
1. A car is pushed into a force sensor as 
demonstrated in class.

a) What is shown by the area under the 
Force/Time graph?
________________________

2. In a perfectly inelastic collision two cars collide as shown.  What is the final 
velocity of the two cars?

Momentum And Energy - Honors Summary! Name ___________________

A student in this class forgot to finish all 

of their labs.  You can trust the numbers 

they have written, but please complete 

all of the missing parts.

Area of 
Force 
Graph

Average 
Force

Min 
Velocity

Max 
Velocity Impulse Change in

Momentum
Change in 

Velocity Mass

0.68 Ns 3.49 N -0.44 0.49

Mass A Mass B Velocity 
Ai

Velocity 
Bi Velocity Af Velocity Bf

500g 1000g 2.4 m/s -6 m/s



3.  In a collision between 2 marbles, a 
student group graphed the final 
momentum of each marble as shown.   
They forgot to find the initial momentum 
(before a collision).  Show the initial 
momentum on the diagram.  

Also, solve for the resultant vector as 
done in your lab experiment.

4. In the inelastic collision two cars approach as shown.  Complete the table with 
your results.

Momentum And Energy - Honors Summary! Name ___________________

Mass A Mass B Velocity 
Ai

Velocity 
Bi

Velocity
 Af

Velocity Bf

1.5 kg 2.0 kg 4 m/s -8 m/s -6 m/s

Marble CollisionMarble CollisionMarble Collision

Length Angle

Paf 21.0 cm 115

Pbf 13.5 cm 25

Pi



5. On an air track Car B hits car 
A “from behind” as shown 
below.  Complete both tables 
below.

a) What is the mass of car B ?

b) What was the impulse on car A?

c) If the collision took 0.03 seconds, what was the Force acting on car A?

d) What is the elasticity (coefficient of restitution) for the collision?

Momentum And Energy - Honors Summary! Name ___________________

Mass A Mass B V Ai V Bi V Af V Bf

0.3 kg

Momentum 
Ai

Momentum 
Bi

Momentum
 Af

Momentum
 Bf

Initial
Momentum

Final
Momentum

A

A

B

B



6.  A student completes a lab experiment to understand Hooke’s Law.  
The carefully recorded data is below.  What is the spring constant for 
this experiment?  As done in class, the length is the total of the spring 
and the mass hanger.

Momentum And Energy - Honors Summary! Name ___________________

Test SpringTest SpringTest SpringTest Spring

# mass weight length

1 200g 0.65m

2 300g 0.70m

3 500g 0.81m

4 800g 0.94m

5 1000g 1.05m

6 1500g 1.31m



7.  An elf can push the toys 
up the 10 m incline with a 
force of 500 N in 30 
seconds with an efficiency 
of 80%.  Complete the 
table 

8.  A “HOLIDAY” sled is 
stuck, so Randolph  the 
physics reindeer uses a set 
of pulleys with four ropes 
to try to get the sled out of 
the snow.  He found that he 
exerts a force of only 400 N 
to apply 1000 N to the sled!  
The sled moves 3 m across 
the snow in one minute.

Momentum And Energy - Honors Summary! Name ___________________

Work 
Input

Work 
Output

IMA

AMA

Elf Power

Work 
Input

Work 
Output

IMA

AMA

Reindeer 
Power

 

 

10 m5 m

 



9. Two balls collide in an inelastic collision as shown.  The 600g white cue ball travels 
at 14m/s and hits the 500g 9-ball (initially at rest).  The 9 ball leaves this collision 
with a velocity of 11 m/s 25o below the x axis.  What is the final velocity of the cue 
ball?

10. In a physics experiment two 3 kg watermelons are dropped from the top of a 10 
meter platform.  One hits the ground and stops in 0.4 seconds, the second one hits 
the water and stops in 3.2 seconds.

a)   Use conservation of Energy to find the velocity on impact of each 
watermelon.

b)  What is the change in momentum for each melon?

c)  What is the impulse on each melon?

d)  What is the force on the melon in the water?

Momentum And Energy - Honors Summary! Name ___________________



11. Car A hits car B “from behind” as shown below.  Complete both tables below.

a) What was the impulse on car A?

b) If the collision took 0.03 seconds, what was the Force acting on car A?

c) What is the elasticity (coefficient of restitution) for the collision?

Momentum And Energy - Honors Summary! Name ___________________

Mass A Mass B Velocity Ai Velocity Bi Velocity Af Velocity Bf

600 kg 90 kg 20 m/s 5 m/s 16 m/s

Momentum 
Ai

Momentum 
Bi

Momentum
 Af

Momentum
 Bf

Initial
Momentum

Final
Momentum



12. How long must a force of 5.00 N act on a block of 3.00-kg mass in order to give it a 
velocity of 4.00 m/s? 

13. A 10.0-g bullet is fired from a 5.00-kg rifle with a velocity of 300 m/s. What is the 
recoil velocity of the rifle?

14. A cannon of 3.50 X 103 kg fires a shell of 2.50 kg with a muzzle speed of 300 m/s. 
What is the recoil velocity of the cannon? 

15. If a gas molecule of mass 5.30 X 10-26 kg and an average speed of 425 m/s 
collides perpendicularly with a wall of a room and rebounds at the same speed, 

a) What is its change of momentum? 

b) What impulse is imparted to the wall?

16. A 150-g ball moving at a velocity of 25.0 cm/s to the right collides with a 250-g ball 
moving at a velocity of 18.5 cm/s to the left. The collision has a coefficient of 
restitution of 0.65. 

a) Find the velocity of each ball after the collision

b) Find the kinetic energy before the collision

c) Find the kinetic energy after the collision

d) Find the percentage of energy lost in the collision.

17. A 10,000 kg truck enters an intersection heading north at 45 km/hr when it makes 
a perfectly inelastic collision with a 1000 kg car traveling at 90 km/hr due east. 
What is the final velocity of the car and truck?

Momentum And Energy - Honors Summary! Name ___________________



18. Billiard ball 2 is at rest when it is hit with a glancing collision by ball 1 moving at a 
velocity of 50.0 cmls toward the right. After the collision ball 1 moves off at an 
angle of 35.0° from the original direction while ball 2 moves at an angle of 40.0°, 
as shown in the diagram. The mass of each billiard ball is 0.17 kg. Find the final 
velocity of each ball after the collision.

IJ t34. Billiard ball 2 is at rest when it is hit
with a glancing collision by ball 1
moving at a velocity of 50.0 cmls
toward the right. After the collision
ball 1 moves off at an angle of 35.0°
from the original direction while ball
2 moves at an angle of 40.0°, as
shown in the diagram. The mass of
each billiard ball is 0.017 kg. Find
the final velocity of each ball after
the collision. Find the kinetic energy
before and after the collision. Is the
collision elastic?

o 35. A 0.150-kg ball, moving at a speed of
25.0 mis, makes an elastic collision
with a wall at an angle of 40.0° , and
rebounds at an angle of 40.0°. Find
(a) the change in momentum of the
ball and (b) the magnitude and
direction of the momentum imparted
to the wall. The diagram is a view
from the top.

Additional Problems
t36. A 0.250-kg ball is dropped from a

height of 1.00 m. It rebounds to a
height of 0.750 m. If the ground
exerts a force of 300 N on the ball,
find the time the ball is in contact
with the ground.
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37. A 200-g ball is dropped from the top
of a building. If the speed of the ball
before impact is 40.0 mis, and right
after impact it is 25.0 cmls, find
(a) the momentum of the ball before
impact, (b) the momentum of the
ball after impact, (c) the kinetic
energy of the ball before impact,
(d) the kinetic energy of the ball
after impact, and (e) the coefficient
of restitution of the ball.

t38. A ball is dropped from a height of
1.00 m and rebounds to a height of
0.920 m. Approximately how many
bounces will the ball make before
losing 90% of its energy?

39. A 60.0-g tennis ball is dropped from
a height of 1.00 m. If it rebounds to
a height of 0.560 m, (a) what is the
coefficient of restitution of the tennis
ball and the floor, and (b) how much
energy is lost in the collision?

NO. A 25.0-g bullet strikes a 5.00-kg
ballistic pendulum that is initially at
rest. The pendulum rises to a height
of 14.0 cm. What is the initial speed
of the bullet?

41. A 25.0-g bullet with an initial speed
of 400 mls strikes a 5-kg ballistic
pendulum that is initially at rest.
(a) What is the speed of the
combined bullet-pendulum after the
collision? (b) How high will the
pendulum rise?

42. An 80-kg caveman, standing on a
branch of a. tree 5 m high, swings on
a vine and catches a 60-kg cavegirl
at the bottom of the swing. How high
will both of them rise?

N3. A hunter fires an automatic rifle at
an' attacking lion that weighs 300 lb.
If the lion is moving toward the
hunter at 10.0 ftls, and the rifle
bullets weigh 2.00 oz each and have
a muzzle velocity of 2500 ftls, how
many bullets must the man fire at
the lion in orc\er to st~p the lion in
his tracks?

t44. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown; m1
= 300 g and m2 is unknown. If the

connecting string is cut, the gliders
separate. Glider 1 experiences the
velocity VI = 10.0 cmls, and glider 2
experiences the velocity Vz = 20.0
cmls, what is the unknown mass?

Glider Glider

Air track

t45. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown. The
masses of the gliders are ml = 300 g
and m2 = 250 g. The connecting
string is cut and the compressed
string causes the two gliders to
separate from each other. If glider 1
has moved 35.0 cm from its starting
point, where is glider 2 located?

N6. Two balls, m1 = 100 g and m2 =
200 g, are suspended near each other
as shown. The two balls are initially
in contact. Ball 2 is then pulled away
so that it makes a 45.0° angle with
the vertical and is then released.
(a) Find the velocity of ball 2 just
before impact and the velocity of
each ball after the perfectly elastic
impact. (b) How high will each ball
rise?

t47. Two swimmers simultaneously dive
off opposite ends of a 200-lb boat. If
the first swimmer has a weight WI =
200 Ib and a velocity of 5.00 ftls
toward the right, while the second
swimmer has a weight W2 = 150lb
and a velocity of -3.00 ftls toward
the left, what is the final velocity of
the boat?

48. Two swimmers simultaneously dive
off opposite ends of a llO-kg boat. If
the first swimmer has a mass m1 =
66.7 kg and a velocity of 1.98 mls
toward the right, while the second
swimmer has a mass mz = 77.8 kg
and a velocity of -7.63 mls toward
the left, what is the final velocity of
the boat? <r

Mechanics

19. A 0.150-kg ball, moving at a speed of 25.0 mis, makes an elastic collision with a 
wall at an angle of 40.0° , and rebounds at an angle of 40.0°. The diagram is a 
view from the top.
a) Find the change in momentum of the ball
b) Find the magnitude and direction of the momentum imparted to the wall. 

IJ t34. Billiard ball 2 is at rest when it is hit
with a glancing collision by ball 1
moving at a velocity of 50.0 cmls
toward the right. After the collision
ball 1 moves off at an angle of 35.0°
from the original direction while ball
2 moves at an angle of 40.0°, as
shown in the diagram. The mass of
each billiard ball is 0.017 kg. Find
the final velocity of each ball after
the collision. Find the kinetic energy
before and after the collision. Is the
collision elastic?

o 35. A 0.150-kg ball, moving at a speed of
25.0 mis, makes an elastic collision
with a wall at an angle of 40.0° , and
rebounds at an angle of 40.0°. Find
(a) the change in momentum of the
ball and (b) the magnitude and
direction of the momentum imparted
to the wall. The diagram is a view
from the top.

Additional Problems
t36. A 0.250-kg ball is dropped from a

height of 1.00 m. It rebounds to a
height of 0.750 m. If the ground
exerts a force of 300 N on the ball,
find the time the ball is in contact
with the ground.
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37. A 200-g ball is dropped from the top
of a building. If the speed of the ball
before impact is 40.0 mis, and right
after impact it is 25.0 cmls, find
(a) the momentum of the ball before
impact, (b) the momentum of the
ball after impact, (c) the kinetic
energy of the ball before impact,
(d) the kinetic energy of the ball
after impact, and (e) the coefficient
of restitution of the ball.

t38. A ball is dropped from a height of
1.00 m and rebounds to a height of
0.920 m. Approximately how many
bounces will the ball make before
losing 90% of its energy?

39. A 60.0-g tennis ball is dropped from
a height of 1.00 m. If it rebounds to
a height of 0.560 m, (a) what is the
coefficient of restitution of the tennis
ball and the floor, and (b) how much
energy is lost in the collision?

NO. A 25.0-g bullet strikes a 5.00-kg
ballistic pendulum that is initially at
rest. The pendulum rises to a height
of 14.0 cm. What is the initial speed
of the bullet?

41. A 25.0-g bullet with an initial speed
of 400 mls strikes a 5-kg ballistic
pendulum that is initially at rest.
(a) What is the speed of the
combined bullet-pendulum after the
collision? (b) How high will the
pendulum rise?

42. An 80-kg caveman, standing on a
branch of a. tree 5 m high, swings on
a vine and catches a 60-kg cavegirl
at the bottom of the swing. How high
will both of them rise?

N3. A hunter fires an automatic rifle at
an' attacking lion that weighs 300 lb.
If the lion is moving toward the
hunter at 10.0 ftls, and the rifle
bullets weigh 2.00 oz each and have
a muzzle velocity of 2500 ftls, how
many bullets must the man fire at
the lion in orc\er to st~p the lion in
his tracks?

t44. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown; m1
= 300 g and m2 is unknown. If the

connecting string is cut, the gliders
separate. Glider 1 experiences the
velocity VI = 10.0 cmls, and glider 2
experiences the velocity Vz = 20.0
cmls, what is the unknown mass?

Glider Glider

Air track

t45. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown. The
masses of the gliders are ml = 300 g
and m2 = 250 g. The connecting
string is cut and the compressed
string causes the two gliders to
separate from each other. If glider 1
has moved 35.0 cm from its starting
point, where is glider 2 located?

N6. Two balls, m1 = 100 g and m2 =
200 g, are suspended near each other
as shown. The two balls are initially
in contact. Ball 2 is then pulled away
so that it makes a 45.0° angle with
the vertical and is then released.
(a) Find the velocity of ball 2 just
before impact and the velocity of
each ball after the perfectly elastic
impact. (b) How high will each ball
rise?

t47. Two swimmers simultaneously dive
off opposite ends of a 200-lb boat. If
the first swimmer has a weight WI =
200 Ib and a velocity of 5.00 ftls
toward the right, while the second
swimmer has a weight W2 = 150lb
and a velocity of -3.00 ftls toward
the left, what is the final velocity of
the boat?

48. Two swimmers simultaneously dive
off opposite ends of a llO-kg boat. If
the first swimmer has a mass m1 =
66.7 kg and a velocity of 1.98 mls
toward the right, while the second
swimmer has a mass mz = 77.8 kg
and a velocity of -7.63 mls toward
the left, what is the final velocity of
the boat? <r

Mechanics

20. A 200-g ball is dropped from the top of a building. If the speed of the ball before 
impact is 40.0 mis, and right after impact it is 25.0 mls,
a) Find the momentum of the ball before impact,
b) Find the momentum of the ball after impact, 
c) Find the kinetic energy of the ball before impact,
d) Find the kinetic energy of the ball after impact,
e) Find the coefficient of restitution of the ball.

Momentum And Energy - Honors Summary! Name ___________________



21. A 25.0-g bullet strikes a 5.00-kg ballistic 
pendulum that is initially at rest. The 
pendulum rises to a height of 14.0 cm. 
What is the initial speed of the bullet?

22. An 80-kg caveman, standing on a branch of a.tree 5 m high, swings on a vine and 
catches a 60 kg cave-girl at the bottom of the swing.  How high will both of them 
rise?

23. A 25-g ball slides down a smooth inclined plane, 0.850 m high, that makes an 
angle of 35.0° with the horizontal. The ball slides into an open box of 200-g mass 
and the ball and box slide off the end of a table 1.00 m high. How far from the base 
of the table will the combined ball and box hit the ground?

t49. Show that the kinetic energy of a

moving body can be expressed in

terms of the linear momentum as KE

= p2/2m.
t50. A machine gun is mounted on a

small train car and fires 100 bullets

per minute backward. If the mass of
each bullet is 10.0 g and the speed of

each bullet as it leaves the gun is

900 mis, find the average force
exerted on the gun. If the mass of the
car and machine gun is 225 kg, what

is the acceleration of the train car

while the gun is firing?

t51. An open toy railroad car of mass 250

g is moving at a constant speed of 30

cmls when a wooden block of 50 g is
dropped into the open car. What is

the final speed of the car and block?

t52. Masses m1 and m2 are located on the

top of the two frictionless inclined

planes as shown in the diagram. It is
given that m1 = 30.0 g, m2 = 50.0

g, 11 = 50.0 cm, 12 = 20.0 cm, I =

100 cm, 01 = 50.0°, and O2 = 25.0°.

Find (a) the speeds III and 112 at the

bottom of each inclined plane, note

that ball 1 reaches the bottom of the

plane before ball 2; (b) the position

between the planes where the masses

will collide elastically; (c) the speeds

of the two masses after the collision;

and (d) the final locations I; and I;
where the two masses will rise up the

plane after the collision.

•
I I
·-....-/~I

t53. The mass m1 = 40.0 g is initially

located at a height hI = 1.00 m on

the frictionless surface shown in the

diagram. It is then released from rest

and collides with the mass m2 = 70.0

g, which is at rest at the bottom of

the surface. After the collision, will

the mass m2 make ·it over the top of

the hill at position B, which is at a
height of 0.500 m?

Chapter 8 Momentum and Its Conservation

t54. Two balls of mass ml and m2 are

placed on a frictionless surface as

shown in the diagram. Mass m1 =

30.0 g is at a height hI = 50.0 cm

above the bottom of the bowl, while

mass m2 = 60.0 g is at a height of

3/4 hi. The distance 1= 100 cip.

Assuming that both balls reach the

bottom at the same time, find (a) the

speed of each ball at the bottom of

each surface, (b) the position where

the two balls collide, (c) the speed of

each ball after the collision, and

(d) the height that each ball will rise

to after the collision.

t55. A person is in a small train car that

weighs 500 lb and contains 500 lb of

rocks. The train is initially at rest.

The person starts to throw large

rocks, each weighing 100 lb, from the

rear of the train at a speed of 5.00

ft/s. (a) If the person throws out I
rock what will the recoil velocity of

the train be? The person then throws

out another rock at the same speed.

(b) What is the recoil velocity now?

(c) The person continues to throw out

the rest of the rocks one at a time.

What is the final velocity of the train

when all the rocks have been thrown

out?

t56. A bullet of mass 20.0 g is fired into a

block of mass 5.00 kg that is initially

at rest. The combined block and

bullet moves a distance of 5.00 m

over a rough surface of coefficient of

kinetic friction of 0.500, before

coming to rest. Find the initial

velocity of the bullet.

t57. A bullet of mass 20.0 g is fired at an

initial velocity of 200 mls into a
15.0-kg block that is initially at rest.

The combined bullet and block move

over a rough surface of coefficient of

kinetic friction of 0.500. How far will

the combined bullet and block move

before coming to rest?

58. A 15.0-kg bullet moving at a speed

of 250 mls hits a 2.00-kg block of
wood, which is initially at rest. The

bullet emerges from the block of

wood at 150 m/s. Find (a) the final
velocity of the block of wood and

(b) the amount of energy lost in the

collision.

t59. A 5-kg pendulum bob, at a height of

0.750 m above the floor, swings down

to the ground where it hits a 2.15 kg

block that is initially at rest. The

block then slides up a 30.0° incline.

Find how far up the incline the block

will slide if (a) the plane is

frictionless and (b) if the plane is

rough with a value of µk = 0.450.

t60. A 0.15-kg baseball is thrown upward

at an initial velocity of 35.0 m/s.
Two seconds later, a 20.0-g bullet is

fired at 250 mls into the rising
baseball. How high will the combined

bullet and baseball rise?

t61. A 25-g ball slides down a smooth

inclined plane, 0.850 m high, that

makes an angle of 35.0° with the

horizontal. The ball slides into an

open box of 200-g mass and the ball

and box slide on a rough surface of

µk = 0.450. How far will the

combined ball and box move before

coming to rest?

t62. A 25-g ball slides down a smooth

inclined plane, 0.850 m high, that

makes an angle of 35.0° with the

horizontal. The ball slides into an

open box of 200-g mass and the ball

and box slide off the end of a table

1.00 m high. How far from the base

of the table will the combined ball

and box hit the ground?
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24. A bomb of mass M total  = 2.50 kg, moving in the x-direction at a speed of 10.5 mis, 
explodes into three pieces. One fragment, m1 = 0.850 kg, at a velocity of 3.5 mls at 
an angle of 30.0°. A second fragment m2 = 0.750 kg, at an angle of 43.5° below the 
positive x-axis, and a third fragment at an angle of 150°. 
a) Find the velocities of m2 and m3.

Momentum And Energy - Honors Summary! Name ___________________

IJ t34. Billiard ball 2 is at rest when it is hit
with a glancing collision by ball 1
moving at a velocity of 50.0 cmls
toward the right. After the collision
ball 1 moves off at an angle of 35.0°
from the original direction while ball
2 moves at an angle of 40.0°, as
shown in the diagram. The mass of
each billiard ball is 0.017 kg. Find
the final velocity of each ball after
the collision. Find the kinetic energy
before and after the collision. Is the
collision elastic?

o 35. A 0.150-kg ball, moving at a speed of
25.0 mis, makes an elastic collision
with a wall at an angle of 40.0° , and
rebounds at an angle of 40.0°. Find
(a) the change in momentum of the
ball and (b) the magnitude and
direction of the momentum imparted
to the wall. The diagram is a view
from the top.

Additional Problems
t36. A 0.250-kg ball is dropped from a

height of 1.00 m. It rebounds to a
height of 0.750 m. If the ground
exerts a force of 300 N on the ball,
find the time the ball is in contact
with the ground.
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37. A 200-g ball is dropped from the top
of a building. If the speed of the ball
before impact is 40.0 mis, and right
after impact it is 25.0 cmls, find
(a) the momentum of the ball before
impact, (b) the momentum of the
ball after impact, (c) the kinetic
energy of the ball before impact,
(d) the kinetic energy of the ball
after impact, and (e) the coefficient
of restitution of the ball.

t38. A ball is dropped from a height of
1.00 m and rebounds to a height of
0.920 m. Approximately how many
bounces will the ball make before
losing 90% of its energy?

39. A 60.0-g tennis ball is dropped from
a height of 1.00 m. If it rebounds to
a height of 0.560 m, (a) what is the
coefficient of restitution of the tennis
ball and the floor, and (b) how much
energy is lost in the collision?

NO. A 25.0-g bullet strikes a 5.00-kg
ballistic pendulum that is initially at
rest. The pendulum rises to a height
of 14.0 cm. What is the initial speed
of the bullet?

41. A 25.0-g bullet with an initial speed
of 400 mls strikes a 5-kg ballistic
pendulum that is initially at rest.
(a) What is the speed of the
combined bullet-pendulum after the
collision? (b) How high will the
pendulum rise?

42. An 80-kg caveman, standing on a
branch of a. tree 5 m high, swings on
a vine and catches a 60-kg cavegirl
at the bottom of the swing. How high
will both of them rise?

N3. A hunter fires an automatic rifle at
an' attacking lion that weighs 300 lb.
If the lion is moving toward the
hunter at 10.0 ftls, and the rifle
bullets weigh 2.00 oz each and have
a muzzle velocity of 2500 ftls, how
many bullets must the man fire at
the lion in orc\er to st~p the lion in
his tracks?

t44. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown; m1
= 300 g and m2 is unknown. If the

connecting string is cut, the gliders
separate. Glider 1 experiences the
velocity VI = 10.0 cmls, and glider 2
experiences the velocity Vz = 20.0
cmls, what is the unknown mass?

Glider Glider

Air track

t45. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown. The
masses of the gliders are ml = 300 g
and m2 = 250 g. The connecting
string is cut and the compressed
string causes the two gliders to
separate from each other. If glider 1
has moved 35.0 cm from its starting
point, where is glider 2 located?

N6. Two balls, m1 = 100 g and m2 =
200 g, are suspended near each other
as shown. The two balls are initially
in contact. Ball 2 is then pulled away
so that it makes a 45.0° angle with
the vertical and is then released.
(a) Find the velocity of ball 2 just
before impact and the velocity of
each ball after the perfectly elastic
impact. (b) How high will each ball
rise?

t47. Two swimmers simultaneously dive
off opposite ends of a 200-lb boat. If
the first swimmer has a weight WI =
200 Ib and a velocity of 5.00 ftls
toward the right, while the second
swimmer has a weight W2 = 150lb
and a velocity of -3.00 ftls toward
the left, what is the final velocity of
the boat?

48. Two swimmers simultaneously dive
off opposite ends of a llO-kg boat. If
the first swimmer has a mass m1 =
66.7 kg and a velocity of 1.98 mls
toward the right, while the second
swimmer has a mass mz = 77.8 kg
and a velocity of -7.63 mls toward
the left, what is the final velocity of
the boat? <r

Mechanics



25. How long must a force of 5.00 N act on a block of 3.00-kg mass in order to give it a 
velocity of 4.00 m/s?  (N5)

26. A 10.0-g bullet is fired from a 5.00-kg rifle with a velocity of 300 m/s. What is the 
recoil velocity of the rifle? (7)

27. 10.  A cannon of 3.50 X 103 kg fires a shell of 2.50 kg with a muzzle speed of 300 
m/s. What is the recoil velocity of the cannon? 

28. 16. A boy kicks a football with an average force of 20.0 Ib for a time of 0.200 s. (a) 
What is the impulse?
(b) What is the change in momentum of the football? (c) If the football has a mass 
of 250 g, what is the velocity of the football as it leaves the kicker's foot?

29. 20. If a gas molecule of mass 5.30 X 10-26 kg and an average speed of 425 m/s 
collides perpendicularly with a wall of a room and rebounds at the same speed, 
what is its change of momentum? What impulse is imparted to the wall?

30. 21.  Two gliders moving toward each other, one of mass 200 g and the
other of 250 g, collide on a
frictionless air track. If the first
glider has an initial velocity of 25.0 cm/s toward the right and the second of - 35.0 
cm/s toward the left, find the velocities after the collision if the collision is perfectly 
elastic.

31. 25. A 150-g ball moving at a velocity of 25.0 cm/s to the right collides with a 250-g 
ball moving at a velocity of 18.5 cm/s to the left. The collision is imperfectly elastic 
with a coefficient of restitution of 0.65. Find (a) the velocity of each ball after the 
collision, (b) the kinetic energy

32. before the collision, (c) the kinetic energy after the collision, and (d) the percentage 
of energy lost in the collision.

33. 27. A II50-kg car traveling at 110
km/hr collides "head-on" with a 9500-kg truck traveling toward the car at 40.0 km/
hr. The car becomes stuck to the truck during the
collision. What is the final velocity of the car and truck?

34. 30. A 9500-kg freight car traveling at 5.50 km/hr collides with an 8000-kg stationary 
freight car. If the cars couple together, find the resultant velocity of the cars after 
the collision.

35. 33. A IO,OOO-kg truck enters an inter- section heading north at 45 km/hr when it 
makes a perfectly inelastic collision with a 1000-kg car traveling at 90 km/hr due 
east. What is the final velocity of the car and truck?

36. 34. Billiard ball 2 is at rest when it is hit with a glancing collision by ball 1 moving at 
a velocity of 50.0 cmls toward the right. After the collision ball 1 moves off at an 
angle of 35.0° from the original direction while ball 2 moves at an angle of 40.0°, 
as shown in the diagram. The mass of each billiard ball is 0.017 kg. Find the final 
velocity of each ball after the collision.

Momentum And Energy - Honors Summary! Name ___________________



37.

IJ t34. Billiard ball 2 is at rest when it is hit
with a glancing collision by ball 1
moving at a velocity of 50.0 cmls
toward the right. After the collision
ball 1 moves off at an angle of 35.0°
from the original direction while ball
2 moves at an angle of 40.0°, as
shown in the diagram. The mass of
each billiard ball is 0.017 kg. Find
the final velocity of each ball after
the collision. Find the kinetic energy
before and after the collision. Is the
collision elastic?

o 35. A 0.150-kg ball, moving at a speed of
25.0 mis, makes an elastic collision
with a wall at an angle of 40.0° , and
rebounds at an angle of 40.0°. Find
(a) the change in momentum of the
ball and (b) the magnitude and
direction of the momentum imparted
to the wall. The diagram is a view
from the top.

Additional Problems
t36. A 0.250-kg ball is dropped from a

height of 1.00 m. It rebounds to a
height of 0.750 m. If the ground
exerts a force of 300 N on the ball,
find the time the ball is in contact
with the ground.
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37. A 200-g ball is dropped from the top
of a building. If the speed of the ball
before impact is 40.0 mis, and right
after impact it is 25.0 cmls, find
(a) the momentum of the ball before
impact, (b) the momentum of the
ball after impact, (c) the kinetic
energy of the ball before impact,
(d) the kinetic energy of the ball
after impact, and (e) the coefficient
of restitution of the ball.

t38. A ball is dropped from a height of
1.00 m and rebounds to a height of
0.920 m. Approximately how many
bounces will the ball make before
losing 90% of its energy?

39. A 60.0-g tennis ball is dropped from
a height of 1.00 m. If it rebounds to
a height of 0.560 m, (a) what is the
coefficient of restitution of the tennis
ball and the floor, and (b) how much
energy is lost in the collision?

NO. A 25.0-g bullet strikes a 5.00-kg
ballistic pendulum that is initially at
rest. The pendulum rises to a height
of 14.0 cm. What is the initial speed
of the bullet?

41. A 25.0-g bullet with an initial speed
of 400 mls strikes a 5-kg ballistic
pendulum that is initially at rest.
(a) What is the speed of the
combined bullet-pendulum after the
collision? (b) How high will the
pendulum rise?

42. An 80-kg caveman, standing on a
branch of a. tree 5 m high, swings on
a vine and catches a 60-kg cavegirl
at the bottom of the swing. How high
will both of them rise?

N3. A hunter fires an automatic rifle at
an' attacking lion that weighs 300 lb.
If the lion is moving toward the
hunter at 10.0 ftls, and the rifle
bullets weigh 2.00 oz each and have
a muzzle velocity of 2500 ftls, how
many bullets must the man fire at
the lion in orc\er to st~p the lion in
his tracks?

t44. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown; m1
= 300 g and m2 is unknown. If the

connecting string is cut, the gliders
separate. Glider 1 experiences the
velocity VI = 10.0 cmls, and glider 2
experiences the velocity Vz = 20.0
cmls, what is the unknown mass?

Glider Glider

Air track

t45. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown. The
masses of the gliders are ml = 300 g
and m2 = 250 g. The connecting
string is cut and the compressed
string causes the two gliders to
separate from each other. If glider 1
has moved 35.0 cm from its starting
point, where is glider 2 located?

N6. Two balls, m1 = 100 g and m2 =
200 g, are suspended near each other
as shown. The two balls are initially
in contact. Ball 2 is then pulled away
so that it makes a 45.0° angle with
the vertical and is then released.
(a) Find the velocity of ball 2 just
before impact and the velocity of
each ball after the perfectly elastic
impact. (b) How high will each ball
rise?

t47. Two swimmers simultaneously dive
off opposite ends of a 200-lb boat. If
the first swimmer has a weight WI =
200 Ib and a velocity of 5.00 ftls
toward the right, while the second
swimmer has a weight W2 = 150lb
and a velocity of -3.00 ftls toward
the left, what is the final velocity of
the boat?

48. Two swimmers simultaneously dive
off opposite ends of a llO-kg boat. If
the first swimmer has a mass m1 =
66.7 kg and a velocity of 1.98 mls
toward the right, while the second
swimmer has a mass mz = 77.8 kg
and a velocity of -7.63 mls toward
the left, what is the final velocity of
the boat? <r

Mechanics

38.
39. 35. A 0.150-kg ball, moving at a speed of 25.0 mis, makes an elastic collision with 

a wall at an angle of 40.0° , and rebounds at an angle of 40.0°. Find (a) the 
change in momentum of the ball and (b) the magnitude and direction of the 
momentum imparted to the wall. The diagram is a view from the top.

40.

IJ t34. Billiard ball 2 is at rest when it is hit
with a glancing collision by ball 1
moving at a velocity of 50.0 cmls
toward the right. After the collision
ball 1 moves off at an angle of 35.0°
from the original direction while ball
2 moves at an angle of 40.0°, as
shown in the diagram. The mass of
each billiard ball is 0.017 kg. Find
the final velocity of each ball after
the collision. Find the kinetic energy
before and after the collision. Is the
collision elastic?

o 35. A 0.150-kg ball, moving at a speed of
25.0 mis, makes an elastic collision
with a wall at an angle of 40.0° , and
rebounds at an angle of 40.0°. Find
(a) the change in momentum of the
ball and (b) the magnitude and
direction of the momentum imparted
to the wall. The diagram is a view
from the top.

Additional Problems
t36. A 0.250-kg ball is dropped from a

height of 1.00 m. It rebounds to a
height of 0.750 m. If the ground
exerts a force of 300 N on the ball,
find the time the ball is in contact
with the ground.
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37. A 200-g ball is dropped from the top
of a building. If the speed of the ball
before impact is 40.0 mis, and right
after impact it is 25.0 cmls, find
(a) the momentum of the ball before
impact, (b) the momentum of the
ball after impact, (c) the kinetic
energy of the ball before impact,
(d) the kinetic energy of the ball
after impact, and (e) the coefficient
of restitution of the ball.

t38. A ball is dropped from a height of
1.00 m and rebounds to a height of
0.920 m. Approximately how many
bounces will the ball make before
losing 90% of its energy?

39. A 60.0-g tennis ball is dropped from
a height of 1.00 m. If it rebounds to
a height of 0.560 m, (a) what is the
coefficient of restitution of the tennis
ball and the floor, and (b) how much
energy is lost in the collision?

NO. A 25.0-g bullet strikes a 5.00-kg
ballistic pendulum that is initially at
rest. The pendulum rises to a height
of 14.0 cm. What is the initial speed
of the bullet?

41. A 25.0-g bullet with an initial speed
of 400 mls strikes a 5-kg ballistic
pendulum that is initially at rest.
(a) What is the speed of the
combined bullet-pendulum after the
collision? (b) How high will the
pendulum rise?

42. An 80-kg caveman, standing on a
branch of a. tree 5 m high, swings on
a vine and catches a 60-kg cavegirl
at the bottom of the swing. How high
will both of them rise?

N3. A hunter fires an automatic rifle at
an' attacking lion that weighs 300 lb.
If the lion is moving toward the
hunter at 10.0 ftls, and the rifle
bullets weigh 2.00 oz each and have
a muzzle velocity of 2500 ftls, how
many bullets must the man fire at
the lion in orc\er to st~p the lion in
his tracks?

t44. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown; m1
= 300 g and m2 is unknown. If the

connecting string is cut, the gliders
separate. Glider 1 experiences the
velocity VI = 10.0 cmls, and glider 2
experiences the velocity Vz = 20.0
cmls, what is the unknown mass?

Glider Glider

Air track

t45. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown. The
masses of the gliders are ml = 300 g
and m2 = 250 g. The connecting
string is cut and the compressed
string causes the two gliders to
separate from each other. If glider 1
has moved 35.0 cm from its starting
point, where is glider 2 located?

N6. Two balls, m1 = 100 g and m2 =
200 g, are suspended near each other
as shown. The two balls are initially
in contact. Ball 2 is then pulled away
so that it makes a 45.0° angle with
the vertical and is then released.
(a) Find the velocity of ball 2 just
before impact and the velocity of
each ball after the perfectly elastic
impact. (b) How high will each ball
rise?

t47. Two swimmers simultaneously dive
off opposite ends of a 200-lb boat. If
the first swimmer has a weight WI =
200 Ib and a velocity of 5.00 ftls
toward the right, while the second
swimmer has a weight W2 = 150lb
and a velocity of -3.00 ftls toward
the left, what is the final velocity of
the boat?

48. Two swimmers simultaneously dive
off opposite ends of a llO-kg boat. If
the first swimmer has a mass m1 =
66.7 kg and a velocity of 1.98 mls
toward the right, while the second
swimmer has a mass mz = 77.8 kg
and a velocity of -7.63 mls toward
the left, what is the final velocity of
the boat? <r

Mechanics

41. 37. A 200-g ball is dropped from the top of a building. If the speed of the ball before 
impact is 40.0 mis, and right after impact it is 25.0 cmls, find

42. (a) the momentum of the ball before impact, (b) the momentum of the ball after 
impact, (c) the kinetic energy of the ball before impact,

43. (d) the kinetic energy of the ball after impact, and (e) the coefficient of restitution of 
the ball.

44. 40. A 25.0-g bullet strikes a 5.00-kg ballistic pendulum that is initially at rest. The 
pendulum rises to a height of 14.0 cm. What is the initial speed of the bullet?
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45.

IJ t34. Billiard ball 2 is at rest when it is hit
with a glancing collision by ball 1
moving at a velocity of 50.0 cmls
toward the right. After the collision
ball 1 moves off at an angle of 35.0°
from the original direction while ball
2 moves at an angle of 40.0°, as
shown in the diagram. The mass of
each billiard ball is 0.017 kg. Find
the final velocity of each ball after
the collision. Find the kinetic energy
before and after the collision. Is the
collision elastic?

o 35. A 0.150-kg ball, moving at a speed of
25.0 mis, makes an elastic collision
with a wall at an angle of 40.0° , and
rebounds at an angle of 40.0°. Find
(a) the change in momentum of the
ball and (b) the magnitude and
direction of the momentum imparted
to the wall. The diagram is a view
from the top.

Additional Problems
t36. A 0.250-kg ball is dropped from a

height of 1.00 m. It rebounds to a
height of 0.750 m. If the ground
exerts a force of 300 N on the ball,
find the time the ball is in contact
with the ground.
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37. A 200-g ball is dropped from the top
of a building. If the speed of the ball
before impact is 40.0 mis, and right
after impact it is 25.0 cmls, find
(a) the momentum of the ball before
impact, (b) the momentum of the
ball after impact, (c) the kinetic
energy of the ball before impact,
(d) the kinetic energy of the ball
after impact, and (e) the coefficient
of restitution of the ball.

t38. A ball is dropped from a height of
1.00 m and rebounds to a height of
0.920 m. Approximately how many
bounces will the ball make before
losing 90% of its energy?

39. A 60.0-g tennis ball is dropped from
a height of 1.00 m. If it rebounds to
a height of 0.560 m, (a) what is the
coefficient of restitution of the tennis
ball and the floor, and (b) how much
energy is lost in the collision?

NO. A 25.0-g bullet strikes a 5.00-kg
ballistic pendulum that is initially at
rest. The pendulum rises to a height
of 14.0 cm. What is the initial speed
of the bullet?

41. A 25.0-g bullet with an initial speed
of 400 mls strikes a 5-kg ballistic
pendulum that is initially at rest.
(a) What is the speed of the
combined bullet-pendulum after the
collision? (b) How high will the
pendulum rise?

42. An 80-kg caveman, standing on a
branch of a. tree 5 m high, swings on
a vine and catches a 60-kg cavegirl
at the bottom of the swing. How high
will both of them rise?

N3. A hunter fires an automatic rifle at
an' attacking lion that weighs 300 lb.
If the lion is moving toward the
hunter at 10.0 ftls, and the rifle
bullets weigh 2.00 oz each and have
a muzzle velocity of 2500 ftls, how
many bullets must the man fire at
the lion in orc\er to st~p the lion in
his tracks?

t44. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown; m1
= 300 g and m2 is unknown. If the

connecting string is cut, the gliders
separate. Glider 1 experiences the
velocity VI = 10.0 cmls, and glider 2
experiences the velocity Vz = 20.0
cmls, what is the unknown mass?

Glider Glider

Air track

t45. Two gliders on an air track are
connected by a compressed spring
and a piece of thread as shown. The
masses of the gliders are ml = 300 g
and m2 = 250 g. The connecting
string is cut and the compressed
string causes the two gliders to
separate from each other. If glider 1
has moved 35.0 cm from its starting
point, where is glider 2 located?

N6. Two balls, m1 = 100 g and m2 =
200 g, are suspended near each other
as shown. The two balls are initially
in contact. Ball 2 is then pulled away
so that it makes a 45.0° angle with
the vertical and is then released.
(a) Find the velocity of ball 2 just
before impact and the velocity of
each ball after the perfectly elastic
impact. (b) How high will each ball
rise?

t47. Two swimmers simultaneously dive
off opposite ends of a 200-lb boat. If
the first swimmer has a weight WI =
200 Ib and a velocity of 5.00 ftls
toward the right, while the second
swimmer has a weight W2 = 150lb
and a velocity of -3.00 ftls toward
the left, what is the final velocity of
the boat?

48. Two swimmers simultaneously dive
off opposite ends of a llO-kg boat. If
the first swimmer has a mass m1 =
66.7 kg and a velocity of 1.98 mls
toward the right, while the second
swimmer has a mass mz = 77.8 kg
and a velocity of -7.63 mls toward
the left, what is the final velocity of
the boat? <r

Mechanics

46. 42. An 80-kg caveman, standing on a branch of a.tree 5 m high, swings on a vine 
and catches a 60 kg cave-girl at the bottom of the swing.  How high will both of 
them rise?

47. 62. A 25-g ball slides down a smooth inclined plane, 0.850 m high, that makes an 
angle of 35.0° with the horizontal. The ball slides into an open box of 200-g mass 
and the ball and box slide off the end of a table

48. 1.00 m high. How far from the base of the table will the combined ball and box hit 
the ground?

49.

t49. Show that the kinetic energy of a

moving body can be expressed in

terms of the linear momentum as KE

= p2/2m.
t50. A machine gun is mounted on a

small train car and fires 100 bullets

per minute backward. If the mass of
each bullet is 10.0 g and the speed of

each bullet as it leaves the gun is

900 mis, find the average force
exerted on the gun. If the mass of the
car and machine gun is 225 kg, what

is the acceleration of the train car

while the gun is firing?

t51. An open toy railroad car of mass 250

g is moving at a constant speed of 30

cmls when a wooden block of 50 g is
dropped into the open car. What is

the final speed of the car and block?

t52. Masses m1 and m2 are located on the

top of the two frictionless inclined

planes as shown in the diagram. It is
given that m1 = 30.0 g, m2 = 50.0

g, 11 = 50.0 cm, 12 = 20.0 cm, I =

100 cm, 01 = 50.0°, and O2 = 25.0°.

Find (a) the speeds III and 112 at the

bottom of each inclined plane, note

that ball 1 reaches the bottom of the

plane before ball 2; (b) the position

between the planes where the masses

will collide elastically; (c) the speeds

of the two masses after the collision;

and (d) the final locations I; and I;
where the two masses will rise up the

plane after the collision.

•
I I
·-....-/~I

t53. The mass m1 = 40.0 g is initially

located at a height hI = 1.00 m on

the frictionless surface shown in the

diagram. It is then released from rest

and collides with the mass m2 = 70.0

g, which is at rest at the bottom of

the surface. After the collision, will

the mass m2 make ·it over the top of

the hill at position B, which is at a
height of 0.500 m?

Chapter 8 Momentum and Its Conservation

t54. Two balls of mass ml and m2 are

placed on a frictionless surface as

shown in the diagram. Mass m1 =

30.0 g is at a height hI = 50.0 cm

above the bottom of the bowl, while

mass m2 = 60.0 g is at a height of

3/4 hi. The distance 1= 100 cip.

Assuming that both balls reach the

bottom at the same time, find (a) the

speed of each ball at the bottom of

each surface, (b) the position where

the two balls collide, (c) the speed of

each ball after the collision, and

(d) the height that each ball will rise

to after the collision.

t55. A person is in a small train car that

weighs 500 lb and contains 500 lb of

rocks. The train is initially at rest.

The person starts to throw large

rocks, each weighing 100 lb, from the

rear of the train at a speed of 5.00

ft/s. (a) If the person throws out I
rock what will the recoil velocity of

the train be? The person then throws

out another rock at the same speed.

(b) What is the recoil velocity now?

(c) The person continues to throw out

the rest of the rocks one at a time.

What is the final velocity of the train

when all the rocks have been thrown

out?

t56. A bullet of mass 20.0 g is fired into a

block of mass 5.00 kg that is initially

at rest. The combined block and

bullet moves a distance of 5.00 m

over a rough surface of coefficient of

kinetic friction of 0.500, before

coming to rest. Find the initial

velocity of the bullet.

t57. A bullet of mass 20.0 g is fired at an

initial velocity of 200 mls into a
15.0-kg block that is initially at rest.

The combined bullet and block move

over a rough surface of coefficient of

kinetic friction of 0.500. How far will

the combined bullet and block move

before coming to rest?

58. A 15.0-kg bullet moving at a speed

of 250 mls hits a 2.00-kg block of
wood, which is initially at rest. The

bullet emerges from the block of

wood at 150 m/s. Find (a) the final
velocity of the block of wood and

(b) the amount of energy lost in the

collision.

t59. A 5-kg pendulum bob, at a height of

0.750 m above the floor, swings down

to the ground where it hits a 2.15 kg

block that is initially at rest. The

block then slides up a 30.0° incline.

Find how far up the incline the block

will slide if (a) the plane is

frictionless and (b) if the plane is

rough with a value of µk = 0.450.

t60. A 0.15-kg baseball is thrown upward

at an initial velocity of 35.0 m/s.
Two seconds later, a 20.0-g bullet is

fired at 250 mls into the rising
baseball. How high will the combined

bullet and baseball rise?

t61. A 25-g ball slides down a smooth

inclined plane, 0.850 m high, that

makes an angle of 35.0° with the

horizontal. The ball slides into an

open box of 200-g mass and the ball

and box slide on a rough surface of

µk = 0.450. How far will the

combined ball and box move before

coming to rest?

t62. A 25-g ball slides down a smooth

inclined plane, 0.850 m high, that

makes an angle of 35.0° with the

horizontal. The ball slides into an

open box of 200-g mass and the ball

and box slide off the end of a table

1.00 m high. How far from the base

of the table will the combined ball

and box hit the ground?
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50.
51. 63. A 1300-kg car collides with a 15,000-kg truck at an intersection and they 

couple together and move off as one leaving a skid mark 5 m long that makes an 
angle of 30.00 with the original direction of the car. If Ilk = 0.700, find the initial 
velocities of the car and truck before the collision.

52.

t63. A 1300-kg car collides with a

15,000-kg truck at an intersection

and they couple together and move

off as one leaving a skid mark 5 m

long that makes an angle of 30.0
0

with the original direction of the car.

If Ilk = 0.700, find the initial

velocities of the car and truck before

the collision.

64. A bomb of mass M = 2.50 kg,

moving in the x-direction at a speed

of 10.5 mis, explodes into three

pieces. One fragment, m. = 0.850

kg, flies off at a velocity of 3.5 mls at

an angle of 30.0
0
above the x-axis.

Fragment m2 = 0.750 kg, flies off at

an angle of 43.5
0
below the positive

x-axis, and the third fragment flies

off at an angle of 150
0
with respect

to the positive x-axis. Find the

velocities of m2 and m3.

Interactive Tutorials

~ 65. Recoil velocity of a gun. A bullet of

mass mb = 10.0 g is fired at a

velocity Vb = 300 mls from a rifle of

mass mr = 5.00 kg. Calculate the

recoil velocity Vr of the rifle. If the

bullet is in the barrel of the rifle for

t = 0.004 s, what is the bullet's

acceleration and what force acted on

the bullet? Assume the force is a

constant.
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~ 66. An inelastic collision. A car of mass

m1 = 1000 kg is moving at a velocity

VI = 50.0 mls and collides

inelastically with a car of mass m2 =
750 kg moving in the same direction

at a velocity of V2 = 20.0 m/s.
Calculate (a) the final velocity Vf of

both vehicles; (b) the initial

momentum Pi; (c) the final
momentum Pf; (d) the initial kinetic

energy KEi; (e) the final kinetic

energy KEf of the system; (f) the
energy lost in the collision t:.£; and
(g) the percentage of the original

energy lost in the collision, %£Iost.

~67. A perfectly elastic collision. A mass,

m1 = 3.57 kg, moving at a velocity,

VI = 2.55 mis, overtakes and

collides with a second mass, m2 =
1.95 kg, moving at a velocity V2 =
1.35 m/s. If the collision is perfectly

elastic, find (a) the velocities after

the collision, (b) the momentum

before the collision, (c) the

momentum after the collision, (d) the

kinetic energy before the collision,

and (e) the kinetic energy after the

~ 68. collision.

An imperfectly elastic collision. A

mass, m = 2.84 kg, is dropped from

a height ho = 3.42 m and hits a

wooden floor. The mass rebounds to a

height h = 2.34 m. If the collision is

imperfectly elastic, find (a) the

velocity of the mass as it hits the

floor, Vii; (b) the velocity of the mass

after it rebounds from the floor, Vii;

(c) the coefficient of restitution, e;
(d) the kinetic energy, KEA, just as

the mass approached the floor;

(e) the kinetic energy, KEs, after the

separation of the mass from the floor;

(f) the actual energy lost in the

collision; (g) the percentage of energy

lost in the collision; (h) the

momentum before the collision; and

(i) the momentum after the collision.

~69. An imperfectly elastic collision-the

bouncing ball. A ball of mass, m =
1.53 kg, is dropped from a height ho

= 1.50 m and hits a wooden floor.

The collision with the floor is

imperfectly elastic and the ball only

rebounds to a height h = 1.12 m for

the first bounce. Find (a) the initial

velocity of the ball, Vi, as it hits the

floor on its first bounce; (b) the

velocity of the ball Vf, after it

rebounds from the floor on its first

bounce; (c) the coefficient of

restitution, e; (d) the initial kinetic

energy, KE;, just as the ball

approaches the floor; (e) the final

kinetic energy, KEf, of the ball after

the bounce from the floor; (f) the
actual energy lost in the bounce,

E1ost/bounce; and (g) the percentage

of the initial kinetic energy lost by

the ball in the bounce, %E1ost/bounce.

The ball continues to bounce until it

loses all its energy. (h) Find the

cumulative total percentage energy

lost, % Energy lost, for all the

bounces. (i) Plot a graph of the % of

Total Energy lost as a function of the

number of bounces.

~ 70. A variable mass system. A train car

of mass mT = 1500 kg, contains 35

rocks each of mass mr = 30 kg. The

train is initially at rest. A man

throws out each rock from the rear of

the train at a speed Vr = 8.50 m/s.
(a) When the man throws out one

rock, what will the recoil velocity, VT,
of the train be? (b) What is the

recoil velocity when the man throws

out the second rock? (c) What is the

recoil velocity of the train when the

nth rock is thrown out? (d) If the
man throws out each rock at the rate

R = 1.5 rocksls, find the change in

the velocity of the train and its

acceleration. (e) Draw a graph of the

velocity of the train as a function of

the number of rocks thrown out of

the train. (f) Draw a graph of the

acceleration of the train as a function

of time.

Mechanics
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53. 64. Abomb ofmass M = 2.50 kg, moving in the x-direction at a speed of 10.5 mis, 
explodes into three
pieces. One fragment, m. = 0.850
kg, flies off at a velocity of 3.5 mls at an angle of 30.00 above the x-axis. Fragment 
m2 = 0.750 kg, flies off at an angle of 43.50 below the positive x-axis, and the third 
fragment flies off at an angle of 1500 with respect
to the positive x-axis. Find the velocities of m2 and m3.
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