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Problema 1: Uma pessoa, a qual encontra-se no topo de uma rocha em formato 
hemisférico de raio R, chuta uma bola (inicialmente em repouso no topo da rocha) 
dando a ela uma velocidade inicial vi como mostra a figura (1).

(a) Com essa velocidade inicial, quão longe da base da rocha a bola atingirá o solo?

(b) Qual deve ser a velocidade inicial mínima para que a bola nunca toque na rocha 
após ser chutada?

Problema 2: Um foguete de dois estágios viaja com uma velocidade V com relação a 
Terra quando acaba o combustível do primeiro estágio. Parafusos explosivos liberam o 
primeiro estágio e empurram-no para trás com uma velocidade v relativa ao segundo 
estágio. Sabendo que o primeiro estágio é três vezes mais pesado que o segundo, qual é 
a velocidade do segundo estágio após a separação?

108 C H A P T E R  4 •  Motion in Two Dimensions

A hawk is flying horizontally at 10.0 m/s in a straight line,
200 m above the ground. A mouse it has been carrying
struggles free from its grasp. The hawk continues on its
path at the same speed for 2.00 seconds before attempting
to retrieve its prey. To accomplish the retrieval, it dives in a
straight line at constant speed and recaptures the mouse
3.00 m above the ground. (a) Assuming no air resistance,
find the diving speed of the hawk. (b) What angle did the
hawk make with the horizontal during its descent? (c) For
how long did the mouse “enjoy” free fall?

62. A person standing at the top of a hemispherical rock of
radius R kicks a ball (initially at rest on the top of the rock)
to give it horizontal velocity vi as in Figure P4.62. (a) What
must be its minimum initial speed if the ball is never to hit
the rock after it is kicked? (b) With this initial speed, how
far from the base of the rock does the ball hit the ground?

61.

A car is parked on a steep incline overlooking the
ocean, where the incline makes an angle of 37.0° below
the horizontal. The negligent driver leaves the car in neu-
tral, and the parking brakes are defective. Starting from
rest at t ! 0, the car rolls down the incline with a constant
acceleration of 4.00 m/s2, traveling 50.0 m to the edge of a
vertical cliff. The cliff is 30.0 m above the ocean. Find
(a) the speed of the car when it reaches the edge of the
cliff and the time at which it arrives there, (b) the velocity
of the car when it lands in the ocean, (c) the total time
interval that the car is in motion, and (d) the position of
the car when it lands in the ocean, relative to the base of
the cliff.

64. A truck loaded with cannonball watermelons stops sud-
denly to avoid running over the edge of a washed-out
bridge (Fig. P4.64). The quick stop causes a number of
melons to fly off the truck. One melon rolls over the edge
with an initial speed vi ! 10.0 m/s in the horizontal direc-
tion. A cross-section of the bank has the shape of the bot-
tom half of a parabola with its vertex at the edge of the
road, and with the equation y2 ! 16x, where x and y are
measured in meters. What are the x and y coordinates of
the melon when it splatters on the bank?

65. The determined coyote is out once more in pursuit of the
elusive roadrunner. The coyote wears a pair of Acme jet-
powered roller skates, which provide a constant horizontal

63.

acceleration of 15.0 m/s2 (Fig. P4.65). The coyote starts at
rest 70.0 m from the brink of a cliff at the instant the road-
runner zips past him in the direction of the cliff. (a) If the
roadrunner moves with constant speed, determine the
minimum speed he must have in order to reach the cliff
before the coyote. At the edge of the cliff, the roadrunner
escapes by making a sudden turn, while the coyote contin-
ues straight ahead. His skates remain horizontal and con-
tinue to operate while he is in flight, so that the coyote’s
acceleration while in the air is (15.0 î " 9.80 ĵ) m/s2. (b) If
the cliff is 100 m above the flat floor of a canyon, deter-
mine where the coyote lands in the canyon. (c) Determine
the components of the coyote’s impact velocity.
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R x

vi

vi = 10 m/s

Coyoté
Stupidus

Chicken
Delightus

BEEP

BEEP

66. Do not hurt yourself; do not strike your hand against any-
thing. Within these limitations, describe what you do
to give your hand a large acceleration. Compute an order-
of-magnitude estimate of this acceleration, stating the
quantities you measure or estimate and their values.

A skier leaves the ramp of a ski jump with a velocity of
10.0 m/s, 15.0° above the horizontal, as in Figure P4.67.
The slope is inclined at 50.0°, and air resistance is negligi-
ble. Find (a) the distance from the ramp to where the
jumper lands and (b) the velocity components just before
the landing. (How do you think the results might be af-
fected if air resistance were included? Note that jumpers
lean forward in the shape of an airfoil, with their hands 
at their sides, to increase their distance. Why does this
work?)

67.
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Figura 1: Lançamento horizontal de uma bola.



Problema 3: Um bloco de massa m é empurrado contra um muro por uma força F 
que faz um ângulo θ com a horizontal como mostra a figura (2). O coeficiente de atrito 
estático entre o bloco e o muro é μe. Determine:

(a) o módulo da força normal N do muro sobre o bloco;

(b) o módulo da força de atrito fat entre o muro e o bloco;

(c) os valores possíveis do módulo de F para que o bloco permaneça parado sem 
deslizar sobre o muro.

Problema 4: Para a curva de energia potencial apresentada na figura (3), 
determine:

(a) onde a força Fx é positiva, negativa, ou zero nos cinco pontos indicados;

(b) os pontos de equilíbrio estável, instável, e neutro.

(c) Esboce o gráfico de versus x desde x = 0 até x = 9.5 m.

Problems 145

(b) Determine the tension T and the magnitude of the ac-
celeration of the system.

46. 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 P5.46. The coefficient of static friction be-
tween the block and the wall is 0.250. Determine the possi-
ble values for the magnitude of P that allow the block to
remain stationary.

value of F will move the block up the plane with constant
velocity?

50. Review problem. One side of the roof of a building slopes
up at 37.0°. A student throws a Frisbee onto the roof. It
strikes with a speed of 15.0 m/s and does not bounce, but
slides straight up the incline. The coefficient of kinetic
friction between the plastic and the roof is 0.400. The Fris-
bee slides 10.0 m up the roof to its peak, where it goes into
free fall, following a parabolic trajectory with negligible air
resistance. Determine the maximum height the Frisbee
reaches above the point where it struck the roof.

Additional Problems
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. P5.51),
Pat pulls on the loose end of the rope with such a force
that the spring scale reads 250 N. Pat’s true weight is 320
N, and the chair weighs 160 N. (a) Draw free-body dia-
grams for Pat and the chair considered as separate systems,
and another diagram for Pat and the chair considered as
one system. (b) Show that the acceleration of the system is
upward and find its magnitude. (c) Find the force Pat ex-
erts on the chair.

51.
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47. You and your friend go sledding. Out of curiosity, you
measure the constant angle ! that the snow-covered
slope makes with the horizontal. Next, you use the fol-
lowing method to determine the coefficient of friction
"k between the snow and the sled. You give the sled a
quick push up so that it will slide up the slope away from
you. You wait for it to slide back down, timing the mo-
tion. It turns out that the sled takes twice as long to slide
down as it does to reach the top point in the round trip.
In terms of !, what is the coefficient of friction?

48. The board sandwiched between two other boards in
Figure P5.48 weighs 95.5 N. If the coefficient of friction
between the boards is 0.663, what must be the magnitude
of the compression forces (assume horizontal) acting on
both sides of the center board to keep it from slipping?

49. A block weighing 75.0 N rests on a plane inclined at 25.0°
to the horizontal. A force F is applied to the object at 40.0°
to the horizontal, pushing it upward on the plane. The co-
efficients of static and kinetic friction between the block
and the plane are, respectively, 0.363 and 0.156. (a) What
is the minimum value of F that will prevent the block from
slipping down the plane? (b) What is the minimum value
of F that will start the block moving up the plane? (c) What

52. A time-dependent force, F # (8.00 î $ 4.00t ĵ) N, where t is
in seconds, is exerted on 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) Through what total dis-
placement has the object traveled at this time?

53. To prevent a box from sliding down an inclined plane,
student A pushes on the box in the direction parallel to
the incline, just hard enough to hold the box stationary.
In an identical situation student B pushes on the box
horizontally. Regard as known the mass m of the box, the
coefficient of static friction "s between box and incline,
and the inclination angle !. (a) Determine the force A

Figure P5.51
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Section 8.6 Energy Diagrams and Equilibrium 
of a System 

44. A right circular cone can be balanced on a horizontal sur-
face in three different ways. Sketch these three equilib-
rium configurations, and identify them as positions of sta-
ble, unstable, or neutral equilibrium.

45. For the potential energy curve shown in Figure P8.45, 
(a) determine whether the force Fx is positive, negative, or
zero at the five points indicated. (b) Indicate points of sta-
ble, unstable, and neutral equilibrium. (c) Sketch the
curve for Fx versus x from x ! 0 to x ! 9.5 m.

have force constant k and each is initially unstressed. (a) If
the particle is pulled a distance x along a direction perpen-
dicular to the initial configuration of the springs, as in
Figure P8.47, show that the potential energy of the system is

(Hint: See Problem 58 in Chapter 7.) (b) Make a plot of
U(x) versus x and identify all equilibrium points. Assume
that L ! 1.20 m and k ! 40.0 N/m. (c) If the particle is
pulled 0.500 m to the right and then released, what is its
speed when it reaches the equilibrium point x ! 0?

U(x) ! kx2 " 2kL !L # √x2 " L2"

Additional Problems

48. A block slides down a curved frictionless track and then up
an inclined plane as in Figure P8.48. The coefficient of ki-
netic friction between block and incline is $k. Use energy
methods to show that the maximum height reached by the
block is

ymax !
h

1 " $k  cot %

49. Make an order-of-magnitude estimate of your power out-
put as you climb stairs. In your solution, state the physical
quantities you take as data and the values you measure or
estimate for them. Do you consider your peak power or
your sustainable power?

50. Review problem. The mass of a car is 1 500 kg. The shape
of the body is such that its aerodynamic drag coefficient is
D ! 0.330 and the frontal area is 2.50 m2. Assuming that
the drag force is proportional to v2 and neglecting other
sources of friction, calculate the power required to main-
tain a speed of 100 km/h as the car climbs a long hill slop-
ing at 3.20°.
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Figure P8.45

46. A particle moves along a line where the potential energy of
its system depends on its position r as graphed in
Figure P8.46. In the limit as r increases without bound, U(r)
approaches "1 J. (a) Identify each equilibrium position for
this particle. Indicate whether each is a point of stable, un-
stable, or neutral equilibrium. (b) The particle will be
bound if the total energy of the system is in what range?
Now suppose that the system has energy #3 J. Determine
(c) the range of positions where the particle can be found,
(d) its maximum kinetic energy, (e) the location where it
has maximum kinetic energy, and (f) the binding energy of
the system—that is, the additional energy that it would have
to be given in order for the particle to move out to r : & .
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47. A particle of mass 1.18 kg is attached between two identical
springs on a horizontal frictionless tabletop. The springs
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Figura 3: Energia potencial U(x). 

Figura 2: Bloco em contato com muro.
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Problema 5: Um bloco de massa m1 = 5m e um bloco de massa m2 = 3m estão 
suspensos, unidos por um fio que passa por uma roldana de raio R e massa M = m, que 
está suspensa por uma corda no teto, como mostra a figura (4). O fio tem massa 
desprezível e não desliza sobre a roldana, enquanto a roldana é permitida girar sobre 
seu eixo sem qualquer atrito. Os objetos começam do repouso de uma distância h entre 
eles. Considerando a roldana como um disco, cujo momento de inércia com relação a 
um eixo que passa pelo centro de massa é Icm = MR2/2. Determine:

(a) o módulo da aceleração dos blocos e o valor da aceleração angular da roldana;

(b) o módulo da força de tração em cada trecho do fio;

(c) o módulo da força de sustentação que a corda realiza sobre a roldana;

(d) a energia cinética do bloco de massa m1 após descer de uma altura h.328 CHAPTE R  10 •  Rotation of a Rigid Object About a Fixed Axis

This problem describes one experimental method for de-
termining the moment of inertia of an irregularly shaped
object such as the payload for a satellite. Figure P10.47
shows a counterweight of mass m suspended by a cord
wound around a spool of radius r, forming part of a
turntable supporting the object. The turntable can rotate
without friction. When the counterweight is released from
rest, it descends through a distance h, acquiring a speed v.
Show that the moment of inertia I of the rotating appara-
tus (including the turntable) is mr 2(2gh/v 2 ! 1).

47.

48. A horizontal 800-N merry-go-round is a solid disk of radius
1.50 m, started from rest by a constant horizontal force of
50.0 N applied tangentially to the edge of the disk. Find
the kinetic energy of the disk after 3.00 s.

(a) A uniform solid disk of radius R and mass M is free to
rotate on a frictionless pivot through a point on its rim
(Fig. P10.49). If the disk is released from rest in the posi-
tion shown by the blue circle, what is the speed of its cen-
ter of mass when the disk reaches the position indicated by
the dashed circle? (b) What is the speed of the lowest
point on the disk in the dashed position? (c) What If?
Repeat part (a) using a uniform hoop.

49.

50. The head of a grass string trimmer has 100 g of cord
wound in a light cylindrical spool with inside diameter
3.00 cm and outside diameter 18.0 cm, as in Figure
P10.50. The cord has a linear density of 10.0 g/m. A single
strand of the cord extends 16.0 cm from the outer edge of
the spool. (a) When switched on, the trimmer speeds up
from 0 to 2 500 rev/min in 0.215 s. (a) What average
power is delivered to the head by the trimmer motor while
it is accelerating? (b) When the trimmer is cutting grass, it
spins at 2 000 rev/min and the grass exerts an average tan-
gential force of 7.65 N on the outer end of the cord, which
is still at a radial distance of 16.0 cm from the outer edge
of the spool. What is the power delivered to the head un-
der load?

Section 10.9 Rolling Motion of a Rigid Object

A cylinder of mass 10.0 kg rolls without slipping on a
horizontal surface. At the instant its center of mass has a
speed of 10.0 m/s, determine (a) the translational kinetic
energy of its center of mass, (b) the rotational kinetic en-
ergy about its center of mass, and (c) its total energy.

52. A bowling ball has mass M, radius R, and a moment of in-
ertia of . If it starts from rest, how much work must
be done on it to set it rolling without slipping at a linear
speed v? Express the work in terms of M and v.

(a) Determine the acceleration of the center of mass of a
uniform solid disk rolling down an incline making angle "
with the horizontal. Compare this acceleration with that of
a uniform hoop. (b) What is the minimum coefficient of

53.
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m2 = 10.0 kg

3.00 m

m1

M
R

m2

Figure P10.46

m

Figure P10.47

Pivot R

g

Figure P10.49

3.0 cm

18.0 cm

16.0 cm

Figure P10.50

3

h

Figura 4: Maquina de Atwood melhorada.


