 kg 1s Elilﬁhed ;
up against a wall by a force P that |
makes an angle ol 8 — 50.0% with
the horizontal as shown in Figure __;y l
P5.66. The coefficient of static fric- :
Lion beltween Lhe block and the wall P |
is 0.250. (a) Determine the pgssihle
values for the magnitude of P that
allow the block to remain station-
ary. (b) Describe what happens if P | has a larger value
and what happens if it is smaller. (c¢) Repeat parts (a) and

(b), assuming the force makes an angle of # = 13.0° with
the horizontal.

Figure P5.66

21
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70. A 5.00-kg block is placed on top of a 10.0-kg block (Fig.
PR.70). A horizontal foree of 45.0 N is applied to the S 5]%[]
10-kg block, and the 5.00-kg block is tied to the wall.
The coefficient of kinetic friction between all moving 10.0 kg
surfaces is (.200. (a) Draw a free-body diagram for each |
block and identify the action-reaction forces between
the blocks. (b) Determine the tension in the string and Fi P5.70
the magnitude of the acceleration of the 10.0-kg block. igure .

= =450 N

22
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83. In Example 5.7, we pushed on two blocks on a table.
Suppose three blocks are in contact with one another
on a frictionless, hf}rlzontal surface as shown in Figure
P5.83. A horizontal force F is applied to m,. Take m, =
2.00 kg, m, = 3.00 kg, m; = 4.00 kg, and F= 18.0 N.
(a) Draw a separate free-body diagram for each block.
(b) Determine the acceleration of the blocks. (c) Find
the resultant force on each block. (d) Find the magni- T - "
tudes of the contact forces between the blocks. (e) You F ' s "
are working on a construction project. A coworker is
nailing up plasterboard on one side of a light partition,
and you are on the opposite side, providing “backing” Figure P5.83
by leaning against the wall with your back pushing on
it. Every hammer blow makes your back sting. The
supervisor helps you put a heavy block of wood between
the wall and your back. Using the situation analyzed in
parts (a) through (d) as a model, explain how this
change works to make your job more comfortable.

23
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An object of mass M lﬁ held in place
by an applied force F and a pulley
system as shown in Figure P5.85. The
pulleys are massless and {riction-
less. (a) Draw diagrams showing the
forces on each pulley. Find (b) the
tension in each section of rope, T,
T, 1, ?;,_imd T and (c) the mag-
nitude of F.

{ ‘-"E]: )
) @
Figure P5.85

24
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88. Consider the three connected objects shown in Figure
P5.88. Assume first that the inclined plane is friction-
less and that the system 1s 1n equilibrium. In terms of m, T, a_,f
g and 6, find (a) the mass Mand (b) the tensions 7, and -

T,. Now assumc that the value of M is double the value 2m\ - @
found in part (a). Find (c) the acceleration of each e

object and (d) the tensions T} and 7,. Next, assume that -

the coefficient of static friction between m and 2m and

the inclined plane is m_and that the system is in equilib- )

rium. Find (e} the maximum wvalue of M and FIgI.lI'E P5.88

(f) the minimum value of M. (g) Compare the values of

15 when M has its minimum and maximum values.

25
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89. ri crate of weight fl,is pushed by aforce g
P on a horizontal floor as shown
in Figure P5.89. The ngtl'[icitul ol
static friction is p,, and P is directed
at angle # below the horizontal
(a) Show that the minimum value of P

that will move the crate is given by Figure P5.89
w F, sec
p=—"
1 — p, tan @

26
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What horizontal force must iy -
be applied to a large block
of mass M shown in Figure E M "y
P5.93 so that the tan blocks
remain stationary relative
to M? Assume all surfaces
and the pulley are friction- Figure P5.93
less. Notice that the force Problems 93 and 98.

exerted by the string accelerates m,.

27
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Re\riew. A block of mass m = 2.00 kg is released from
rest at i = 0.500 m above the surface of a table, at the
top of a @ = 30.0° incline as shown in Figure P5.101.
The frictionless incline is fixed on a table of height
H = 200 m. (a) Determine the acceleration of the
block as it slides down the incline. (b) What is the
velocity of the block as it leaves the incline? (¢) How far
from the table will the block hit the floor? (d) What
time interval elapses between when the block is
released and when it hits the floor? (e) Does the mass of
the block affect any of the above calculations?

Figure P5.101 Problems 101 and 102.

28
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103. A block of mass m = 2.00 kg rests on the left edge of a

block of mass M = 8.00 kg. The coefficient of kinetic | I |
friction between the two blocks is 0.300, and the sur- F =
face on which the 8.00-kg block rests is frictionless. A M |

constant horizontal force of magnitude F — 10.0 N is

|
applied to the 2.00-kg block, setting it In motion as a8

|
shown in Figure Pb.103a. If the distance L that the | F == m
leading edge of the smaller block travels on the larger ! = |
block is 3.00 m, (a) in what time interval will the =

smaller block make it to the right side of the 8.00-kg
block as shown in Figure P5.103b? (Note: Both blocks Figure P5.103
are set into motion when F is applied.) (b) How far

does the 8.00-kg block move in the process?

29
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