
FCM0501 — Física I

12a Lista de exercícios

Colisões

Problemas do Capítulo 8 Tipler/Mosca 4a edição:

44. Por que uma taça de vinho que cai sobre um tapete pode não se quebrar, enquanto
a que cai sobre um piso de concreto quase certamente se estilhaçará?

50. Um carro, de 2000 kg, a 90 km/h, colide com um muro reforçado, que não cede um
milímetro.

a) Estime o tempo de colisão, admitindo que o centro do carro se desloque, com
aceleração constante, por uma distância igual à metade da distância ao muro
(adote estimativa razoável para o comprimento do carro). R.: 0.08 s

b) Estime a força média exercida pelo muro sobre o carro. R.: 625 kN

52. Uma bola de handebol, de 300 g, é arremessada perpendicularmente contra um
muro, com a velocidade de 8 m/s. A bola é refletida com velocidade de mesmo
módulo.

a) Que impulso é transmitido ao muro? R.: 4.8 Ns

b) Se a bola estiver em contato com o muro durante 0.003 s, qual a força média
exercida pela bola sobre ele? 1600 N

c) Um jogador recebe e segura, em repouso, a bola rebatida. Durante a pegada,
as mãos do jogador recuam 0.5 m. Que impulso recebe esse jogador? R.:
2.4 Ns

d) Qual é a força média que a bola exerce sobre o jogador? R.: 19.2 N

57. Imagine a colisão perfeitamente inelástica de dois corpos de massas iguais.

a) A perda de energia cinética na colisão dos dois corpos com velocidade v/2
diretamente opostas é maior ou menor do que q perda da energia cinética na
colisão em que um dos corpos está parado e o outro tem velocidade inicial v?

b) Em qual das duas situações mencionadas em (a) é maior a perda relativa de
energia cinética?

62. Um corpo de 5.0 kg, com velocidade de 4.0 m/s, colide frontalmente com outro, de
10 kg, com a velocidade de 3.0 m/s. O corpo de 10 kg fica parado depois da colisão.
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a) Que velocidade final tem o corpo de 5 kg? R.: 2 m/s

b) A colisão é elástica? R.: Não.

67. Um corpo de 3 kg, a 4 m/s, colide elasticamente com um outro corpo, estacionário,
de 2 kg. A partir da conservação do momento e da igualdade entre os módulos
das velocidades relativas de aproximação e de afastamento, calcule a velocidade de
cada corpo depois da colisão. Para verificar a resposta, calcule as energias cinética
inicial e final para cada corpo.

69. Um corpo de massa m1 = 2 kg escorrega por uma mesa sem atrito com a
velocidade de 10 m/s. Diretamente à frente dele, deslocando-se com a veloci-
dade de 3 m/s, na mesma direção, está outro corpo de massa m2 = 5 kg.
Uma mola, de massa desprezível, com a constante de força k = 1120 N/m,
está presa ao segundo corpo, como mostra a Fig. 8.54, reproduzida seguir.
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50 •• A spherical 0.34-kg orange, in radius, is dropped
from the top of a 35-m-tall building. After the orange strikes the
pavement, its shape is that of a 0.50-cm-thick pancake. Neglect air
resistance and assume that the collision is completely inelastic. 
(a) How much time did the orange take to completely “squish” to a
stop? (b) What average force did the pavement exert on the orange
during the collision?

51 •• The pole vault landing pad at an Olympic competition
contains what is essentially a bag of air that compresses from its
“resting” height of down to as the vaulter is slowed to
a stop. (a) What is the time interval during which a vaulter who has
just cleared a height of slows to a stop? (b) What is the time
interval if instead the vaulter is brought to rest by a 20-cm layer of
sawdust that compresses to when he lands? (c) Qualitatively
discuss the difference in average force the vaulter experiences from
the two different landing pads. That is, which landing pad would
exert the least force on the vaulter and why?

52 ••• Large limestone caverns have been formed by dripping
water. (a) If water droplets of fall from a height of at
a rate of 10 droplets per minute, what is the average force exerted
on the limestone floor by the droplets of water during a 1.0-min
period? (Assume the water does not accumulate on the floor.) 
(b) Compare this force to the weight of one water droplet.

COLLISIONS IN ONE DIMENSION

53 • A 2000-kg car traveling to the right at is chas-
ing a second car of the same mass that is traveling in the same
direction at (a) If the two cars collide and stick together,
what is their speed just after the collision? (b) What fraction of
the initial kinetic energy of the cars is lost during this collision?
Where does it go?

54 • An 85-kg running back moving at makes a
perfectly inelastic head-on collision with a 105-kg linebacker
who is initially at rest. What is the speed of the players just after
their collision? 

55 • A 5.0-kg object with a speed of collides head-on
with a 10-kg object moving toward it with a speed of The
10-kg object stops dead after the collision. (a) What is the postcolli-
sion speed of the 5.0-kg object? (b) Is the collision elastic?

56 • A small superball of mass m moves with speed v to the
right toward a much more massive bat that is moving to the left
with speed v. Find the speed of the ball after it makes an elastic
head-on collision with the bat.

57 •• A proton that has a mass m and is moving at 
undergoes a head-on elastic collision with a stationary carbon nu-
cleus of mass 12m. Find the velocities of the proton and the carbon
nucleus after the collision.

58 •• A 3.0-kg block moving at has a head-on elastic
collision with a stationary block of mass Use conservation of
momentum and the fact that the relative speed of recession equals
the relative speed of approach to find the velocity of each block
after the collision. Check your answer by calculating the initial and
final kinetic energies of each block.

59 •• A block of mass slides along a frictionless
table with a speed of Directly in front of it, and moving 
in the same direction with a speed of is a block of 
mass A massless spring that has a force constant

is attached to the second block, as in Figure 8-47. (a)
What is the velocity of the center of mass of the system? (b) During
the collision, the spring is compressed by a maximum amount ¢x.

k ! 1120 N>mm2 ! 5.0 kg.
3.0 m>s,

10 m>s.
m1 ! 2.0 kg

2.0 kg.
4.0 m>s

300 m>s

3.0 m>s.
4.0 m>s

7.0 m>sSSM

10 m>s.

30 m>s

5.0 m0.030 mL

5.0 cm

6.40 m

0.20 m1.2 m

2.0 cm

What is the value of (c) The blocks will eventually separate
again. What are the velocities of the two blocks measured in the ref-
erence frame of the table, after they separate? 

60 •• A bullet of mass m is fired vertically from below into a
thin horizontal sheet of plywood of mass M that is initially at rest,
supported by a thin sheet of paper (Figure 8-48). The bullet punches
through the plywood, which rises to a height, H, above the paper
before falling back down. The bullet continues rising to a height, h,
above the paper. (a) Express the upward velocity of the bullet and
the plywood immediately after the bullet exits the plywood in
terms of h and H. (b) What is the speed of the bullet? (c) What is the
mechanical energy of the system before and after the inelastic colli-
sion? (d) How much mechanical energy is dissipated during the
collision?

¢x?

10 m/s 3.0 m/sk = 1120 N/m

m1 m2
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Paper Plywood

M

m
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61 •• A proton of mass m is moving with initial speed di-
rectly toward the center of an particle of mass 4m, which is ini-
tially at rest. Both particles carry positive charge, so they repel each
other. (The repulsive forces are sufficient to prevent the two parti-
cles from coming into direct contact.) Find the speed of the par-
ticle (a) when the distance between the two particles is a minimum,
and (b) later when the two particles are far apart.

62 •• An electron collides elastically with a hydrogen atom
that is initially at rest. Assume all the motion occurs along a straight
line. What fraction of the electron’s initial kinetic energy is trans-
ferred to the atom? (Take the mass of the hydrogen atom to be 1840
times the mass of an electron.)

63 •• A 16-g bullet is fired into the bob of a 1.5-kg ballistic pen-
dulum (Figure 8-18). When the bob is at its maximum height, the
strings make an angle of 60° with the vertical. The pendulum strings
are long. Find the speed of the bullet prior to impact.

64 •• Show that in a one-dimensional elastic collision, if the
mass and velocity of object 1 are and and if the mass and ve-
locity of object 2 are and then their final velocities and 
are given by

and

65 •• Investigate the plausibility of the results of Problem 64
by calculating the final velocities in the following limits: (a) When
the two masses are equal, show that the particles “swap” velocities:

and (b) If and show that
and (c) If and show that

and v2f ! 2v1i .v1f ! v1i

v2i ! 0,m1 W m2 ,v2f ! 0.v1f ! "v1i

v2i ! 0,m2 W m1 ,v2f ! v1i .v1f ! v2i

 v2f !
2m1

m1 # m2
v1i #

m2 " m1

m1 # m2
v2i

v1f !
m1 " m2

m1 # m2
v1i #

2m2

m1 # m2
v2i

v2fv1fv2i ,m2

v1i ,m1

SSM2.3 m

av
a

a
v0

a) Antes do contato entre o primeiro corpo e a mola, qual a velocidade do centro
de massa do sistema?

b) Depois da colisão, a mola é comprimida de ∆x. Qual é o valor de ∆x?

c) Os dois corpos terminam por se separarem. Qual a velocidade de cada um,
no referencial da mesa?

74. Um projétil de massa m1 é disparado com a velocidade v contra o bloco de um
pêndulo balístico de massa m2. Determine a altura h atingida pelo bloco se o
projétil o atravessa e emerge com velocidade v/2. R.: h = (v2/8g)(m1/m2)

2.

79. Um projétil de massa m = 3 kg é disparado com velocidade inicial de 120 m/s, sob
um ângulo de 30°. No topo da trajetória, o projétil explode em dois fragmentos
de massas 1 kg e 2 kg. O fragmento de 2 kg chega ao solo na vertical do ponto da
explosão, 3.6 s após a fragmentação.

a) Determine a velocidade do fragmento de 1 kg imediatamente depois da ex-
plosão.

b) Calcule a distância entre o ponto de disparo e o ponto em que o fragmento de
1 kg chega ao chão

c) Encontre a energia liberada na explosão.

85. Um corpo de 2 kg se desloca para a direita com a velocidade de 5 m/s e colide
com outro corpo, de 3 kg, que se move na mesma direção, a 2 m/s (Fig. 8.55,
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reproduzida a seguir). Depois da colisão, o corpo de 3 kg se desloca a 4.2 m/s.

Calcule

284 | C H A P T E R  8 Conservation of Linear Momentum

66 •• A bullet of mass is fired horizontally with a speed 
into the bob of a ballistic pendulum of mass The pendulum con-
sists of a bob attached to one end of a very light rod of length L. The
rod is free to rotate about a horizontal axis through its other end.
The bullet is stopped in the bob. Find the minimum such that the
bob will swing through a complete circle.

67 •• A bullet of mass is fired horizontally with a speed v
into the bob of a ballistic pendulum of mass (Figure 18-19). Find
the maximum height h attained by the bob if the bullet passes
through the bob and emerges with a speed 

68 •• A heavy wooden block rests on a flat table and a high-
speed bullet is fired horizontally into the block, the bullet stopping
in it. How far will the block slide before coming to a stop? The mass
of the bullet is the mass of the block is the bullet’s
impact speed is and the coefficient of kinetic friction be-
tween the block and the table is 0.220. (Assume that the bullet does
not cause the block to spin.)

69 •• A 0.425-kg ball with a speed of rolls across a
level surface toward an open 0.327-kg box that is resting on its side.
The ball enters the box, and the box (with the ball inside it) then
slides across the surface a distance of What is the coeffi-
cient of kinetic friction between the box and the table?

70 •• Tarzan is in the path of a pack of stampeding elephants
when Jane swings in to the rescue on a rope vine, hauling him off
to safety. The length of the vine is and Jane starts her 
swing with the rope horizontal. If Jane’s mass is and
Tarzan’s mass is to what height above the ground will the
pair swing after she rescues him? (Assume the rope is vertical
when she grabs him.)

71 •• Scientists estimate that the meteorite responsible for the
creation of Barringer Meteorite Crater in Arizona weighed roughly

and was traveling at a speed
of Take Earth’s orbital speed to be about 
(a) What should the direction of impact be if Earth’s orbital speed is
to be changed by the maximum possible amount? (b) Assuming the
condition of collision in Part (a), estimate the maximum percentage
change in Earth’s orbital speed as a result of this collision. (c) What
mass of an asteroid, having a speed equal to Earth’s orbital speed,
would be necessary to change Earth’s orbital speed by 1.00%?

72 ••• William Tell shoots an apple from his son’s head. The
speed of the 125-g arrow just before it strikes the apple is 
and at the time of impact it is traveling horizontally. If the arrow
sticks in the apple and the arrow/apple combination strikes the
ground behind the son’s feet, how massive was the apple?
Assume the son is tall.

EXPLOSIONS
AND RADIOACTIVE DECAY

73 •• The beryllium isotope is unstable, decays into
two particles and releases 
of energy. Determine the velocities of the two particles that
arise from the decay of a nucleus at rest, assuming that all
the energy appears as kinetic energy of the particles.

74 •• The light isotope, of lithium is unstable and breaks
up spontaneously into a proton and an particle. In this process,

of energy are released, appearing as the kinetic en-
ergy of the two decay products. Determine the velocities of the
proton and the particle that arise from the decay of a nucleus
at rest. (Note: The masses of the proton and alpha particle are

and ) m
a

! 4mp ! 6.64 " 10#27 kg.mp ! 1.67 " 10#27 kg

5Lia

3.15 " 10#13 J
a

5Li,

SSM

8Be
a

1.5 " 10#14 J(m
a

! 6.64 " 10#27 kg),a

8Be

1.85 m
8.50 m

25.0 m>s,

SSM

30.0 km>s.17.9 km>s.
2.72 " 105 tonnes (1 tonne ! 1000 kg)

82 kg,
54 kg,

25 m,

SSM

0.520 m.

1.30 m>s
750 m>s,

10.5 kg,10.5 g,

v>3.

m2

m1

v0

m2 .
v0m1 75 ••• A 3.00-kg projectile is fired with an initial speed of

at an angle of 30.0° with the horizontal. At the top of its tra-
jectory, the projectile explodes into two fragments of masses 
and At after the explosion, the 2.00-kg fragment lands
on the ground directly below the point of explosion. (a) Determine
the velocity of the 1.00-kg fragment immediately after the explo-
sion. (b) Find the distance between the point of firing and the point
at which the 1.00-kg fragment strikes the ground. (c) Determine the
energy released in the explosion.

76 ••• The boron isotope is unstable and disintegrates into a
proton and two particles. The total energy released as kinetic en-
ergy of the decay products is In one such event, with
the nucleus at rest prior to decay, the velocity of the proton is
measured as If the two particles have equal ener-
gies, find the magnitude and the direction of their velocities with
respect to the direction of the proton.

COEFFICIENT OF RESTITUTION

77 • ENGINEERING APPLICATION, CONTEXT-RICH You are
in charge of measuring the coefficient of restitution for a new
alloy of steel. You convince your engineering team to accom-
plish this task by simply dropping a small ball onto a plate, both
ball and plate made from the experimental alloy. If the ball is
dropped from a height of and rebounds to a height of

what is the coefficient of restitution?

78 • According to official racquetball rules, to be accept-
able for tournament play, a ball must bounce to a height of
between 173 and when dropped from a height of 
at room temperature. What is the acceptable range of values for
the coefficient of restitution for the racquetball– floor system?

79 • A ball bounces to 80 percent of its original height.
(a) What fraction of its mechanical energy is lost each time it
bounces? (b) What is the coefficient of restitution of the ball– floor
system?

80 •• A 2.0-kg object moving to the right at collides
head-on with a 4.0-kg object that is initially at rest. After the colli-
sion, the 2.0-kg object is moving to the left at (a) Find the
velocity of the 4.0-kg object after the collision. (b) Find the energy
lost in the collision. (c) What is the coefficient of restitution for these
objects?

81 •• A 2.0-kg block moving to the right with a speed of
collides with a 3.0-kg block that is moving in the same di-

rection at as in Figure 8-49. After the collision, the 3.0-kg
block moves to the right at Find (a) the velocity of the 
2.0-kg block after the collision, and (b) the coefficient of restitution
between the two blocks. 

4.2 m>s.
2.0 m>s,

5.0 m>s
1.0 m>s.

6.0 m>s

254 cm183 cm

SSM2.5 m,
3.0 m

a6.0 " 106 m>s.
9B

4.4 " 10#14 J.
a

9B

3.60 s2.00 kg.
1.00 kg

120 m>s

5.0 m/s 2.0 m/s
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82 ••• CONTEXT-RICH To keep homerun records and distances
consistent from year to year, organized baseball randomly checks
the coefficient of restitution between new baseballs and wooden
surfaces similar to that of an average bat. Suppose you are in charge
of making sure that no “juiced” baseballs are produced. (a) In a ran-
dom test, you find one that when dropped from rebounds

What is the coefficient of restitution for this ball? (b) What is
the maximum distance home run shot you would expect from this
0.25 m.

2.0 m

a) A velocidade do primeiro corpo depois da colisão.

b) O coeficiente de restituição.

88. Um disco de massa 0.5 kg se aproxima de outro, de mesma massa, que está em
repouso sobre uma superfície de gelo, sem atrito. A velocidade inicial do primeiro
é de 2 m/s. Depois da colisão, um deles tem a velocidade v, que faz ângulo de 30°
com a direção inicial do movimento. O outro tem a velocidade v2 que faz ângulo
de 60° com a mesma direção, conforme mostra a Fig. 8-56, reproduzida abaixo.
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5.0 kg

5.0 kg

30°

60°

v1

v2

v = 2.0 m/s

F I G U R E  8 - 5 0 Problem 87

ball, neglecting any effects due to air resistance and making
reasonable assumptions for bat speeds and incoming pitch speeds?
Is this a “juiced” ball, a “normal” ball, or a “dead” ball?

83 •• CONCEPTUAL To make puck handling easy, hockey
pucks are kept frozen until they are used in the game. (a) Explain
why room-temperature pucks would be more difficult to handle on
the end of a stick than a frozen puck. (Hint: Hockey pucks are made of
rubber.) (b) A room-temperature puck rebounds when
dropped onto a wooden surface from If a frozen puck has
only half the coefficient of restitution of a room-temperature one,
predict how high the frozen puck would rebound under the same
conditions.

COLLISIONS IN MORE 
THAN ONE DIMENSION

84 •• In Section 8-3, it was proved by using geometry that when
a particle elastically collides with another particle of equal mass that
is initially at rest, the two postcollision velocities are perpendicular.
Here we examine another way of proving this result that illustrates
the power of vector notation. (a) Given that square both
sides of this equation (obtain the scalar product of each side with it-
self) to show that (b) Let the momentum of
the initially moving particle be and the momenta of the particles
after the collision be and Write the vector equation for the con-
servation of linear momentum and square both sides (obtain the dot
product of each side with itself). Compare it to the equation gotten
from the elastic collision condition (kinetic energy is conserved) and
finally show that these two equations imply that 

85 •• In a pool game, the cue ball, which has an initial speed of
makes an elastic collision with the eight ball, which is ini-

tially at rest. After the collision, the eight ball moves at an angle of
30° to the right of the original direction of the cue ball. Assume that
the balls have equal mass. (a) Find the direction of motion of the cue
ball immediately after the collision. (b) Find the speed of each ball
immediately after the collision. 

86 •• Object A, which has a mass m and a velocity collides
with object B, which has a mass 2m and a velocity Following the
collision, object B has a velocity of (a) Determine the velocity of
object A after the collision. (b) Is the collision elastic? If not, express
the change in the kinetic energy in terms of m and

87 •• A puck of mass moving at approaches
an identical puck that is stationary on frictionless ice. After the
collision, the first puck leaves with a speed at 30° to the orig-
inal line of motion; the second puck leaves with speed at 60°,
as in Figure 8-50. (a) Calculate the speeds and (b) Was the
collision elastic? SSM

v2 .v1

v2

v1

2.0 m>s5.0 kg

v0 .

1
4 v0 in.

1
2 v0 jn.

v0 in,
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pS1
# pS2 ! 0.

pS2 .pS1

P
S

A2 ! B2 " C2 " 2B
S # C

S
.

A
S

! B
S

" C
S

,

SSM

100 cm.
15 cm

88 •• Figure 8-51 shows the result of a collision between
two objects of unequal mass. (a) Find the speed of the larger
mass after the collision; also find the angle (b) Show that the
collision is elastic.

u2 .
v2

m
3v

5v0

v2

√
θ1

θ2

θtan 1 = 2
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89 •• A 2.0-kg ball moving at makes an off-center colli-
sion with a 3.0-kg ball that is initially at rest. After the collision, the
2.0-kg ball is deflected at an angle of 30° from its original direction
of motion and the 3.0-kg ball is moving at Find the speed
of the 2.0-kg ball and the direction of the 3.0-kg ball after the colli-
sion. Hint:
90 •• A particle has initial speed It collides with a second
particle with the same mass that is initially at rest. The first particle
is deflected through an angle Its speed after the collision is v. The
second particle recoils, and its velocity makes an angle with the
initial direction of the first particle. (a) Show that 

(b) Show that if the collision is elastic, then

CENTER-OF-MASS
REFERENCE FRAME

91 •• In the center-of-mass reference frame, a particle with
mass and momentum makes an elastic head-on collision with
a second particle of mass and momentum After the
collision the first particle’s momentum is Write the total kinetic
initial energy in terms of and and the total final energy in
terms of and and show that If the
particle is merely turned around by the collision and leaves with
the speed it had initially. What is the situation for the 
solution?
92 •• MULTISTEP A 3.0-kg block is traveling in the direc-
tion at and a 1.0-kg block is traveling in the direction at

(a) Find the velocity of the center of mass. (b) Subtract
from the velocity of each block to find the velocity of each block

in the center-of-mass reference frame. (c) After they make a head-on
elastic collision, the velocity of each block is reversed (in the center-
of-mass frame). Find the velocity of each block in the center-of-
mass frame after the collision. (d) Transform back into the original
frame by adding to the velocity of each block. (e) Check your re-
sult by finding the initial and final kinetic energies of the blocks in
the original frame and comparing them.
93 •• Repeat Problem 92 with the second block having a mass
of and moving to the right at 

SYSTEMS WITH 
CONTINUOUSLY VARYING 
MASS: ROCKET PROPULSION

94 • ENGINEERING APPLICATION A rocket burns fuel at a rate
of and exhausts the gas at a speed of relative to
the rocket. Find the magnitude of the thrust of the rocket.

6.00 km>s200 kg>s

SSM3.0 m>s.5.0 kg

vcm

vcm

vcm3.0 m>s.
"x5.0 m>s,

#x

p$1 ! "p1

p$1 ! #p1 ,p$1 ! % p1 .p$1 ,m1 , m2 ,
p1m1 ,m2 ,

p$1 .
p2 ! #p1 .m2

p1m1

v ! v0 cosf.
3(v0 # vcosf)4. tanu ! (vsinf)>u

f.

v0 .
sin2 u " cos2 u ! 1.

4.0 m>s.

10 m>s

*

*

a) Calcule v1 e v2 R.: v1 = v/2 e v2 =
√

3v/2.

b) A colisão foi elástica? R.: Sim.

89. A Fig. 8-57, reproduzida abaixo, mostra o esquema da colisão entre dois corpos de

massas desiguais.
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ball, neglecting any effects due to air resistance and making
reasonable assumptions for bat speeds and incoming pitch speeds?
Is this a “juiced” ball, a “normal” ball, or a “dead” ball?

83 •• CONCEPTUAL To make puck handling easy, hockey
pucks are kept frozen until they are used in the game. (a) Explain
why room-temperature pucks would be more difficult to handle on
the end of a stick than a frozen puck. (Hint: Hockey pucks are made of
rubber.) (b) A room-temperature puck rebounds when
dropped onto a wooden surface from If a frozen puck has
only half the coefficient of restitution of a room-temperature one,
predict how high the frozen puck would rebound under the same
conditions.

COLLISIONS IN MORE 
THAN ONE DIMENSION

84 •• In Section 8-3, it was proved by using geometry that when
a particle elastically collides with another particle of equal mass that
is initially at rest, the two postcollision velocities are perpendicular.
Here we examine another way of proving this result that illustrates
the power of vector notation. (a) Given that square both
sides of this equation (obtain the scalar product of each side with it-
self) to show that (b) Let the momentum of
the initially moving particle be and the momenta of the particles
after the collision be and Write the vector equation for the con-
servation of linear momentum and square both sides (obtain the dot
product of each side with itself). Compare it to the equation gotten
from the elastic collision condition (kinetic energy is conserved) and
finally show that these two equations imply that 

85 •• In a pool game, the cue ball, which has an initial speed of
makes an elastic collision with the eight ball, which is ini-

tially at rest. After the collision, the eight ball moves at an angle of
30° to the right of the original direction of the cue ball. Assume that
the balls have equal mass. (a) Find the direction of motion of the cue
ball immediately after the collision. (b) Find the speed of each ball
immediately after the collision. 

86 •• Object A, which has a mass m and a velocity collides
with object B, which has a mass 2m and a velocity Following the
collision, object B has a velocity of (a) Determine the velocity of
object A after the collision. (b) Is the collision elastic? If not, express
the change in the kinetic energy in terms of m and

87 •• A puck of mass moving at approaches
an identical puck that is stationary on frictionless ice. After the
collision, the first puck leaves with a speed at 30° to the orig-
inal line of motion; the second puck leaves with speed at 60°,
as in Figure 8-50. (a) Calculate the speeds and (b) Was the
collision elastic? SSM
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88 •• Figure 8-51 shows the result of a collision between
two objects of unequal mass. (a) Find the speed of the larger
mass after the collision; also find the angle (b) Show that the
collision is elastic.

u2 .
v2

m
3v

5v0

v2

√
θ1

θ2

θtan 1 = 2

F I G U R E  8 - 5 1 Problem 88

89 •• A 2.0-kg ball moving at makes an off-center colli-
sion with a 3.0-kg ball that is initially at rest. After the collision, the
2.0-kg ball is deflected at an angle of 30° from its original direction
of motion and the 3.0-kg ball is moving at Find the speed
of the 2.0-kg ball and the direction of the 3.0-kg ball after the colli-
sion. Hint:
90 •• A particle has initial speed It collides with a second
particle with the same mass that is initially at rest. The first particle
is deflected through an angle Its speed after the collision is v. The
second particle recoils, and its velocity makes an angle with the
initial direction of the first particle. (a) Show that 

(b) Show that if the collision is elastic, then

CENTER-OF-MASS
REFERENCE FRAME

91 •• In the center-of-mass reference frame, a particle with
mass and momentum makes an elastic head-on collision with
a second particle of mass and momentum After the
collision the first particle’s momentum is Write the total kinetic
initial energy in terms of and and the total final energy in
terms of and and show that If the
particle is merely turned around by the collision and leaves with
the speed it had initially. What is the situation for the 
solution?
92 •• MULTISTEP A 3.0-kg block is traveling in the direc-
tion at and a 1.0-kg block is traveling in the direction at

(a) Find the velocity of the center of mass. (b) Subtract
from the velocity of each block to find the velocity of each block

in the center-of-mass reference frame. (c) After they make a head-on
elastic collision, the velocity of each block is reversed (in the center-
of-mass frame). Find the velocity of each block in the center-of-
mass frame after the collision. (d) Transform back into the original
frame by adding to the velocity of each block. (e) Check your re-
sult by finding the initial and final kinetic energies of the blocks in
the original frame and comparing them.
93 •• Repeat Problem 92 with the second block having a mass
of and moving to the right at 

SYSTEMS WITH 
CONTINUOUSLY VARYING 
MASS: ROCKET PROPULSION

94 • ENGINEERING APPLICATION A rocket burns fuel at a rate
of and exhausts the gas at a speed of relative to
the rocket. Find the magnitude of the thrust of the rocket.
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a) Determine a velocidade v2 da massa maior depois da colisão e o ângulo θ2.

b) Mostre que a colisão é elástica.

*91. Uma partícula com velocidade inicial v2 colide com outra, que está em repouso
e sofre desvio angular φ. A velocidade da primeira partícula após a colisão é v.
A segunda sofre impulso e adquire velocidade que faz ângulo θ com a direção da
velocidade da primeira partícula.

a) Mostre que

tan θ =
v sen θ

v0 − v cosφ

b) No cálculo da parte (a), para obter o resultado mencionado, foi necessário
admitir que a colisão tenha sido elástica ou inelástica?

100. Por que é possível desprezar, em geral, a força da gravidade e também as forças de
atrito nos problemas de colisão?

129. A massa de um núcleo de carbono é aproximadamente 12 vezes maior do que a
massa de um nêutron.

a) A partir dos resultados do Problema 128, reproduzidos abaixo, mostre que
depois de N colisões frontais entre um nêutron e núcleos de carbono a energia
do nêutron é aproximadamente (0.716)NE0, onde E0 é a energia inicial.

b) Os nêutrons emitidos na fissão do núcleo de urânio têm energia de aproximada-
mente 2 MeV. Para que esses nêutrons provoquem a fissão de outros núcleo,
num reator nuclear, é preciso que tenham energia da ordem de 0.02 eV. Ad-
mitindo que todas as colisões são elásticas e que os núcleos de carbono são
estacionários, quantas colisões são necessárias para reduzir a 0.02 eV a energia
de um nêutron de 2 MeV?
Resultados do problema 128: Quando um nêutron de massa m colide
elástica e frontalmente com um núcleo estacionário de massa M , a energia do
núcleo após a colisão é

Kncleo =
4mM

(m+M)2
K0,

onde Kn é a energia cinética inicial, do nêuntron, e a fração da energia perdida
pelo nêutron na colisão é

−∆Kn

Kn
=

4(m/M)

(1 +m/M)2
.
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