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@You have been asked to analyze a collision at a raffic inter- 16. Bill’s job is to lift bags of flour and place them in the back
section. Will you be better off to begin your analysis using of a truck, which is parked right next to him. Sally is load-
conservation of momentum or conservation of kinetic en- ing the same bags of flour into a similar truck that is lo-
ergy? Why? cated 10 meters away. Sally wants a raise because she says

that she is doing more work than Bill. Does the physics

4. A ts car with s of 1200 kilograms travels d th .. .
SpOris car withh 2 mass o Lograms trave's cown te definition of work support her claim?

road with a speed of 20 meters per second. Why can’t we say
that its momentum is smaller than its kinetic energy? 17. An object has a velocity toward the south. If a force is
directed toward the north, will the kinectic energy of the
object inittally increase, decrease, or stay the same?
Explain.

5. Ifa system has zero kinetic energy, does it necessarily have
zero momentum? Give an example to illustrate your answer.

6. If a system has zero momentum, does it necessarily have
zero kinetic energy? Give an example to illustrate your
answer,

18. A bowling ball is rolling.directly north along a smooth
floor. Using a hammer, you tap the ball such that the force

is directed east. How does the tap affect the ball's kinetic
7. Which has the greater kinetic energy, a supertanker berthed energy or its momeneum?

at a pier or a motorboat pulling a water skier? Why? .
P P 8 Y *19. In tryouts for the national bobsled team, each compet-

8. Two cars have the same mass, but the red car has twice the ing team pushes a sled along a level, smooth surface for
speed of the blue car. We now know that the red car has 5 meters. One team brings a sled that is much lighter
gimes the kinetic energy of the blue car. than al! the others. Assuming that this team pushes with
.Assume that a minivan has a mass of 2000 kilograms and a the same forlce as the others, compare the kinetic en-
sports car has a mass of 1000 kilograms. If both vehicles are ergy of the light sled to that of the others after 5 me-
traveling at the same speed, which vehicle has the higher ters. Compare the momentum of th? Light sled to,that
Kinetic eniergy? Why? f:'f the others after 5 meters. (Hint: Think about the dmes
invoeived.}

10. Ifthe sports carin the Question 9 has twice the speed of the

minivan, which vehicle has the higher kinetic energy? Why? *20. Suppose the rules were changed in Question 19 so that
the teams pushed for a fixed time of 5 seconds rather than

1. A silver Camry is driving on the freeway at a constant a fixed distance of 5 meters. Compare the momentum of
70 mph. An identical Camry, but white in color, is on the the light sled to that of the others after 5 seconds. Com-
on-rarp and is speeding up at a rate of 5 mph per second. pare the kinetic energy of the light sled to that of the
Compare their kinetic energies at the instant the white others after 5 seconds. {Hint: Think about the distances
Camry reaches 70 mph. involved.)

B

2. Ajetis circling above the Salt Lake City airport at constant
speed and elevation. How does the jet’s kinetic energy
cha‘ngc, if at all, as it circles? How does the jet’s momentum
change, if at all, as it circles?

21. The tractor of an 18-whecler performs work on its trailer
when the truck is traveling along a level highway with a
constant velocity. Why docesn't the trailer continually gain
kinetic energy-—that is, continually speed up?.

[3. Whatwill happen if you pull two balls from the same side of @fhe Chandra X-ray satellite orbits the Farth in a highly el-
the collision-ball apparatus in Figure 7-1 and let them go? liptical orbit, as shown in the figure. The force that Farth

I4. What will happen if the end balls of the collision-ball ap- exerts on the satellite is always directed toward Earth. Is
paratus in Figure 7-1 are pulled out the same distances and the satellite’s kinetic energy increasing, decreasing, or
let go? staying the same at each of the points indicated? Explain

your reasoning. (Note; The velocity vectors on the figure

I5. A bowler lifts a bowling ball from the floor and places it are not drawn to scale.)

on a rack. If you know the weight of the ball, what else
must you know in order to calculate the work he does on
the ball?

Larry . Kirkpawick
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Two forces are used to move a block 2 meters across a level
surface as shown. Is the work done by force A greater
than, equal to, or less than the work done by force B?
{Note: The force vectors are drawn (o scale.)

Tiwo forces are used to move a block 2 meters across a level
surface as shown. s the work done by force A greater
than, equal 1o, or less than the work done by force B?
{Note: The force vectors are drawn to scale.)

A 4

We can use Newton's third law to demonstrate that the
momenturn lost by one object is gained by unother. Can
you also do this for kinetic energy? Explain why or why not.

Is it possible to change an object’s momentum without
changing its kinetic energy? What about the reverse
situation?

Which of the following, if either, does more work: a force
of b newtons acting through a distance of 5 meters or a
force of 4 newtons acting through a distance of 7 meters?

Which of the following, if either, produces the larger
change in the kineric energy: a force of 6 newtons acting
through a distance of 3 meters or a force of 3 newtons act-
ing through a distance of 6 meters?

On a test, the physics teacher asks, “What is the gravita-
tional potential energy of a 10-newton ball resting on a
shelf 2 meters above the floor?” Jamie got no points for re-
sponding that the answer was zero. What argument could
Jamie use to convince the teacher that zero could be the
right answer?

s the firefighter in the picture slides down the pole, he

initially speeds up to some terminal velocity, which he
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maintains until reaching the bottom. Gravitational poten-
tial energy is constantly decreasing during this process.
Where does it go?

The kinetic energy of a free-falling ball is not conserved,
Why is this not a violation of the law of conservation of me-
chanical energy?

Which of the following is conserved as a ball falls frecly in a
vacuum: the ball’s kinctic energy, gravitational potential
cnergy, momentn, or mechanical encrgy?

twhich pointin the swing of an idcal pendulum (ignoring
friction) is the gravitational potential energy at ils maxi-
mum? At which point is the kinetic energy at its maximum?

As an ideal pendulum (ignoring friction) swings from the
bottom to the top of its arc, the siring is always exerting a
force on the ball. Why then is the gravitational potential
energy at the top not greater than the kinetic energy at the
bottom?

Ifwe do notignore frictional {forces, what can you say about
the height to which a pendulum bob swings on consecutive
swings?

A block of wood, released from rest, loses 100 joules of
gravitational potential energy as it slides down a ramp. If it
has 90 joules of kinetic energy at the bottom of the ramp,
what can you conclude?

Describe the energy transformations that occur as a satel-
lite orbits Earth in a highly elliptical orbit.
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EXERCISES

. What is the kinetic energy of a 1400-kg sports car traveling
down the road with a speed Of 30 m/s?

2. What is the kinetic energy of an 87-kg sprinter running at
9 m/s?

@In reviewing her lab book, a physics student finds the foi-

lowing description of a collision: “A 4-kg air-hockey puck
with an initial speed of 6 m/s to the right collided head-on
with a 1-kg puck moving to the left at the same speed. Alter
the collision, both pucks traveled to the right, the 4-kg puck
at 2 m/s and the 1-kg puck at 10 m/s.” [s momentum con-
served in this description? Is kinetic energy conserved in
this description? Could this collision actually have taken
place as described?

4. In reviewing his lab book, a physics student finds the fol-
lowing description of a collision: “A 4-kg air-hockey puck
with an initial speed of 6 m/s to the right collided head-on
with a 1-kg puck moving to the left at the same speed. After
the collision, both pucks traveled to the right, the 4-kg puck
at 3 m/s and the 1-kg puck at 12 m/s.” Is momentum con-
served in this description? Is kinetic energy conserved in
this description? Could this collision actually have taken
place as described?

5. A 3-kg toy car with a speed of 6§ m/s collides head-on with
a 2-kg car traveling in the opposite direction with a speed
of 4 m/s. If the cars are locked together afier the collision
with a speed of 2 m/s, how much kinetic energy 1s lost?

A kg toy car with a speed of & m/s collides head-on with
astationary 1-kg car. After the collision, the cars are locked
together with a speed of 4 m/s. How much kinetic encrgy
is Jost in the collision?

7. A 0.5-kg air-hockey puck is initially at rest. W]'n( will its ki-
netic energy be after a net force of 0.8 N acts on it for a dis-
tance of 2 m?

8. A 20-N block lifted straight upward by a hand applying a
force of 20 N has an initial kinetic energy of 16 J. If the
block is lifted 1 m, how much work does the hand do? What
is the block’s final kinetic energy?

9 A radio-conirolled car increases its kinetic energy from 4]
to 12 J over a distance of 2 m. What was the average net
force on the car during this interval?

10. A toy car has a kinetic energy of 12 J. What is its kinetic en-
ergy after a frictional force of 0.6 N has acted on it for 5 m?

l1. Earih, which orbits the Sun in an elliptical path, reaches
its closesi point to the Sun on about January 4 each year.
Will the work done by the gravitational force of the Sun
on Earth be positive, negative, or zero over the next six

/ months? Over the next year?

How much work is performed by the gravitational force on
a satellite in near-Earth orbit during one revolution?

13. How much work does a 535-kg person do against gravity in
walking up a trail that gains 79 m in elevation?

14. A woman with a mass of 65 kg climbs a set of stairs that are
3 m high. How much gravitational potential energy does
she gain?

3m

A baseball (mass = 145 g) is thrown straight upward with
kiretic energy 8.7 . When the ball has risen’ 6 m, lind

{a} the work done by gravity, () L}u, ball’s kinetic encrgy,
and {c} thc ball’s specd.

16. What is the gravitational potential tnmg}f of a ball with a
weight of 50 N when it is sitting on a shelf 1.5 m above the

floor? What assumption do you need to make to get your

answer?

17. If a 0.5-kg ball is dropped from a height of 6 m, what is its
kinetic energy when it hits the ground?

8. A 2-kg block is released from rest at the top of a 20-m-long
frictionless ramp that is 4 m high. At the same time, an
identical block is released next to the ramp so that it drops
straight down the same 4 m. What are the values for each
of the following for the blocks just before they reach
ground level? Which quantities are the same for the wo
blocks?

a. Gravitational potential energy
b. Kinelic energy

<. Speed

d. Momentum?

19. A 1200-kg frictionless roller coaster starts from rest at a
height of 24 m. What is its kinetic energy when it goes over
a hill that is 12 m high?

b




20. You reach out the second-story window that is 5 m above
the sidewalk and throw a 0.1-kg ball straight upward with
6 ] of kinetic energy.

a. What is the ball’s gravitational potential energy when it
is released?

b. What is the ball's gravitational potential energy just be-
fore hitting the sidewalk?

<. What is the ball’s kinetic energy just hefore hitting the
sidewalkr

d. How would the answer to part (¢) change if the ball had
initially been thrown straight down with 6 J of kinetic
energy?
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What average power does a weightlifier need to lift 300 1b
a distance of 4 ftin 0.8 s?

. Il'an B0-kg sprinter can accelerate from a standing start to

aspeed of 10 m/s in 3 s, what average power is generated?

If a CD player uses electricity at a rate of 15 W, how much
energy does it use during an 8-h day?

If a hair dryer is rated at 1500 W, how much energy does it
require in b min?

For additional readings, explore InfoTrac College Edition, your online
library. Go to htip://www.infotrac-college.com/wadsworth and use the
passcode that came on the card with your book. Try these search terms:
antilock braking, bungee jump, energy conservadion and physics,
exponential growth, Grand Coulee Dam, human-powered, population
clock, Richard Feynman, roller coasters and physics, wind energy, wind

power, world population.
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