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Problema 1: Uma partícula é presa entre duas molas idênticas numa mesa 
horizontal sem atrito. Ambas molas tem constante elástica k e estão inicialmente 
relaxadas.

(a) Se a partícula é puxada de uma distância x ao longo da direção perpendicular a 
configuração inicial das molas, como mostra a figura (1), mostre que a força exercida 
pelas molas sobra a partícula é

(b) Determine a quantidade de trabalho feito por essa força para mover a partícula de 
x = A para x = 0.

(c) Determine a energia potencial U(x) do sistema quando a partícula é puxada de 
uma distância x, como no item (a).

(d) Faça um gráfico de U(x) por x e identifique todos os pontos de equilíbrio.

(e) Se a partícula é puxada até x = A e então solta, qual é a sua velocidade quando ela 
passa pelo ponto de equilíbrio x = 0 ?
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his mass is m. (b) Determine the work the escalator motor
does on this person.

53. A mechanic pushes a car of mass m, doing work W in mak-
ing it accelerate from rest. Neglecting friction between car
and road, (a) what is the final speed of the car? During
this time, the car moves a distance d. (b) What constant
horizontal force did the mechanic exert on the car?

54. A 5.00-kg steel ball is dropped onto a copper plate from a
height of 10.0 m. If the ball leaves a dent 3.20 mm deep,
what is the average force exerted by the plate on the ball
during the impact?

55. A single constant force F acts on a particle of mass m. The
particle starts at rest at t ! 0. (a) Show that the instanta-
neous power delivered by the force at any time t is 
! ! (F 2/m)t. (b) If F ! 20.0 N and m ! 5.00 kg, what is
the power delivered at t ! 3.00 s?

56. Two springs with negligible masses, one with spring con-
stant k1 and the other with spring constant k2, are attached
to the endstops of a level air track as in Figure P7.56. A
glider attached to both springs is located between them.
When the glider is in equilibrium, spring 1 is stretched by
extension xi1 to the right of its unstretched length and
spring 2 is stretched by xi2 to the left. Now a horizontal
force Fapp is applied to the glider to move it a distance xa
to the right from its equilibrium position. Show that in this
process (a) the work done on spring 1 is k1(xa

2 " 2xaxi1),
(b) the work done on spring 2 is k2(xa

2 # 2xaxi2), (c) xi2
is related to xi1 by xi2 ! k1xi1/k2, and (d) the total work
done by the force Fapp is 

57. As the driver steps on the gas pedal, a car of mass 1 160 kg
accelerates from rest. During the first few seconds of mo-
tion, the car’s acceleration increases with time according
to the expression

(a) What work is done by the wheels on the car during the
interval from t ! 0 to t ! 2.50 s? (b) What is the output
power of the wheels at the instant t ! 2.50 s?

58. A particle is attached between two identical springs on a
horizontal frictionless table. Both springs have spring con-
stant k and are initially unstressed. (a) If the particle is
pulled a distance x along a direction perpendicular to the

a ! (1.16 m/s3)t # (0.210 m/s4)t2 " (0.240 m/s5)t3

1
2(k1 " k2)xa

2.

1
2
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initial configuration of the springs, as in Figure P7.58,
show that the force exerted by the springs on the particle
is

(b) Determine the amount of work done by this force in
moving the particle from x ! A to x ! 0.
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59. A rocket body of mass M will fall out of the sky with ter-
minal speed vT after its fuel is used up. What power out-
put must the rocket engine produce if the rocket is to fly
(a) at its terminal speed straight up; (b) at three times
the terminal speed straight down? In both cases assume
that the mass of the fuel and oxidizer remaining in the
rocket is negligible compared to M. Assume that the
force of air resistance is proportional to the square of
the rocket’s speed.

60. Review problem. Two constant forces act on a 5.00-kg ob-
ject moving in the xy plane, as shown in Figure P7.60.
Force F1 is 25.0 N at 35.0°, while F2 is 42.0 N at 150°. At
time t ! 0, the object is at the origin and has velocity
(4.00 î " 2.50 ĵ) m/s. (a) Express the two forces in unit-
vector notation. Use unit-vector notation for your other
answers. (b) Find the total force on the object. (c) Find
the object’s acceleration. Now, considering the instant
t ! 3.00 s, (d) find the object’s velocity, (e) its location,
(f) its kinetic energy from mvf

2, and (g) its kinetic energy
from .1

2mv 2
i " #F ! $r

1
2

Figura 1: Vista superior da mesa



Problema 2: Dois nadadores, Alan e Beth, começam a nadar juntos do mesmo ponto 
da margem de um riacho largo, que flui com uma velocidade v. Ambos movem-se com 
mesma velocidade c (c > v), relativa a água. Alan nada descendo o riacho de uma 
distância L e então sobe o riacho na mesma distância. Beth nada tal que seu 
movimento relativo a Terra é perpendicular às margens do riacho. Ela nada a 
distância L e então retorna na mesma distância, de modo que ambos nadadores 
retornam ao ponto inicial. Qual nadador retorna primeiro? Justifique com base nos 
estudos de movimento relativo e referenciais.

Problema 3: Um bloco de gelo de massa m é largado do repouso num ponto A ao 
longo do diâmetro horizontal no interior de um vaso hemisférico rugoso de raio R, 
como mostra a figura (2).

(a) Qual é a energia potencial gravitacional quando o bloco está no ponto A relativa ao 
ponto B?

(b) Sabendo que vB é a velocidade do bloco no ponto B, qual é o trabalho devido a cada 
força no trajeto de A para B?

(c) Quanta energia mecânica foi transformada em energia interna quando o bloco de 
move de A para C?

(d) É possível determinar o coeficiente de atrito através desses resultados de alguma 
maneira simples? Explique.
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block moves 20.0 cm down the incline before coming to
rest. Find the coefficient of kinetic friction between block
and incline.

55. Review problem. Suppose the incline is frictionless for
the system described in Problem 54 (Fig. P8.54). The
block is released from rest with the spring initially un-
stretched. (a) How far does it move down the incline be-
fore coming to rest? (b) What is its acceleration at its
lowest point? Is the acceleration constant? (c) Describe
the energy transformations that occur during the
descent.

56. A child’s pogo stick (Fig. P8.56) stores energy in a spring
with a force constant of 2.50 ! 104 N/m. At position !
(xA " # 0.100 m), the spring compression is a maximum
and the child is momentarily at rest. At position "
(xB " 0), the spring is relaxed and the child is moving up-
ward. At position #, the child is again momentarily at rest
at the top of the jump. The combined mass of child and
pogo stick is 25.0 kg. (a) Calculate the total energy of the
child–stick–Earth system if both gravitational and elastic
potential energies are zero for x " 0. (b) Determine xC .
(c) Calculate the speed of the child at x " 0. (d) Deter-
mine the value of x for which the kinetic energy of the
system is a maximum. (e) Calculate the child’s maximum
upward speed.
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Figure P8.52 Problems 52 and 53.
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51. Assume that you attend a state university that started out
as an agricultural college. Close to the center of the cam-
pus is a tall silo topped with a hemispherical cap. The
cap is frictionless when wet. Someone has somehow bal-
anced a pumpkin at the highest point. The line from the
center of curvature of the cap to the pumpkin makes an
angle $i " 0° with the vertical. While you happen to be
standing nearby in the middle of a rainy night, a breath
of wind makes the pumpkin start sliding downward from
rest. It loses contact with the cap when the line from the
center of the hemisphere to the pumpkin makes a cer-
tain angle with the vertical. What is this angle?

52. A 200-g particle is released from rest at point ! along the
horizontal diameter on the inside of a frictionless, hemi-
spherical bowl of radius R " 30.0 cm (Fig. P8.52). Calcu-
late (a) the gravitational potential energy of the
particle–Earth system when the particle is at point ! rela-
tive to point ", (b) the kinetic energy of the particle at
point ", (c) its speed at point ", and (d) its kinetic
energy and the potential energy when the particle is at
point #.

What If? The particle described in Problem 52 (Fig.
P8.52) is released from rest at !, and the surface of the
bowl is rough. The speed of the particle at " is 1.50 m/s.
(a) What is its kinetic energy at "? (b) How much mechani-
cal energy is transformed into internal energy as the particle
moves from ! to "? (c) Is it possible to determine the coef-
ficient of friction from these results in any simple manner?
Explain.

54. A 2.00-kg block situated on a rough incline is connected to
a spring of negligible mass having a spring constant of 
100 N/m (Fig. P8.54). The pulley is frictionless. The block
is released from rest when the spring is unstretched. The

53.

A 10.0-kg block is released from point ! in Figure P8.57.
The track is frictionless except for the portion between
points " and # , which has a length of 6.00 m. The block
travels down the track, hits a spring of force constant 
2 250 N/m, and compresses the spring 0.300 m from its
equilibrium position before coming to rest momentarily.
Determine the coefficient of kinetic friction between the
block and the rough surface between " and #.

57.

Figura 2: Vista lateral do vaso



Problema 4: Uma força F age sobre um bloco de massa M que permanece sobre 
uma superfície horizontal rugosa com coeficiente de atrito μ, como mostra a figura (3).

(a) Assumindo que F ≫ Mg, encontre o ângulo máximo θ no qual a força F não pode 
fazer o bloco deslizar, não importando quão grande ela seja.

(b) Encontre a razão F/Mg em termos de θ e μ tal que o bloco permanece na iminência 
do deslizamento. Mostre que a resposta reduz-se aquela do item (a) no limite de           
F ≫ Mg.

Problema 5: Dois fios, de mesmo comprimento, estão amarrados a uma esfera de 
massa m que gira em torno do eixo vertical com a velocidade angular ω, como mostra a 
figura (4). 

(a) Nessa situação, determine a tensão em cada fio?

(b) Qual deve ser a velocidade angular ω para que as tensões sejam iguais?
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(b) D
eterm

ine the tension T
 and the m

agnitude of the ac-
celeration of the system

.

46.
A

 block of m
ass 3.00 kg is pushed up against a w

all by a
force P

that m
akes a 50.0°

angle w
ith the horizontal as

show
n in Figure P5.46. T

he coefficient of static friction be-
tw

een the block and the w
all is 0.250. D

eterm
ine the possi-

ble values for the m
agnitude of P

that allow
 the block to

rem
ain stationary.

value of F
w

ill m
ove the block up the plane w

ith constant
velocity?

50.
R

eview
 problem

.O
ne side of the roof of a building slopes

up at 37.0°. A
 student throw

s a Frisbee onto the roof. It
strikes w

ith a speed of 15.0
m

/s and does not bounce, but
slides straight up the incline. T

he coefficient of kinetic
friction betw

een the plastic and the roof is 0.400. T
he Fris-

bee slides 10.0 m
 up the roof to its peak, w

here it goes into
free fall, follow

ing a parabolic trajectory w
ith negligible air

resistance. D
eterm

ine the m
axim

um
 height the Frisbee

reaches above the point w
here it struck the roof.

A
dditio

nal P
ro

b
lem

s
A

n inventive child nam
ed Pat w

ants to reach an apple in a
tree w

ithout clim
bing 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 w

ith such a force
that the spring scale reads 250

N
. Pat’s true w

eight is 320
N

, and the chair w
eighs 160

N
. (a) D

raw
 free-body dia-

gram
s for Pat and the chair considered as separate system

s,
and another diagram

 for Pat and the chair considered as
one system

. (b) Show
 that the acceleration of the system

 is
upw

ard
and find its m

agnitude. (c) Find the force Pat ex-
erts on the chair.

51.

F
m

2
T

m
1

F
igure P

5.45

P
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igure P

5.46

F
igure P

5.48

47.
You and your friend go sledding. O

ut of curiosity, you
m

easure 
the 

constant 
angle 

!
that 

the 
snow

-covered
slope m

akes w
ith the horizontal. N

ext, you use the fol-
low

ing m
ethod to determ

ine the coefficient of friction
"

k
betw

een the snow
 and the sled. You give the sled a

quick push up so that it w
ill slide up the slope aw

ay from
you. You w

ait for it to slide back dow
n, tim

ing the m
o-

tion. It turns out that the sled takes tw
ice as long to slide

dow
n as it does to reach the top point in the round trip.

In term
s of !, w

hat is the coefficient of friction?

48.
T

he 
board 

sandw
iched 

betw
een 

tw
o 

other 
boards 

in
Figure P5.48 w

eighs 95.5
N

. If the coefficient of friction
betw

een the boards is 0.663, w
hat m

ust be the m
agnitude

of the com
pression forces (assum

e horizontal) acting on
both sides of the center board to keep it from

 slipping?

49.
A

 block w
eighing 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 upw

ard on the plane. T
he co-

efficients of static and kinetic friction betw
een the block

and the plane are, respectively, 0.363 and 0.156. (a) W
hat

is the m
inim

um
 value of F that w

ill prevent the block from
slipping dow

n the plane? (b) W
hat is the m

inim
um

 value
of F

that w
ill start the block m

oving up the plane? (c) W
hat

52.
A

 tim
e-dependent force, F

#
(8.00î

$
4.00tĵ)

N
, w

here tis
in seconds, is exerted on a 2.00-kg object initially at rest.
(a) A

t w
hat tim

e w
ill the object be m

oving w
ith a speed of

15.0
m

/s? (b) H
ow

 far is the object from
 its initial position

w
hen its speed is 15.0

m
/s? (c) T

hrough w
hat total dis-

placem
ent has the object traveled at this tim

e?

53.
To prevent a box from

 sliding dow
n 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. R

egard as know
n the m

ass m
of the box, the

coefficient of static friction "
s

betw
een box and incline,

and the inclination angle !. (a) D
eterm

ine the force A

F
igure P

5.51

F θ

Figura 3: Bloco sobre superfície rugosa

ω

d

Figura 4: Esfera amarrada por dois fios.


