
Problemas y ejercicios de
F́ısica 1

Dinámica lineal

1. Una masa de 3 kg se somete a una aceleración
dada por ~a = (2 ı̂ + 5 ̂) m/s2. Determine la

fuerza resultante
∑ ~F y su magnitud.

(16,15 N)

2. Un bloque de 5, 5 Kg está inicialmente en re-
poso sobre una superficie horizontal sin fric-
ción. Es halado con una fuerza horizontal con-
stante de 3, 8 N . ¿Cuál es su aceleración?
¿Cuánto tiempo debe ser halado antes de que
su velocidad sea de 5, 2 m/s? ¿Cuánto se aleja
en este tiempo? (0, 69 m/s2; 7,5 s; 19,6 m)

3. Un bloque de 5, 1 Kg es halado a lo largo
de un piso sin fricción por una cuerda que
ejerce una fuerza ~F = 12 N con un ángulo
θ = 25 ◦ sobre la horizontal, como se muestra
en la figura.

a) ¿Cuál es la aceleración del bloque?
(2, 13 m/s2)

b) ¿La fuerza ~F se incrementa lentamente.

¿Cuál es el valor de ~F en el momento
antes de que el bloque sea levantado del
piso? (118 N)

c) ¿Cuál es la aceleración del bloque
antes de que sea levantado del piso?
(20, 9 m/s2)

4. La figura muestra tres cajas con masas m1 =
42, 5 kg, m2 = 22, 8 kg, y m3 = 34, 3 kg sobre
una superficie horizontal carente de fricción.

a) ¿Qué fuerza horizontal ~F se necesita
para empujar las cajas hacia la derecha,
como si fueran una sola unidad, con una
aceleración de 1, 32 m/s2? (131,5 N)

b) Halle la fuerza ejercida por m2 sobre m3.
(45,3 N)

c) Halle la fuerza ejercida por m1 sobre m2.
(75,4 N)

5. Dos fuerzas ~F1 y ~F2, actúan sobre una masa
de 5 kg. Si | ~F1| = 20 N y | ~F2| = 15 N , en-
cuentre las aceleraciones en a) y en b) de la
figura. (5 m/s2 y 6, 08 m/s2)
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11. An electron of mass 9.11 ! 10"31 kg has an initial speed
of 3.00 ! 105 m/s. It travels in a straight line, and its
speed increases to 7.00 ! 105 m/s in a distance of 
5.00 cm. Assuming its acceleration is constant, (a) de-
termine the force exerted on the electron and (b) com-
pare this force with the weight of the electron, which we
neglected.

12. A woman weighs 120 lb. Determine (a) her weight in
newtons and (b) her mass in kilograms.

13. If a man weighs 900 N on the Earth, what would he
weigh on Jupiter, where the acceleration due to gravity
is 25.9 m/s2?

14. The distinction between mass and weight was discov-
ered after Jean Richer transported pendulum clocks
from Paris to French Guiana in 1671. He found that
they ran slower there quite systematically. The effect was
reversed when the clocks returned to Paris. How much
weight would you personally lose in traveling from
Paris, where g # 9.809 5 m/s2, to Cayenne, where g #
9.780 8 m/s2? (We shall consider how the free-fall accel-
eration influences the period of a pendulum in Section
13.4.)

15. Two forces F1 and F2 act on a 5.00-kg mass. If F1 #
20.0 N and F2 # 15.0 N, find the accelerations in 
(a) and (b) of Figure P5.15.

ation of the 1 000-kg boat? (b) If it starts from rest, how
far will it move in 10.0 s? (c) What will be its speed at
the end of this time?

20. Three forces, given by F1 # (" 2.00i $ 2.00j) N, F2 #
(5.00i " 3.00j) N, and F3 # (" 45.0i) N, act on an ob-
ject to give it an acceleration of magnitude 3.75 m/s2.
(a) What is the direction of the acceleration? (b) What
is the mass of the object? (c) If the object is initially at
rest, what is its speed after 10.0 s? (d) What are the ve-
locity components of the object after 10.0 s?

21. A 15.0-lb block rests on the floor. (a) What force does
the floor exert on the block? (b) If a rope is tied to the
block and run vertically over a pulley, and the other end
is attached to a free-hanging 10.0-lb weight, what is the
force exerted by the floor on the 15.0-lb block? (c) If we
replace the 10.0-lb weight in part (b) with a 20.0-lb
weight, what is the force exerted by the floor on the
15.0-lb block?

Section 5.7 Some Applications of Newton’s Laws
22. A 3.00-kg mass is moving in a plane, with its x and y co-

ordinates given by x # 5t2 " 1 and y # 3t3 $ 2, where
x and y are in meters and t is in seconds. Find the mag-
nitude of the net force acting on this mass at t # 2.00 s.

23. 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. Draw a
free-body diagram of the bird. How much tension does
the bird produce in the wire? Ignore the weight of the
wire.

24. A bag of cement of weight 325 N hangs from three
wires as shown in Figure P5.24. Two of the wires make
angles %1 # 60.0° and %2 # 25.0° with the horizontal. If
the system is in equilibrium, find the tensions T1 , T2 ,
and T3 in the wires.

16. Besides its weight, a 2.80-kg object is subjected to one
other constant force. The object starts from rest and in
1.20 s experiences a displacement of (4.20 m)i "
(3.30 m)j, where the direction of j is the upward vertical
direction. Determine the other force.

17. You stand on the seat of a chair and then hop off. 
(a) During the time you are in flight down to the floor,
the Earth is lurching up toward you with an accelera-
tion of what order of magnitude? In your solution ex-
plain your logic. Visualize the Earth as a perfectly solid
object. (b) The Earth moves up through a distance of
what order of magnitude?

18. Forces of 10.0 N north, 20.0 N east, and 15.0 N south
are simultaneously applied to a 4.00-kg mass as it rests
on an air table. Obtain the object’s acceleration.

19. A boat moves through the water with two horizontal
forces acting on it. One is a 2000-N forward push
caused by the motor; the other is a constant 1800-N re-
sistive force caused by the water. (a) What is the acceler-

(a)

90.0°

F2

F1m

(b)

60.0°

F2

F1m

Figure P5.15

Figure P5.24 Problems 24 and 25.

1! 2!

T1 T2

T3

6. El hombre de la figura ?? tiene una masa de
82 kg; la plataforma y la polea sin fricción
unida a ella tienen una masa total de 19, 5 kg.
Desprecie el peso del cable. ¿Con qué fuerza
debe el hombre halar del cable con objeto de
elevarse a śı mismo y la plataforma a razón
de 0, 36 m/s2?
(1028 N)

7. Considere los tres objetos conectados que se
muestran en la figura. Si el plano inclinado no
tiene fricción, y el sistema está en equilibrio,
encuentre (en términos de m, g y θ):

a) La masa M . (M = 3m sin θ)

b) Las tensiones | ~T1| y | ~T2|.
(| ~T1| = 2mg sin θ y | ~T2| = 3mg sin θ)

c) Si el valor de M duplica al valor encon-
trado en la parte a) encuentre la acel-
eración de cada objeto y las tensiones
| ~T1| y | ~T2|.
(a = g( sin θ

1+2 sin θ );

| ~T1| = 4mg sin θ( 1+sin θ
1+2 sin θ );

| ~T2| = 6mg sin θ( 1+sin θ
1+2 sin θ ) )

1
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57. A high diver of mass 70.0 kg jumps off a board 10.0 m
above the water. If his downward motion is stopped 
2.00 s after he enters the water, what average upward
force did the water exert on him?

58. Consider the three connected objects shown in Figure
P5.58. If the inclined plane is frictionless and the 
system is in equilibrium, find (in terms of m, g, and !)
(a) the mass M and (b) the tensions T1 and T2 . If the
value of M is double the value found in part (a), find
(c) the acceleration of each object, and (d) the ten-
sions T1 and T2 . If the coefficient of static friction 
between m and 2m and the inclined plane is "s , and 

the system is in equilibrium, find (e) the minimum
value of M and (f) the maximum value of M. (g) Com-
pare the values of T2 when M has its minimum and
maximum values. 

59. A mass M is held in place by an applied force F and a
pulley system as shown in Figure P5.59. The pulleys are
massless and frictionless. Find (a) the tension in each
section of rope, T1 , T2 , T3 , T4 , and T5 and (b) the mag-
nitude of F. (Hint: Draw a free-body diagram for each
pulley.)

WEB

60. Two forces, given by F1 # ($ 6.00i $ 4.00j) N and F2 #
($ 3.00i % 7.00j) N, act on a particle of mass 2.00 kg that
is initially at rest at coordinates ($ 2.00 m, % 4.00 m). 
(a) What are the components of the particle’s velocity at
t # 10.0 s? (b) In what direction is the particle moving at
t # 10.0 s? (c) What displacement does the particle un-
dergo during the first 10.0 s? (d) What are the coordi-
nates of the particle at t # 10.0 s?

61. A crate of weight Fg is pushed by a force P on a horizon-
tal floor. (a) If the coefficient of static friction is "s and
P is directed at an angle ! below the horizontal, show
that the minimum value of P that will move the crate is
given by

(b) Find the minimum value of P that can produce mo-

P # "s Fg sec !(1 $ "s tan !)$1

Figure P5.55

Figure P5.56

m1 m2 m3F

Figure P5.58

Figure P5.59
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M

8. Existen dos fuerzas actuando en una caja de
2 Kg, pero la figura sólo muestra una fuerza
y la aceleración de la caja. Para | ~F1| = 20 N ,
|~a| = 12 m/s2, y θ = 30 ◦, encuentre:

a) Las componentes en x y y de la segunda
fuerza que actúa en la caja.

b) La magnitud de esa fuerza. (38,2 N)

c) Y el ángulo respecto a la dirección posi-
tiva del eje x. (213 ◦)

Chapter 5 I Force and Motion-l

Additional information available in The Flying Circus of Physics and at flyingcircusofphysics.com

@ Tutoring problem available (at instructor's discretion) in WileyPLUS and WebAssign

SSM Worked-out solution available in Student Solutions Manual

o - oot Number of dots indicates level of problem difficulty

WWW Worked-out solution is at

ILW lnteractive solution is at

shown in the overhead vlew

of Fig. 5-33. The tire remains

stationary in spite of the three

pulls. Alex pulls with force Fo

of magnitude 220 N and

Charles pulls with force F, of
magnitude 170 N. Note that
the direction of F, is not
given. What ir t!" magnitude

of Betty's force Fu?

*o9 A 2.0 kg particle moves

along an x axis, being pro-
pelled by a variable force di-

rected along that axis. Its posi-

tion is given by x - 3.0 m + (4.0 m/s)r t cP - (2.0 m/s3)r3,

with x in meters and / in seconds. The factor c is a constant. At
t : 3.0 s, the force on the particle has a magnitude of 36 N and

is in the negative direction of the axis. What is c?

cc10 A 0.150 kg particle moves along an x axis according

to x(t) - - 13.00 + 2.00t + 4.00P - 3.00/3, with x in meters and

/ in seconds. In unit-vector notation, what is the net for ce act-

ing on the particle at t - 3.40 s?

oe11 A 0.340 kg particle moves in an xy plane according

to x(t) - -15.00 + 2.00t - 4.00f and y(t):25.00 + 7.00t -
9.00P,with x and y in meters and / in seconds. At t - 0.700 s,

what are (a) the magnitude and (b) the angle (relative to the

positive direction of the x axis) of the net force on the particle,

and (c) what is the angle of the particle's direction of travel?

ott,ll Two horizontal forces

F1 and F2 act on a 4.0 kg disk

that slides over frictionless

ice, on which an xy coordinate

system is laid out. Force Fr it
in the positive direction of the

x axis and hurj magnitude of
7.0 N. Force F2 has a magni-

tude of 9.0 N. Figure 5-34

gives the x component vx of
the velocity of the disk as a

function of time / during the sliding.Wh{ is the angle between

the constant directions of forces fi and F2?

sec. 5-7 Some Particular Forces

"13 (a) An 11.0 kg salami is supported by a cord that runs to
a spring scale, which is supported by a cord hung from the ceil-

ing (Fig. 5-35a). What is the reading on the scale, which is

marked in weight units? (b) In Fig. 5-35b the salami is sup-

ported by a cord that runs around a pulley and to a scale. The

opposite end of the scale is attached by a cord to a wall. What
is the reading on the scale? (c) In Fig. 5-35c the wall has been

ses. 5*6 Newton's Second Law
r{ If the 1 kg standard body has an acceleration of 2.00 m/s2

at20.0" to the positive direction of an x axis, what are (a) the x

component and (b) the y component of the net force acting on

the body, and (c) what is the net force in unit-vector notation?

op TWo horizontal forces act on a 2.0 kgchopping block that

can slide over a frictionless kitchen counter, which lies in an xy

plane. One force ir F, - (3.0 N)i + (4.0 N)i. Find the acceler-

ation of the choppingtlock in unit-vector notation when the

other force is (a) 
- 
F, : (-1.0 N)i + (;4.0 N)i, (bI F, :

(-3.0 N)i + (4.0 N)i, and @) F, : (3.0 N)i + (-4.0 N)i.

r$ Only two horizontal forces act on a 3.0 kg body that can

move over a frictionless floor. One force is 9.0 N acting due

east, and the other is 8.0 N acting 62" north of west. What is

the magnitude of the body's acceleration?

A 2.00 kg object is subjected to three forces that give

acceleration d -- - (8.00 m/s2)i + (6.00 m/s2)i. If two of

the three forces are Fr : (30.0 N)i + (16.0 N)i and 4 -
-(I2.0 N)i + (8.00 N)i find the third force.

oo5 There are two forces on

the 2.00 kg box in the over-

head view of Fig. 5-31, but
only one is shown. For Ft:
20.0 N, o : I2.0 mls2,and g -
30.0", flnd the second force (a)

in unit-vector notation and as

(b) a magnitude and (c) an

angle relative to the positive

direction of the x axis. ssM

o.6 While two forces act on

rt, a particle is to move at the

constant velocity i - (3 m/s) i - (4 m/s)j. One of the forces

ir F, - (2N)i + (-6 N)i.What is the other force?

,17 Three astronauts, pro-
pelled by jet backpacks, push

and guide a I20 kg asteroid to-
ward a processing dock, exert-

ing the forces shown in Fig. 5-

32, wtth F'1 :32 N 4 - 55 N
Fz : 41- N, 0t : 30o, and 0z :
60". What is the asteroid's ac-

celeration (u) in unit-vector
notation and as (b) a magni-

tude and (c) a direction rela-

tive to the positive direction of
the x axis? fi
cog In a two-dimensional tug-of-war, Alex, Betty, and

Charles pull horizontally on an automobile tire at the angles

FlG. 5-31 Problem 5.

FlG. 5-32 ProblemT.

I (s)

c)

-4

FlG. 5-33 Problem 8.

v*(m/s)

FfG. 5-34 Problem12.

9. Dos masas están conectadas por una cuerda
ligera que pasa sobre una polea sin fricción,
como en la figura. Si el plano inclinado no
tiene fricción y si m1 = 2 kg, m2 = 6 kg y
θ = 55 ◦, encuentre:

a) Las aceleraciones de las masas.
(3, 57 m/s2)

b) La tensión en la cuerda. (26,7 N)

c) La rapidez de cada masa 2 seg de-
spués de que se sueltan desde el reposo.
(7, 14 m/s)
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the mass m and the length L. (b) Determine the accel-
eration of the cart when ! " 23.0°.

31. Two people pull as hard as they can on ropes attached
to a boat that has a mass of 200 kg. If they pull in the
same direction, the boat has an acceleration of 
1.52 m/s2 to the right. If they pull in opposite direc-
tions, the boat has an acceleration of 0.518 m/s2 to the
left. What is the force exerted by each person on the
boat? (Disregard any other forces on the boat.)

32. Draw a free-body diagram for a block that slides down a
frictionless plane having an inclination of ! " 15.0°
(Fig. P5.32). If the block starts from rest at the top and
the length of the incline is 2.00 m, find (a) the accelera-
tion of the block and (b) its speed when it reaches the
bottom of the incline.

36. Two masses of 3.00 kg and 5.00 kg are connected by a
light string that passes over a frictionless pulley, as was
shown in Figure 5.15a. Determine (a) the tension in the
string, (b) the acceleration of each mass, and (c) the
distance each mass will move in the first second of mo-
tion if they start from rest.

37. In the system shown in Figure P5.37, a horizontal force
Fx acts on the 8.00-kg mass. The horizontal surface is
frictionless.(a) For what values of Fx does the 2.00-kg
mass accelerate upward? (b) For what values of Fx is the
tension in the cord zero? (c) Plot the acceleration of
the 8.00-kg mass versus Fx . Include values of Fx from
# 100 N to $ 100 N.

WEB

38. Mass m1 on a frictionless horizontal table is connected
to mass m2 by means of a very light pulley P1 and a light
fixed pulley P2 as shown in Figure P5.38. (a) If a1 and a2

35. Two masses m1 and m2 situated on a frictionless, hori-
zontal surface are connected by a light string. A force F
is exerted on one of the masses to the right (Fig.
P5.35). Determine the acceleration of the system and
the tension T in the string.

33. A block is given an initial velocity of 5.00 m/s up a fric-
tionless 20.0° incline. How far up the incline does the
block slide before coming to rest?

34. Two masses are connected by a light string that passes
over a frictionless pulley, as in Figure P5.34. If the in-
cline is frictionless and if m1 " 2.00 kg, m2 " 6.00 kg,
and ! " 55.0°, find (a) the accelerations of the masses,
(b) the tension in the string, and (c) the speed of each
mass 2.00 s after being released from rest. 

Figure P5.32

Figure P5.34

Figure P5.35 Problems 35 and 51.

!

m2
m1

!

Fm2
T

m1

Figure P5.37

Figure P5.38

8.00
kg

2.00
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Fx

ax

m2

P2
P1

m1

10. La figura muestra cuatro pingüinos que están
siendo arrastrados a lo largo de un hielo muy
resbaladizo (sin fricción). Las masas de tres de
los pingüinos y la tensión de dos de las cuerdas
son m1 = 12 kg, m3 = 15 kg, m4 = 20 kg,
| ~T2| = 111 N y | ~T4| = 222 N . Encuentre la
masa m2 que no está dada. (22,68 kg)

ss41 An elevator cab that weighs 27.8 kN moves upward.

What is the tension in the cable if the cab's speed is

(a) increasing at arate of 1 .22 mlsz and (b) decreasing at arate

of 1 .22 mlsz?

**42 A lamp hangs vertically from a cord in a descending

elevator that decelerates at 2.4 m/s2. (a) If the tension in the

cord is 89 N what is the lamp's mass? (b) What is the cord's

tension when the elevator ascends with an upward accelera-

tion of 2.4 mlsz?

u*4S Using a rope that will snap if the tension in it exceeds

387 N, you need to lower a bundle of old rooflng material

weighing 449 N from a point 6"1 m above the ground.

(a) What magnitude of the bundle's acceleration will put the

rope on the verge of snapping? (b) At that acceleration, with
what speed would the bundle hit the ground?

es44 An elevator cab is pulled upward by a cable. The cab

and its single occupant have a combined mass of 2000 kg.

When that occupant drops a coin, its acceleration relative to
the cab is 8.00 mls2 downward.

What is the tension in the cable?

*o4S In Fig. 5-44., a chain consist-

ing of five links, each of mass 0.100

kg, is lifted vertically with constant

acceleration of magnitude a - 2.50

mlsz.Find the magnitudes of (a) the

force on link 1 from link 2, (b) the

force on link 2 from link 3, (c) the

force on link 3 from link 4, and (d)

the force on link 4 from link 5. Then

find the magnitudes of (e) the force

F on the top link from the person

lifting the chain and (f) the net force

accelerating each link. ssM

o *46 In Fig. 5-45, elevator cabs A
and B are connected by a short ca-

ble and can be pulled upward or
lowered by the cable above cab A.
Cab A has mass 1700 kg; cab B has

mass 1300 kg. A I2.0 kg box of cat-

nip lies on the floor of cab A. The
tension in the cable connecting the

cabs is I.9I x 104 N. What is the

magnitude of the normal force on

the box from the floor?

es47 In Fig. 5-46, a block of mass 5.00 kg is pulled
cord that exerts

angle 0:25.0".
along a horizontal frictionless floor by a

a force of magnitude F - 12.0 N at an

(a) What is the magnitude of the

block's acceleration? (b) The

force magnitude F is slowly in-
creased. What is its value just

before the block is lifted (com-

pletely) off the floor? (c) What
is the magnitude of the block's

acceleration just before it is

lifted (completely) off the

floor?

**4S In earlier days, horses pulled barges down canals in the
manner shown in Fig. 5-47. Suppose the horse pulls on

Ffim. 5-46 Problems 47

and 62.

9

1

Ff;ffi" S-44

B

lem 46.

Froblems

the rope with a force of 7900 N at an angle of 0 : 18" to the

direction of motion of the barge, which is headed straight

along the positive direction of an x axis. The mass of the barge

is 9500 kg, and the magnitude of its acceleration is 0.1-2 m/s2.

What are the (a) magnitude and (b) direction (rel e to posi-

tive x) of the force on the barge from the water?

Ff;ffi. $-47 Problem 48.

s s'49 The Zacchrni family was renowned for their human-

cannonball act in which a family member was shot from a

cannon using either elastic bands or compressed air. In one

version of the act, Emanuel Zacchrni was shot over three

Ferris wheels to land in a net at the same height as the open

end of the cannon and at a range of 69 m. He was propelled in-

side the barrel for 5.2 m and launched at an angle of 53'. If his

mass was 85 kg and he underwent constant acceleration inside

the barrel, what was the magnitude of the force propelling

him? (Hint: Tieat the launch as though it were along a ramp at

53". Neglect atr drag.)

o*S0 Figure 5-48 shows four penguins that are being play-

fully pulled along very slippery (frictionless) ice by a curator.

The masses of three penguins and the tension in two of the

cords are tnr : 12 kg, trl3 : 15 kg, /n4 : 20 kg, Tz : 111 N,

and T+ : 222 N. Find the penguin mass m2that is not given.

FEffi. S-4ffi Problem 50.

esst In Fig. 5-49, three connected blocks are pulled to
the right on a horizontal frictionless table by a force of
magnitude Tz : 65.0 N. If tnr : 12.0 kg, tn2 : 24.0 kg, and

trl3 :31-.0 kg, calculate (u) the magnitude of the system's

acceleration, (b) the tension Ty and (c) the tension 22.

Ff;m. S-4W Problem 51.

essg In Fig. 5-50a,a constant hortzontalforce Fors applied to

block ,4, which pushes against block B with a 20.0 N force di-

rected horizontally to the right. In Fig. 5-50b,the sameforceFo
is applied to block B; now block ,4 pushes on block B with a

Fnm, S-S# Problem52.

11. Un bloque de 25 kg está inicialmente en re-
poso sobre una superficie horizontal. Se nece-
sita una fuerza horizontal de 75 N para poner
el bloque en movimiento. Después de que em-
pieza a moverse se necesita una fuerza de 60N
para mantener el bloque en movimiento con
rapidez constante. Determine los coeficientes
de fricción estática y cinética a partir de esta
información. (µs = 0, 306; µk = 0, 245)

12. Una mujer en el aeropuerto hala su maleta
de 20 kg a una rapidez constante y su correa
forma un ángulo θ respecto de la horizontal.
Ella hala la correa con una fuerza de 35 N y
la fuerza de fricción sobre la maleta es 20 N .
¿Qué ángulo forma la correa con la horizon-
tal? ¿Qué fuerza normal ejerce el piso sobre
la maleta? (55 ◦ y 167,26 N)
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are the accelerations of m1 and m2 , respectively, what is
the relationship between these accelerations? Express
(b) the tensions in the strings and (c) the accelerations
a1 and a2 in terms of the masses m1 and m2 and g.

39. A 72.0-kg man stands on a spring scale in an elevator.
Starting from rest, the elevator ascends, attaining its
maximum speed of 1.20 m/s in 0.800 s. It travels with
this constant speed for the next 5.00 s. The elevator
then undergoes a uniform acceleration in the negative
y direction for 1.50 s and comes to rest. What does the
spring scale register (a) before the elevator starts to
move? (b) during the first 0.800 s? (c) while the eleva-
tor is traveling at constant speed? (d) during the time it
is slowing down?

Section 5.8 Forces of Friction
40. The coefficient of static friction is 0.800 between the

soles of a sprinter’s running shoes and the level track
surface on which she is running. Determine the maxi-
mum acceleration she can achieve. Do you need to
know that her mass is 60.0 kg?

41. A 25.0-kg block is initially at rest on a horizontal sur-
face. A horizontal force of 75.0 N is required to set the
block in motion. After it is in motion, a horizontal force
of 60.0 N is required to keep the block moving with
constant speed. Find the coefficients of static and ki-
netic friction from this information.

42. A racing car accelerates uniformly from 0 to 80.0 mi/h
in 8.00 s. The external force that accelerates the car is
the frictional force between the tires and the road. If
the tires do not slip, determine the minimum coeffi-
cient of friction between the tires and the road.

43. A car is traveling at 50.0 mi/h on a horizontal highway.
(a) If the coefficient of friction between road and tires
on a rainy day is 0.100, what is the minimum distance in
which the car will stop? (b) What is the stopping dis-
tance when the surface is dry and !s " 0.600?

44. A woman at an airport is towing her 20.0-kg suitcase at
constant speed by pulling on a strap at an angle of #
above the horizontal (Fig. P5.44). She pulls on the strap
with a 35.0-N force, and the frictional force on the suit-
case is 20.0 N. Draw a free-body diagram for the suit-
case. (a) What angle does the strap make with the hori-
zontal? (b) What normal force does the ground exert
on the suitcase?

45. A 3.00-kg block starts from rest at the top of a 30.0° in-
cline and slides a distance of 2.00 m down the incline in
1.50 s. Find (a) the magnitude of the acceleration of
the block, (b) the coefficient of kinetic friction between
block and plane, (c) the frictional force acting on the
block, and (d) the speed of the block after it has slid
2.00 m.

46. To determine the coefficients of friction between rub-
ber and various surfaces, a student uses a rubber eraser
and an incline. In one experiment the eraser begins to
slip down the incline when the angle of inclination is

36.0° and then moves down the incline with constant
speed when the angle is reduced to 30.0°. From these
data, determine the coefficients of static and kinetic
friction for this experiment.

47. A boy drags his 60.0-N sled at constant speed up a 15.0°
hill. He does so by pulling with a 25.0-N force on a rope
attached to the sled. If the rope is inclined at 35.0° to
the horizontal, (a) what is the coefficient of kinetic fric-
tion between sled and snow? (b) At the top of the hill,
he jumps on the sled and slides down the hill. What is
the magnitude of his acceleration down the slope?

48. Determine the stopping distance for a skier moving
down a slope with friction with an initial speed of 
20.0 m/s (Fig. P5.48). Assume !k " 0.180 and # " 5.00°.

49. A 9.00-kg hanging weight is connected by a string over a
pulley to a 5.00-kg block that is sliding on a flat table
(Fig. P5.49). If the coefficient of kinetic friction is
0.200, find the tension in the string.

50. Three blocks are connected on a table as shown in Fig-
ure P5.50. The table is rough and has a coefficient of ki-

Figure P5.44

Figure P5.48

!

f

n

mg

x

!
WEB

13. Un bloque de 3 kg es empujado contra una
pared por una fuerza ~P que forma un ángu-
lo de 50 ◦ con la horizontal. El coeficiente de
fricción estática entre el bloque y la pared es
0, 25. Determine los posibles valores para la
magnitud de ~P que permitiŕıan que el bloque
permaneciera estacionario. (31,7 N y 48,6 N)
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ADDITIONAL PROBLEMS
54. A time-dependent force F ! (8.00i " 4.00t j) N (where

t is in seconds) is applied to a 2.00-kg object initially at
rest. (a) At what time will the object be moving with a
speed of 15.0 m/s? (b) How far is the object from its
initial position when its speed is 15.0 m/s? (c) What is
the object’s displacement at the time calculated in (a)?

55. An inventive child named Pat wants to reach an apple
in a tree without climbing the tree. Sitting in a chair
connected to a rope that passes over a frictionless pulley
(Fig. P5.55), Pat pulls on the loose end of the rope with
such a force that the spring scale reads 250 N. Pat’s
weight is 320 N, and the chair weighs 160 N. (a) Draw
free-body diagrams for Pat and the chair considered as
separate systems, and draw another diagram for Pat and
the chair considered as one system. (b) Show that the
acceleration of the system is upward and find its magni-
tude. (c) Find the force Pat exerts on the chair.

56. Three blocks are in contact with each other on a fric-
tionless, horizontal surface, as in Figure P5.56. A hori-
zontal force F is applied to m1 . If m1 ! 2.00 kg, m2 !
3.00 kg, m3 ! 4.00 kg, and F ! 18.0 N, draw a separate
free-body diagram for each block and find (a) the accel-
eration of the blocks, (b) the resultant force on each
block, and (c) the magnitudes of the contact forces be-
tween the blocks.

Figure P5.49

Figure P5.50

Figure P5.52

Figure P5.53

5.00 kg

9.00 kg

1.00 kg

2.00 kg4.00 kg

M

T

x

P

50.0°

netic friction of 0.350. The three masses are 4.00 kg,
1.00 kg, and 2.00 kg, and the pulleys are frictionless.
Draw a free-body diagram for each block. (a) Deter-
mine the magnitude and direction of the acceleration
of each block. (b) Determine the tensions in the two
cords.

51. Two blocks connected by a rope of negligible mass are
being dragged by a horizontal force F (see Fig. P5.35).
Suppose that F ! 68.0 N, m1 ! 12.0 kg, m2 ! 18.0 kg,
and the coefficient of kinetic friction between each
block and the surface is 0.100. (a) Draw a free-body dia-
gram for each block. (b) Determine the tension T and
the magnitude of the acceleration of the system.

52. A block of mass 2.20 kg is accelerated across a rough
surface by a rope passing over a pulley, as shown in Fig-
ure P5.52. The tension in the rope is 10.0 N, and the
pulley is 10.0 cm above the top of the block. The coeffi-
cient of kinetic friction is 0.400. (a) Determine the ac-
celeration of the block when x ! 0.400 m. (b) Find the
value of x at which the acceleration becomes zero.

53. A block of mass 3.00 kg is pushed up against a wall by a
force P that makes a 50.0° angle with the horizontal as
shown in Figure P5.53. The coefficient of static friction
between the block and the wall is 0.250. Determine the
possible values for the magnitude of P that allow the
block to remain stationary.

2



14. Un bloque que cuelga, de 9 kg, se conecta
por medio de una cuerda que pasa por una
polea sin fricción a un bloque de 5 kg que se
desliza sobre una mesa plana. Si el coeficiente
de fricción cinética es 0, 2 encuentre la tensión
de la cuerda. (37,8 N)

Chapter 5 Solutions 21
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So along the plane we have mg sin ! – µk mg cos ! = ma

a = g(sin ! – µk cos !) = (9.80 m/s2)(sin 15.0° – 0.161 cos 15.0°)

= 1.01 m/s2  

*5.48 mg sin 5.00° – f = max     and     f = µmg cos 5.00°

" g sin 5.00° – µg cos 5.00° = ax

ax = g(sin 5.00° – µ cos 5.00°) = – 0.903 m/s2

From Equation 2.12,

v
2
f   – v

2
i   = 2ax

–(20.0)2 = –2(0.903)x

x = 221 m  

f

n

mg

x

!

5.49 T – ff = 5.00a  (for 5.00 kg mass)

9.00g – T = 9.00a     (for 9.00 kg mass)

Adding these two equations gives:

9.00(9.80) – 0.200(5.00)(9.80) = 14.0a

a = 5.60 m/s2

" T = 5.00(5.60) + 0.200(5.00)(9.80) = 37.8 N  

5.00 kg5.00 kg5.00 kg

9.00 kg9.00 kg9.00 kg

15. Un bloque de 5 kg se coloca sobre un bloque
de 10 kg. Una fuerza horizontal de 45 N se
aplica al bloque de 10 kg, y el bloque de 5 kg
se amarra a la pared. El coeficiente de fricción
cinética entre todas las superficies es 0, 2. De-
termine la tensión en la cuerda y la magnitud
de la aceleración del bloque de 10 kg.
(9,8 N y 0, 58 m/s2)
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acceleration of 3.00 m/s2. (c) Find the minimum coeffi-
cient of static friction between the blocks such that the
2.00-kg block does not slip under an acceleration of
3.00 m/s2.

68. A 5.00-kg block is placed on top of a 10.0-kg block (Fig.
P5.68). A horizontal force of 45.0 N is applied to the
10.0-kg block, and the 5.00-kg block is tied to the wall.
The coefficient of kinetic friction between all surfaces is
0.200. (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 the magni-
tude of the acceleration of the 10.0-kg block.

70. Initially the system of masses shown in Figure P5.69 is
held motionless. All surfaces, pulley, and wheels are fric-
tionless. Let the force F be zero and assume that m2 can
move only vertically. At the instant after the system of
masses is released, find (a) the tension T in the string,
(b) the acceleration of m2 , (c) the acceleration of M,
and (d) the acceleration of m1 . (Note: The pulley accel-
erates along with the cart.)

71. A block of mass 5.00 kg sits on top of a second block of
mass 15.0 kg, which in turn sits on a horizontal table.
The coefficients of friction between the two blocks are
!s " 0.300 and !k " 0.100. The coefficients of friction
between the lower block and the rough table are !s "
0.500 and !k " 0.400. You apply a constant horizontal
force to the lower block, just large enough to make this
block start sliding out from between the upper block
and the table. (a) Draw a free-body diagram of each
block, naming the forces acting on each. (b) Determine
the magnitude of each force on each block at the in-
stant when you have started pushing but motion has not
yet started. (c) Determine the acceleration you measure
for each block.

72. Two blocks of mass 3.50 kg and 8.00 kg are connected
by a string of negligible mass that passes over a friction-
less pulley (Fig. P5.72). The inclines are frictionless.
Find (a) the magnitude of the acceleration of each
block and (b) the tension in the string.

73. The system shown in Figure P5.72 has an acceleration
of magnitude 1.50 m/s2. Assume the coefficients of ki-
netic friction between block and incline are the same
for both inclines. Find (a) the coefficient of kinetic fric-
tion and (b) the tension in the string.

74. In Figure P5.74, a 500-kg horse pulls a sledge of mass
100 kg. The system (horse plus sledge) has a forward
acceleration of 1.00 m/s2 when the frictional force ex-
erted on the sledge is 500 N. Find (a) the tension in the
connecting rope and (b) the magnitude and direction
of the force of friction exerted on the horse. (c) Verify
that the total forces of friction the ground exerts on the
system will give the system an acceleration of 1.00 m/s2.

75. A van accelerates down a hill (Fig. P5.75), going from
rest to 30.0 m/s in 6.00 s. During the acceleration, a toy
(m " 0.100 kg) hangs by a string from the van’s ceiling.
The acceleration is such that the string remains perpen-
dicular to the ceiling. Determine (a) the angle # and
(b) the tension in the string.

69. What horizontal force must be applied to the cart
shown in Figure P5.69 so that the blocks remain station-
ary relative to the cart? Assume all surfaces, wheels, and
pulley are frictionless. (Hint: Note that the force ex-
erted by the string accelerates m1 .)

Figure P5.67

Figure P5.68

Figure P5.69 Problems 69 and 70.

Figure P5.72 Problems 72 and 73.

5.00 kg
F

2.00
kg

5.00 kg

10.0 kg F = 45.0 N

m1

m2
F M

3.50 kg 8.00 kg

35.0° 35.0°

16. El bloque m1 de la figura tiene una masa de
4, 2 kg y el bloque m2 tiene una masa de
2, 3 kg. El coeficiente de fricción cinética en-
tre m2 y el plano horizontal es de µk = 0, 47.
El plano inclinado carece de fricción. Halle la
aceleración de los bloques y la tensión de la
cuerda. (1, 25 m/s2 y 13,5 N)

17. Una persona pesa un pescado de masa m
en una balanza de resorte unida al techo de
un elevador, como se muestra en la figura.
Muestre que si el elevador acelera en cualquier
dirección, hacia arriba o hacia abajo, la bal-
anza produce una lectura diferente del peso
del pescado. Por esto, halle la tensión T con-
siderando que el peso del pescado con el ele-
vador en reposo es 40 N , tanto para el ca-
so en que ay = 2 m/s2 y el caso en que
ay = −2 m/s2.
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Figure 5.14 Apparent weight versus true weight. (a) When the elevator accelerates upward, the
spring scale reads a value greater than the weight of the fish. (b) When the elevator accelerates down-
ward, the spring scale reads a value less than the weight of the fish.

m g

a

T

a

m g

T

(b)(a)

Observer in
inertial frame

Weighing a Fish in an ElevatorEXAMPLE 5.8
If the elevator moves upward with an acceleration a rela-

tive to an observer standing outside the elevator in an inertial
frame (see Fig. 5.14a), Newton’s second law applied to the
fish gives the net force on the fish:

(1)

where we have chosen upward as the positive direction. Thus,
we conclude from (1) that the scale reading T is greater than 
the weight mg if a is upward, so that ay is positive, and that 
the reading is less than mg if a is downward, so that ay is
negative.

For example, if the weight of the fish is 40.0 N and a is up-
ward, so that ay ! "2.00 m/s2, the scale reading from (1) is

#Fy ! T $ mg ! may

A person weighs a fish of mass m on a spring scale attached to
the ceiling of an elevator, as illustrated in Figure 5.14. Show
that if the elevator accelerates either upward or downward,
the spring scale gives a reading that is different from the
weight of the fish.

Solution The external forces acting on the fish are the
downward force of gravity Fg ! mg and the force T exerted
by the scale. By Newton’s third law, the tension T is also the
reading of the scale. If the elevator is either at rest or moving
at constant velocity, the fish is not accelerating, and so

or (remember that the scalar mg
is the weight of the fish).

T ! mg#Fy ! T $ mg ! 0

Substituting into (4) the value of ax from (1), we obtain

This agrees with (3), as it must.

P ! F $ m1ax ! F $
m1F

m1 " m 2
! ! m 2

m1 " m 2
"F

Exercise If m1 ! 4.00 kg, m2 ! 3.00 kg, and F ! 9.00 N,
find the magnitude of the acceleration of the system and the
magnitude of the contact force.

Answer ax ! 1.29 m/s2; P ! 3.86 N.

18. Un pasajero de 72 kg de masa está viajan-
do en un elevador mientras permanece de pie
sobre una báscula de plataforma.

a) ¿Qué indica la báscula (expresado en
Newtons) cuando la cabina del elevador
desciende a velocidad constante?

b) ¿Qué indica la báscula (expresado en
Newtons) cuando la cabina del ele-
vador asciende con una aceleración de
3, 20 m/s2?

e$tapter S I Force and Motion-l

In Fig. 5-19a, a passenger of mass m : 72.2 kg stands on

a platform scale in an elevator cab. We are concerned
with the scale readings when the cab is stationary and

when it is moving up or down.

(u) Find a general solution for the scale reading, what-
ever the vertical motion of the cab.

(1) q" reading is equal to the magnitude of
the normal force F1u. on the passenger from the scale. The

only other force acting on the passenger is the gravita-

tional force 4,ur shown in the free-body diagram of Fig. 5-

I9b. (2) We can relate the forces on the passeng.er to his ac-

celeration d by using Newton's second law (Fr,., : mA).
However,tecall that we can use this law only in an inertial
frame. If the cab accelerates, then it is not an inertial frame.

So we choose the ground to be our inertial frame and make

any measure of the passenger's acceleration relative to it.

ffafes*$affCIms; Because the two forces on the passen get

and his acceleration are all directed vertically, along the
y axis in Fig. 5-I9b, we can use Newton's second law

written for y components (Fn"r,, : ffiay) to get

FN - Fr: ma

Fx: Fr t ma. (s-27)

This tells us that
depends on the

for Frgives us

the scale reading, which is equal to Fy,

vertical acceleration. Substituting mg

Fr,r: m(S + a) (Answer) (5-2S)

For any constant velocity (zero or other-
wise), the acceleration a ofthe passenger is zero.

Cafeadfaf$ss?; Substituting this and other known values

into Eq. 5-2\,we flnd

Fx : Q2.2 kg)(9.8 mlsz + 0) : 708 N.

(Answer)

This is the weight of the passenger and is equal to the

magnitude Frofthe gravitational force on him.

(.) What does the scale read if the cab accelerates

upward at 3.20 mlsz and downward at3.20 mlsz?

fsedfaf$ss?s; For a - 3.20 mls2,Eq. 5-28 gives

Fx: Q2.2 kg)(9.8 m/s2 + 3.20 mlsz)

: 939 N, (Answer)

and for a - -3.20 mlsz,it gives

Fw: Q2.2 kg)(9.8 mlsz - 3.20 mlsz)

: 477 N. (Answer)

For an upward acceleration (either the cab's upward
speed is increasing or its downward speed is decreas-

itrg), the scale reading is greater than the passenger's

weight. That reading is a measurement of an apparent
weight, because it is made in a noninertial frame. For
a downward acceleration (either decreasing upward
speed or increasing downward speed), the scale reading
is less than the passenger's weight.

(d) During the upward acceleration in part (.), what is

the magnitude Fn"t of the net force on the passen ger,

and what is the magnitude ap,cab of his acceleration as

measured in the frame of the cab? Does Fn ,

fcerfatf#s?r The magnitude Fs of the gravttational
force on the passenger does not depend on the motion
of the passenger or the cab; so, from part (b), 4 ir 708 N.

From part (r), the magnitude Fou' of the normal force on the

passenger during the upward acceleration is the 939 N
reading on the scale. Thus, the net force on the passenger is

trr net - FN - Fs: 939N - 708 N - 231 N,

(Answer)

during the upward acceleration. Flowever, his accelera-

tion ap,cab relative to the frame of the cab is zero. Thus, in
the noninertial frame of the accelerating cab, Fn"t is not
equal to mar,.u5, ?fld Newton's second law does not hold.

for any choice of acceleration a.

(b) What does the scale read if the cab is stationary or
moving upward at a constant 0.50 m/s?

F$ffi" S-1S (o) Apas-
senger stands on a plat-
form scale that indi-
cates either his weight

or his apparent weight.
(b) The free-body dia-

gram for the passen Eat,
showing the normal
force F,,,r on him from
the scale and the gravi-

tational force {.

--->

F,
5

(b)

In Fig. 5-20a,

tude 20 N is
horizontal force Fuoo

block A of mass wla

a constant

applied to
of magni-

- 4.0 kg,
which pushes against block B of mass trLB :6.0 kg. The

blocks slide over a frictionless surface, along an x axis.
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19. Una bolsa de cemento de 325 N de peso cuel-
ga de tres alambres como muestra la figura.
Dos de los alambres forman ángulos θ1 = 60◦

y θ2 = 25◦ con la horizontal. Si el sistema
está en equilibrio encuentre las tensiones | ~T1|,
| ~T2| y | ~T3| en los alambres. (325 N; 296 N; 163
N)

Problems 141

11. An electron of mass 9.11 ! 10"31 kg has an initial speed
of 3.00 ! 105 m/s. It travels in a straight line, and its
speed increases to 7.00 ! 105 m/s in a distance of 
5.00 cm. Assuming its acceleration is constant, (a) de-
termine the force exerted on the electron and (b) com-
pare this force with the weight of the electron, which we
neglected.

12. A woman weighs 120 lb. Determine (a) her weight in
newtons and (b) her mass in kilograms.

13. If a man weighs 900 N on the Earth, what would he
weigh on Jupiter, where the acceleration due to gravity
is 25.9 m/s2?

14. The distinction between mass and weight was discov-
ered after Jean Richer transported pendulum clocks
from Paris to French Guiana in 1671. He found that
they ran slower there quite systematically. The effect was
reversed when the clocks returned to Paris. How much
weight would you personally lose in traveling from
Paris, where g # 9.809 5 m/s2, to Cayenne, where g #
9.780 8 m/s2? (We shall consider how the free-fall accel-
eration influences the period of a pendulum in Section
13.4.)

15. Two forces F1 and F2 act on a 5.00-kg mass. If F1 #
20.0 N and F2 # 15.0 N, find the accelerations in 
(a) and (b) of Figure P5.15.

ation of the 1 000-kg boat? (b) If it starts from rest, how
far will it move in 10.0 s? (c) What will be its speed at
the end of this time?

20. Three forces, given by F1 # (" 2.00i $ 2.00j) N, F2 #
(5.00i " 3.00j) N, and F3 # (" 45.0i) N, act on an ob-
ject to give it an acceleration of magnitude 3.75 m/s2.
(a) What is the direction of the acceleration? (b) What
is the mass of the object? (c) If the object is initially at
rest, what is its speed after 10.0 s? (d) What are the ve-
locity components of the object after 10.0 s?

21. A 15.0-lb block rests on the floor. (a) What force does
the floor exert on the block? (b) If a rope is tied to the
block and run vertically over a pulley, and the other end
is attached to a free-hanging 10.0-lb weight, what is the
force exerted by the floor on the 15.0-lb block? (c) If we
replace the 10.0-lb weight in part (b) with a 20.0-lb
weight, what is the force exerted by the floor on the
15.0-lb block?

Section 5.7 Some Applications of Newton’s Laws
22. A 3.00-kg mass is moving in a plane, with its x and y co-

ordinates given by x # 5t2 " 1 and y # 3t3 $ 2, where
x and y are in meters and t is in seconds. Find the mag-
nitude of the net force acting on this mass at t # 2.00 s.

23. 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. Draw a
free-body diagram of the bird. How much tension does
the bird produce in the wire? Ignore the weight of the
wire.

24. A bag of cement of weight 325 N hangs from three
wires as shown in Figure P5.24. Two of the wires make
angles %1 # 60.0° and %2 # 25.0° with the horizontal. If
the system is in equilibrium, find the tensions T1 , T2 ,
and T3 in the wires.

16. Besides its weight, a 2.80-kg object is subjected to one
other constant force. The object starts from rest and in
1.20 s experiences a displacement of (4.20 m)i "
(3.30 m)j, where the direction of j is the upward vertical
direction. Determine the other force.

17. You stand on the seat of a chair and then hop off. 
(a) During the time you are in flight down to the floor,
the Earth is lurching up toward you with an accelera-
tion of what order of magnitude? In your solution ex-
plain your logic. Visualize the Earth as a perfectly solid
object. (b) The Earth moves up through a distance of
what order of magnitude?

18. Forces of 10.0 N north, 20.0 N east, and 15.0 N south
are simultaneously applied to a 4.00-kg mass as it rests
on an air table. Obtain the object’s acceleration.

19. A boat moves through the water with two horizontal
forces acting on it. One is a 2000-N forward push
caused by the motor; the other is a constant 1800-N re-
sistive force caused by the water. (a) What is the acceler-

(a)

90.0°

F2

F1m

(b)

60.0°

F2

F1m

Figure P5.15

Figure P5.24 Problems 24 and 25.

1! 2!

T1 T2

T3

20. En la figura se muestran tres bloques conecta-
dos sobre una mesa. La mesa es rugosa y tiene
un coeficiente de fricción cinética de 0, 35. Las
tres masas son M1 = 4 kg, m2 = 1 kg y
m3 = 2 kg. Las poleas no tienen fricción y las
cuerdas son ideales. Determine la magnitud
y dirección de la aceleración de cada bloque.
Determine las tensiones en las dos cuerdas.
(2, 31 m/s2; 30 N; 24,2 N)
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with constant velocity and the force exerted by the ground
on the crutches acts along the crutches, determine (a) the
smallest possible coefficient of friction between crutches
and ground and (b) the magnitude of the compression
force in each crutch.

36. A 25.0-kg block is initially at rest on a horizontal surface. A
horizontal force of 75.0 N is required to set the block in
motion. After it is in motion, a horizontal force of 60.0 N is
required to keep the block moving with constant speed.
Find the coefficients of static and kinetic friction from this
information.

37. A car is traveling at 50.0 mi/h on a horizontal highway.
(a) If the coefficient of static friction between road and
tires on a rainy day is 0.100, what is the minimum distance
in which the car will stop? (b) What is the stopping dis-
tance when the surface is dry and !s " 0.600?

38. Before 1960 it was believed that the maximum attainable
coefficient of static friction for an automobile tire was less
than 1. Then, about 1962, three companies independently
developed racing tires with coefficients of 1.6. Since then,
tires have improved, as illustrated in this problem. Accord-
ing to the 1990 Guinness Book of Records, the shortest
time in which a piston-engine car initially at rest has cov-
ered a distance of one-quarter mile is 4.96 s. This record
was set by Shirley Muldowney in September 1989. (a) As-
sume that, as in Figure P5.38, the rear wheels lifted the
front wheels off the pavement. What minimum value of !s
is necessary to achieve the record time? (b) Suppose Mul-
downey were able to double her engine power, keeping
other things equal. How would this change affect the
elapsed time?

39. To meet a U.S. Postal Service requirement, footwear must
have a coefficient of static friction of 0.5 or more on a speci-
fied tile surface. A typical athletic shoe has a coefficient of
0.800. In an emergency, what is the minimum time interval
in which a person starting from rest can move 
3.00 m on a tile surface if she is wearing (a) footwear meet-
ing the Postal Service minimum? (b) a typical athletic shoe?

40. A woman at an airport is towing her 20.0-kg suitcase at
constant speed by pulling on a strap at an angle # above
the horizontal (Fig. P5.40). She pulls on the strap with a
35.0-N force, and the friction force on the suitcase is
20.0 N. Draw a free-body diagram of the suitcase. 
(a) What angle does the strap make with the horizontal?
(b) What normal force does the ground exert on the
suitcase?

A 3.00-kg block starts from rest at the top of a 30.0°
incline and slides a distance of 2.00 m down the incline in
1.50 s. Find (a) the magnitude of the acceleration of the
block, (b) the coefficient of kinetic friction between block
and plane, (c) the friction force acting on the block, and
(d) the speed of the block after it has slid 2.00 m.

42. A Chevrolet Corvette convertible can brake to a stop from
a speed of 60.0 mi/h in a distance of 123 ft on a level road-
way. What is its stopping distance on a roadway sloping
downward at an angle of 10.0°?

43. A 9.00-kg hanging weight is connected by a string over a
pulley to a 5.00-kg block that is sliding on a flat table (Fig.
P5.24). If the coefficient of kinetic friction is 0.200, find
the tension in the string.

44. Three objects are connected on the table as shown in
Figure P5.44. The table is rough and has a coefficient of
kinetic friction of 0.350. The objects have masses of
4.00 kg, 1.00 kg, and 2.00 kg, as shown, and the pulleys
are frictionless. Draw free-body diagrams of each of the
objects. (a) Determine the acceleration of each object
and their directions. (b) Determine the tensions in the
two cords.

41.
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Two blocks connected by a rope of negligible mass are be-
ing dragged by a horizontal force F (Fig. P5.45). Suppose
that F " 68.0 N, m1 " 12.0 kg, m2 " 18.0 kg, and the coef-
ficient of kinetic friction between each block and the sur-
face is 0.100. (a) Draw a free-body diagram for each block.

45.21. Un objeto de masa m1 sobre una mesa hori-
zonatal sin fricción está unido a un objeto
de masa m2 por medio de una polea P1 y
una polea P2, ambas de masa despreciable.
¿Cuál es la relación entre las aceleraciones del
bloque m1 y m2? Exprese las tensiones de las
cuerdas y las aceleraciones de cada bloque en
términos de las masas y de g.

(| ~a1| = 2| ~a2|;
| ~T1| = g( m1m2

2m1+
m2
2

); | ~T2| = g( m1m2

m1+
m2
4

);

| ~a1| = gm2

2m1+
m2
2

; | ~a2| = gm2

4m1+m2
)

22. Un bloque de 4 kg se empuja a lo largo
del techo aplicándole una fuerza constante
de 85 N que hace un ángulo de 55◦ con la
horizontal. El bloque acelera a la derecha a
6 m/s2. Determine el coeficiente de fricción
cinética entre el bloque y el techo. (0,81)

soportan el semáforo en la figura? (b) ¿Cuál es el 

peso del semáforo? 

 
38. Un bloque de 3.00 kg comienza a moverse 

desde el reposo en la parte superior de un plano 

inclinado 30.0° y se desliza 2.00 m hacia abajo en 

1.50 s. Encuentre a) la aceleración del bloque, b) el 

coeficiente de fricción cinética entre el bloque y la 

pendiente, c) la fuerza de fricción que actúa en el 

bloque, y d) la velocidad del bloque después que se 

ha movido 2.00 m. 

 

39. a) ¿Cuál es la fuerza de fricción mínima 

requerida para que el sistema de la figura este en 

equilibrio? b) ¿Qué coeficiente de fricción estática 

entre el bloque 100 N y la tabla asegura equilibrio? 

c) Si el coeficiente de 

fricción cinética entre el 

bloque 100 N y la tabla es 

0.250, ¿qué peso se debe 

colgar en lugar del peso de 

50.0N para permitir que el 

sistema se mueva con velocidad constante una vez 

que se pone en movimiento? 

 
40. Una cuerda está unida a un bloque de cemento 

de 10 kg que está colocado sobre una tabla apoyada 

contra un muro, formando un ángulo de 30° con la 

horizontal. El coeficiente de fricción cinética entre 

el bloque y la tabla es 0.3. a) ¿Cuál es la tensión de 

la cuerda si se tira de ella a velocidad constante y el 

bloque se mueve pendiente arriba por la tabla? b) 

¿Cuál es la tensión, si se tira de la cuerda a 

velocidad constante y la tabla forma un ángulo de 

45° con la horizontal?  
 
41. Para determinar el coeficiente de fricción 

entre la goma y varias superficies, un estudiante 

utiliza una goma de borrar y un plano inclinado de 

ángulo variable. Coloca el borrador sobre el plano 

inclinado y observa que el borrador comienza a 

deslizarse hacia abajo cuando el ángulo de 

inclinación es de 36.0º y se mueve con velocidad 

constante al reducir la inclinación a 30.0º. 

Determine los coeficientes de fricción estática y 

dinámica para este experimento. 
 

42. Un bloque de 4.00 kg se 

empuja a lo largo del techo 

aplicándole una fuerza 

constante de 85.0 N que hace 

un ángulo de 55.0° con el 

horizontal. El bloque acelera a la 

derecha a 6.00 m/s2. Determine el 

coeficiente de fricción cinética entre 

el bloque y el techo. 

 

43. Tres objetos están conectados 

por cuerdas ligeras según se muestra 

en la figura 46. La cuerda que 

conecta los objetos de 4.00 kg y 5.00 

kg pasa sobre una polea ligera sin 

fricción. Determine a) la aceleración de cada objeto 

y b) la tensión en las dos cuerdas 

 

44. Un trineo empieza a moverse desde la base 

del plano sin fricción, de 10.0 m de longitud que 

hace un ángulo de 35.0° sobre la horizontal, con  

velocidad inicial de 5.00 m/s hacia arriba de la 

pendiente. Cuando alcanza el punto en el cual se 

detiene momentáneamente, un segundo trineo se 

lanza,  con velocidad inicial vi, de la parte más alta 

de esta pendiente. Ambos trineos alcanzan la base 

de la pendiente en el mismo momento. a) 

Determine la distancia que el primer trineo viajó 

hacia arriba de la pendiente. b) Determine la 

velocidad inicial del segundo trineo. 

 

45. Un pingüino de 5.0 

kg se sienta en un trineo 

de 10 kg, como en la 

figura. Se aplica una 

fuerza horizontal de 45 

N al trineo, pero el 

pingüino impide el movimiento agarrando una 

cuerda unida a una pared. El coeficiente de fricción 

cinética entre el trineo y la nieve así como entre el 

trineo y el pingüino es 0.20. a) Dibuje un diagrama 

de cuerpo libre para el pingüino y otro para el 

trineo, e identifique la fuerza de reacción para cada 

fuerza que usted incluya. Determine b) la tensión 

en la cuerda y, c) la aceleración del trineo. 

 
46. Dos cajas de fruta 

que están en una superficie 

horizontal sin fricción se 

conectan por una cuerda 

ligera como en la figura, donde m1 = 10 kg y m2 = 

20 kg. Se aplica una fuerza de 50 N a la caja de 20 

kg. a) Determine la aceleración de cada caja y la 

tensión en la cuerda. b) Repita el problema para el 

caso en que haya un coeficiente de fricción cinética 

de 0.10 entre cada caja y la superficie. 

 

47. Un objeto de 3.0 kg cuelga en el extremo de 

una cuerda unida a un soporte en un vagón del 23. El sistema mostrado en la figura tiene una
aceleración de magnitud 1, 5 m/s2. Suponien-
do que el coeficiente de fricción cinética entre
los bloques y las pendientes es el mismo para
ambas pendientes. Encuentre el coeficiente de
fricción cinética y la tensión en la cuerda.
(0,087; 27,4 N)
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