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Both energy and work are equal to the product of power and time. Power
3 is the time rate of doing work. A power company is always ready to supply
electrical energy to its customers, but unless the energy is used, no work

is done, and thus no energy is consumed. A 60-watt incandescent lamp
operating for two seconds consumes twice as much energy as the same
lamp operating for one second. The power company charges its customers
for watteseconds of energy or kilowattehours of energy rather than watts
of power. One kilowattehour is equal to 1000 watts X 3600 seconds or -

3.6 X 10° joules of energy. The kilowatt®hour meter found in a home or
place of business records the total energy used by the consumer.

Does a power company sell power? __ B g
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Vocabulary

battery |  internal energy ~ potential energy
compression o joule e | -j : o 'K power | .
elastic potential energy ',klnetlc energy . . - -~5|mp|e pendulum'
electromagnetic energy : ~ law of conservatlon of o .-:sprmg constant
'elongatlon " o SREOY ~ thermal energy
energy mechanical energy. total energy
generator motpr g watt

graQ\itatiohal potential nonideal mechanical system

energy , _nhuclear energy

ideal mechanical 'sy'stem photocell |

Work and Energy

Energy is the ability to do work. Energy is a scalar quantity. When work is
done on or by a system, the total energy of the system is changed.

Work

Work is the transfer of energy to an object when the object moves due to
the application of a force. The force can be entirely in the direction of the
object’s motion or have a component in the direction of the motion. Work

is a scalar quantity. The amount of work done, W, is equal to the product
of the force, F, along the direction of displacement, and the displacement d,

of the object. The work done on the object produces a change in the object’s
total energy, AET:

W = Fd = AE; ®

The force F is in newtons and the displacement d is in meters. Thus, the
work W or change in total energy AET can be expressed with the unit
newton . meter. However, notice in the expressions below that 1 newton .
meter equals 1 joule.

1 newton - meter = (1 kilogram . meter/ second?) (meter)
1 newton . meter = 1 kilogram . meter?/second? = 1 joule

The joule, J, is a derived unit equal to the work done on an object when a
force of one newton produces a displacement of one meter. Note that the
amount of work done is independent of the time the force acts on the

object.

When a force is applied to a mass, but the mass does not move, no work
is done. If a student was to hold an object at a constant height above the
ground, no work would be done no matter how heavy the object might be

and how much effort the student expended.
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_SAMPLE PROBLEM e

A 2.3-kilogram block rests on a horizontal surface.
A constant force with a magnitude of 5.0 newtons is

applied to the block at an angle of 30.° to the horizontal, |
D
O

“as shown in the diagram. The diagram is drawn to scale. .
27
6o
2.3 kg |
R A O e B T o S D R o A T A e e O R T o o Kl o P L O R ey Ao 00
____Horizontal

SOLUTION: Calculate the work done in moving the block 2.0 meters to the right along the surface.

Known j Unknown 2. Use the formula that defines work to calculate
F=5.0N F,=?2N | the work done. i
m = 2.3 kg W=7?7J] | W .= Fd

d=20m

3. Substitute the known values and solve.

1. Find the component of the applied force that W= (43 N)2.0m) =86

is in the x-direction, that is, in the direction of
the displacement. There are two ways to do |
this. |

(a) Use the trigonometic relationship
Fy = Fcos 6. Substitute the known
values and solve.

F, = (5.0 N)(cos 30.°) = 4.3 N

(b) Determine the scale in the diagram:
1.0 cm = 1.0.N. Project the 5.0-newton
force onto the horizontal dashed line in
the diagram and measure the line seg-
ment. This is the component of the applied
force in the direction of motion, 4.3 N.

Power The rate at which work is done is a scalar quantity called power.
By definition, power P is given by the formula P = *. However, W = Fd
and U = 4. Therefore, the formula can be rewritten as follows:

LW

t t

' F'is the force applied to an object that causes it to move with an

average speed V. If work W is in joules and time ¢ is in seconds, then
power can be expressed in joules per second. One joule of work done
per second equals one watt, W, the SI derived unit for power. If 1 watt =
1 joule/second and 1 joule = 1 kilogram . meter?/second?, then 1 watt =
1 kilogram . meter?/second?/second = 1 kilogram . meter?/second?.

(Do not confuse the symbol W, which is used for the guantity of work, with
the abbreviation W for the unit watt.)

Because power is inversely proportional to time, the less time required to
do a given amount of work, the greater the power developed. For example,
as the length of time it takes a student to swim 25 meters decreases, the

- power developed by the student increases.

From the definition of power, P = % it follows that W = Pf. Thus, one watt

-of power used for one second transfers one joule of energy or does one
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joule of work. One joule is equivalent to one watt . second, and energy
can be measured in watt . seconds. Electric utility companies charge their
customers for kilowatt - hours of energy rather than for watts of power,

_SAMPLE PROBLEM

A 7.80 X 102-newton man does 8.58 x 103 joules of work in 12.3 seconds by running up three flights of
stairs to a landing vertically above his starting point. Calculate the power developed by the man during his
run and his total vertical displacement.

e e o e 1 ¥ Ve S Y T

SOLUTION: Identify the known and unknown values.

Known Unknown | . 3. To find the displacement, use the formula that
F,=7.80 X 10° N P=17?IJlsor W defines work.
W = 8.58 X 103 d=7?m W = Fd
t=12.3s | | . Solve the equation for d.
1. Write the formula that defines power. | v w
W F

G it | 4. Substitute the known values and solve.

2. Substitute the known values and solve. . 858 x10° ] e
G d —— — 11.
P:8.58><1OJ=698W 7.80>§10 N
12.3S
_SAMPLE PROBLEM

A constant horizontal force of 6.0 newtons to the left is applied to a box on a

counter to overcome friction. Calculate the power dissipated in moving the box
3.0 meters to the left along the counter in 1.5 seconds.

SOLUTION: Identify the known and unknown values.

Known \ Unknown 1. Write the formula that defines power.
F=6.0N P=?2W | \ o Fd
d=3.0m | G ,
(s 28 2. Substitute the known values and solve.
6.0 N)(3.0m '
P = ( )( ) = 12 W
15 S

_SAMPLE PROBLEM

In raising an object vertically at a constant speed of 2.0 meters per second,
the power developed is 18 watts. Calculate the welght of the object

SOLUTION: Identlfy the known and unknown values

Known Unknown 3. Substitute the known values and solve.
v=2.0m/s F,=?N :
iy |
P=18 W | E— iehd = 9.0N
: 2.0 m/s
1. Write the formula for power.

S . Because the object is raised at constant speed,
_ . 1tis in equilibrium. The force required to raise
2. Solve the equation for F. ~ the object is equal in magnitude but opposite in
p . direction to F,, the weight of the object.

F=— L
|74
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. Which combination of units can be used to
express work?

(1) newton - second/meter
(2) newton - meter/second
(3) newton/meter

(4) newton - meter

. A jack exerts a vertical force of 4.5 x 103
newtons toraise a car 0.25 meter. How much
work is done by the jack?

(1) 5.6 X 10°2)
(2) 1.1 x 103 )
(3) 4.5 X 103 J
(4) 1.8 X 104

. If a 2.0-kilogram mass is raised 0.050 meter
vertically, the work done on the mass is
approximately

(1) 0.10J
(2) 0.98 )
(3) 9.8
(4) 40.)

. A total of 640 joules of work is done on a
50.-kilogram object as it is moved 8.0 meters
across a level floor by the application of a
horizontal force. Determine the magnitude
of the horizontal force applied to the
object. ~

. Work is being done when a force

(1) acts vertically on a cart that can only move

horizontally

(2) is exerted by one team in a tug of war when

there is no movement
(3) is exerted while pulling a wagon up

a hill

(4) of gravitational attraction acts on a person

standing on the surface of Earth

. In the diagram below, a horizontal force with

a magnitude of 20.0 newtons is used to push

a 2.00-kilogram cart a distance of 5.00 meters

along a level floor.

200N

Determine the amount of work done on
the cart.

7. A constant force with a magnitude of 1.9 X 103
newtons is required to keep an automobile
having a mass of 1.0 X 10° kilograms moving at
a constant speed of 20. meters per second. The
work done in moving the automobile a distance
of 2.0 x 103 meters is

(1) 2.0 x 104
(2) 3.8 x10%)
(3) 2.0 X 10° J
(4) 3.8 x 108

8. A student does 300. joules of work pushing a
cart 3.0 meters due east and then does 400.

joules of work pushing the cart 4.0 meters due
north. The total amount of work done by the

student is
(1) 100. ) (3) 700. )
(2) 500. ) (4) 2500 J

9. A constant horizontal force of 20.0 newtons east
applied to a box causes it to move at a constant
speed of 4.0 meters per second. Calculate how
much work is done against friction on the box in
6.0 seconds.

10. A horizontal force with a magnitude of 3.0
newtons applied to a 7.0-kilogram mass moves
the mass horizontally a distance of 2.0 meters.
Determine the work done against gravity in
moving the mass. '

11. Astudent pulls a block along a horizontal
surface at constant velocity. The diagram below
shows the components of the force exerted on
the block by the student.

Haorizontal
surface

< 3.0m >

Calculate the work done against friction.

12. A total of 8.0 joules of work is done when a
constant horizontal force of 2.0 newtons to the
left is used to push a 3.0-kilogram box across
a counter top. Determine the total horizontal
distance the box moves.
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13. The diagram below shows a 9.8-newton cart 18. What is the average power developed by
being pulled 0.50 meter along a plane inclined a motor as it lifts a 400.-kilogram mass at
at 15° to the horizontal. The amount of work a constant speed through a vertical distance
required is 1.3 joules. of 10.0 meters in 8.0 seconds?

' (1) 320 W (3) 4,900 W
/\ \ (2) 500 W (4) 32,000 W
030" \ 19. Determine the power developed by a man
\4/ \ weighing 6.0 X 102 newtons who climbs a rope
\ \ at a constant speed of 2.0 meters per second.
\ 20. Student A lifts a 40.-newton box from the floor
\\ e to a height of 0.30 meter in 2.0 seconds. Student
A B lifts a 30.-newton box from the floor to a
) height of 0.40 meter in 4.0 seconds. Compared
Horizontal to student A, student B does
If the cart was raised 0.50 meter vertically (1) less work but develops more power
instead of being pulled along the inclined (2) more work but develops less power
plane, the amount of work done would be (3) the same work but develops less power
(1):/0:03-- . (2) 1.3 3) 49 (4) 9.8 (4) the same work but develops more power

14. A crane raises a 200-newton weight to a height  21. A 5.0 X 10%-newton girl develops 250 watts of
of 50 meters in 5 seconds. The crane does work power as she runs up two flights of stairs to a
at the rate of | | landing a total of 5.0 meters vertically above her
(1) 8 x 10-1W (3) 2 x 103 W starting point. Calculate the time required for
(2) 2 X 101 W (4) 5 X 104 W the glrl to run up the stairs.

15. What is the maximum amount of work that a 22. A motor 4havung a maximum power rating of
5000.-watt motor can do in 10. seconds? 8-1[ ;< 10 W?\?S ;S1U§eg ’:(()) fperatte an Ve\zllﬁvta'gor

with a weight of 1. newtons. What is
g; g'g i :g;j 8; g'g i }gij the maximum weight this motor can lift at an
: ' | average speed of 3.0 meters per second?

16. An engine rated at 5.0 X 10% watts exerts (1) 6.0 x 103N (3) 2.4 X 104N
a constant force of 2.5 X 103 newtons on (2) 1.8 X 10% N (4) 2.7 X 104 N
a vehicle. Determine the average speed _ L
of the vehicle. 23. A girl weighing 500. newtons takes 50.0 seconds

ST | to climb a flight of stairs 18 meters high.

17. The diagram below shows a 1.0 X 10°-newton Calculate the girl’s vertical power output.
crate to be lifted at constant speed from the 5a IFthe e B - .
ground to a loading dock 1.5 meters high in : Equirec1of.a sroent ko, swim
E 0 e br it l?)00. meters is dogbled, the power developed

y the student will be
- (1) halved
(2) doubled
(3) quartered
i (4) quadrupled
This end3up 25. Calculate the average speed of a
190N 4.0 X 10%-newton weight being lifted
£ vertically by a 2.00 X 103-watt motor.
What power is required to lift the crate?
(1) 1.5 x102W (3) 3.0 X 102 W
(2) 2.0 X 10°W (4) 7.5 X 103 W
Forms of Energy
As already noted, energy and work are related. The joule is the SI unit
for both quantities, which are scalar. When one system does work on
another system, the second system gains an amount of energy equal to
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the amount of work done on it. This process is called a transfer
of energy.

Energy has many forms, including thermal, chemical, nuclear,
electromagnetic, sound, and mechanical. Whatever its form, energy is
measured by the amount of work it can do. Thermal energy, or heat, is the
total kinetic energy possessed by the individual particles that comprise an
object. (The term “thermal energy” is also used by nuclear physicists to
describe the average kinetic energy, 0.025 electronvolt, possessed by
neutrons at room temperature.)

Internal energy refers to the total potential energy and kinetic energy
possessed by the particles that make up an object, but excludes the
potential and kinetic energies of the system as a whole.

Nuclear energy is the energy released by nuclear fission, the division of a
heavy atomic nucleus into parts of comparable mass, or nuclear fusmn the
combining of two light nuclei to form a heavier nucleus.

Electromagnetic energy is the energy associated with electric or magnetic

fields. Electromagnetic energy can take many forms, such as visible light,
microwaves, and radio waves.

Devices for Converting Energy

A photocell (photovoltaic cell) is a device that converts light, a form of
electromagnetic radiation, into electrical energy. A generator is a device
that converts mechanical energy into electrical energy by rotating a large
coil of wire in a magnetic field. On the other hand, a motor is a device that
converts electrical energy into mechanical energy as a result of forces on a
current-carrying conductor in a magnetic field. A battery is a direct-current
voltage source that converts chemical, thermal nuclear, or solar energy
into electrical energy.

Potential Energy

The energy possessed by an object due to its position or condition is
called potential energy. If there is no energy lost due to friction, the
work done to bring the object to a different position or condition from
its original condition or position is equal to the object’s change in
potential energy.

Gravitational Potential Energy If an object, originally at rest on Earth’s
surface, is lifted to some height, work is done against gravitational force.
The work done in lifting the object to a height above Earth’s surface is
equal to the object’s gravitational potential energy relative to Earth’s
surface. The work done is equal to the gravitational potential energy
acquired by the object. If the object falls, work is done by gravity on the
object, and the object loses gravitational potential energy. However, the
work done by gravity on the object increases its energy of motion (kinetic
energy) as the object’s speed increases during its fall. This kinetic energy
can, in turn, do an amount of work equal to the loss in grav1tat10nal
potential energy. |
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_SAMPLE PROBLEM

_SAMPLE PROBLEM

Recall that work is described by the formula W = Fd. For a falling object,

F equals F,, the weight of the object given by the formula F, = mg, and the
dlsplacement d corresponds to Ak, the change in height. Thus, the change
in gravitational potential energy is given by the formula:

APE = mgAh

The mass m is in kilograms, g is the acceleration due to gravity in meters
per second? (or gravitational field strength in newtons per kilogram), and
Ah is the change in height of the mass in meters. Thus APE, the change

in gravitational potential energy, can be expressed in kilogram - meter? per
second? or joules. The change in gravitational potential energy of an object
equals the product of its weight, mg, and its vertical change in height. This
formula is valid only for displacements that are small compared to Earth’s
radius, so that ¢ can be considered constant.

Calculate the gravitational potential energy with
respect to the floor gained by a 2.00-kilogram
object as a result of being lifted from the floor
to the top of a 0.92-meter high table.

®

SOLUTION: Identify the known and unknown values.

Known Unknown
m = 2.00 kg APE = ?
h=0.92m

g = 9.81 m/s?

1. Write the formula for gravitational potential energy.

APE = mgAh
2. Substitute the known values and solve.
APE = (2.00 kg)(9.81 m/s?)(0.92 m) = 18 J

— - -—————— ———— - e s . et et et et ettt et et e, . et

A 15.3-newton book gains 18.4 joules of gravitational potential energy
with respect to the floor as a result of being lifted from the floor to a shelf.

Calculate the height of the shelf above the floor.

SOLUTION: Identify the known and unknown values.

Known
Fg = 15.3 N
APE = 18.4 J

86 Topic 3: Energy

Unknown

APE = mgAh

S

g

18.4 )
Ah = 53N 1.20m

1. Write the formula for gravitational potential
Ah=2m energy and solve for Ah.

2. Substitute the known values and solve. The
weight of the object, Fy. equals mg.



26.

27.

28.
29.

30.

31.

Which term identifies a scalar quantity?

(1) force
(2) energy

(3) displacement
(4) velocity

Energy is measured in the same units as

(1) force (2) momentum (3) power (4) work

Which quantity and unit are correctly paired?

(3) energy; kg - m?%/s?
(4) work; kg/m

(1) velocity; m/s?
(2) momentum:

kg - m/s?
A unit for gravitational potential energy is the
(1) watt (3) newton
(2) joule (4) kilogram . meter/
second

Which mass has the greatest gravitational
potential energy with respect to the floor?

(1) a 50.-kg mass resting on the floor
(2) a 2.0-kg mass 10. m above the floor
(3) a 10.-kg mass 2.0 m above the floor

(4) a 6.0-kg mass 5.0 m above the floor

As an object slides across a rough horizontal
surface, what happens to the object’s
gravitational potential energy with

respect to the surface and speed?

(1) Both gravitational potential energy and
speed decrease.

(2) Gravitational potential energy decreases and
speed remains the same.

- (3) Gravitational potential energy remains the

32.

33.

same and speed decreases. |
(4) Both gravitational potential energy and
speed remain the same.

The diagram below represents a cart traveling
with initial speed v from left to right along a
frictionless surface.

4

Earth's surface

/ D

B

At which point is the gravitational potential
energy of the cart least?

(1) A (2) B (3) € 4) D

Calculate the gravitational potential energy
with respect to Earth's surface gained by a

5.00-kilogram mass as a result of being raised
2.00 meters from Earth’s surface.

34. Which graph best represents the relationship

between the gravitational potential energy PE

with respect to the ground and height above
the ground h for a freely falling object released
from rest?

il h
(1) (3)
PE L PE
h h

(2) (4)

35. Three people of equal mass climb a mountain

36.

using paths A, B, and C shown in the diagram
below.

Finish

Start

Along which path(s) does a person gain the
greatest amount of gravitational potential
energy from start to finish?

(1) Aonly
(2) B only
(3) Conly
(4) The gain is the same along all paths.

A ball is thrown upward from Earth’s surface.
As the ball rises, what happens to its speed and

gravitational potential energy with respect to
Earth’s surface? |

(1) Both speed and gravitational potential

- energy decrease.
(2) Speed decreases and gravitational potential

energy increases.

(3) Speed increases and gravitational potential
energy decreases.
(4) Both speed and gravitational potential
energy increase.
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37. At the top of a frictionless inclined plane, a 38 When a 5-kilogram mass is lifted from

0.50-kilogram block of ice possesses 6.0 joules the ground to a height of 10 meters, the

of gravitational potential energy with respect to gravitational potential energy of the mass is
the bottom of the incline. After sliding halfway increased by approximately

down the plane, the block’s gravitational (1) 0.5 (3) 50 J

potential energy IS (2) 2 (4) 500 J

(00l @) 601 - 8) 3.0)5 (4 12.]
N

Elastic Potential Energy

The energy stored in a spring, when work is done in compressing or
stretching it, is called elastic potential energy. The compression or

_elongation of a spring is the change in spring length from its equilibrium
posmon when a force is applied to it. Provided the elastic limit of the
spring is not exceeded, the compression or elongation of a spring is directly
proportlonal to the applied force. This relatlonshlp, called Hooke s law, is
given by the formula:

F, = kx ®

In the equation, k is the spring constant, the constant of proportionality
between the applied force F, and the compression or elongation x of the

- spring. If F, is in newtons and x is in meters, then k is in newtons per meter
The SI unit for the spring constant is the newton/meter, N/m.

A common laboratory activity is to vary the force applied to a spring and
measure the resulting elongation or compression. Force is the independent
variable and change in spring length is the dependent variable. However,
force is often indicated on the vertical axis and change in spring length on
the horizontal axis when the data from the experiment is graphed If a
graph of F, versus x is plotted for the data collected for a given bprmg, the
slope of the line of best fit is equal to the spring constant for that spring.

For an ideal spring, the line is straight and passes through the origin. A stiff
spring has a larger value of k than a weak spring.

If F, versus x data for two different springs is plotted on the same grid and
‘best-fit lines are drawn, the line for the stiffer spring has the greater slope.
On the other hand, if change in spring length from its equilibrium position
x is indicated on the vertical axis and the force applied to the spring F, on
the horizontal axis, the slope of the line of best fit is equal to 1/k, the
reciprocal of the spring constant. In this case the line for the stiffer spring -
has the lesser slope.

Potential Energy of a Spring

When no force is applied to a spring, there is no change in spring length

from the equilibrium position. That is, when F; = O N, x = 0 m. According
- to Hooke’s law, as F increases, x increases. Because F, increases uniformly

from 0 to kx, the average applied force equals zkx. The work done in

stretching the spring is equal to the product of the average force F; and

the elongation x. |
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_SAMPLE PROBLEM

1. In an experiment, a student varied the force

——

applied to a vertically-hung spring and measured

the resulting elongation. The table shows the

average elongation for three trials with

2. Using the information in the data table and the

grid provided:

(1) Mark an appropriate scale on the axis
labeled “Average elongation (m)”.

(2) Plot the data points.

(3) Draw the line of best fit.

(4) Use your graph to calculate the spring
constant k.

Force vs. Average Elongation

each force.

Force (N) Average Elongation (m)
0.00 0.000 '
1.00 0.040
2.00 0.075
3.00 0.120
4.00 0.165
5.00 0.200

6.00

5.00

4.00
=
Y1300
9

2.00

1.00

0.00

Average elongation (m)

SOLUTION: The spring constant k is the slope of the line.

k

- 5.00

1.00

Z

O

9

_AE, 400N
Ax  0.160 m

Force vs. Average Elongation

6.00

0.1

60

4.00

3.00

2.00

4.00N

RRaaas

000 &

- 0.000

0.040

S B 0N/

0.080

0.120 0160 = . 0200 0.240

Average-elongation (m)

Topic 3: Energy 89



g 1
W=Fx=>=kex==k?
X 2xx >

Because the work done on the spring is equal to the spring’s elastic
potential energy PE_, the equation can be rewritten in this way:

1
PE, = _foc
2

The spring constant k is in newtons per meter, the change in spring length
from the equilibrium position x is in meters, and the potential energy:
stored in the spring PE, is in newton - meters, or joules. As the following
Sample Problem shows, the area under an F versus x curve yields a
number equal to the number of joules of work done in stretching the
spring, and thus, the potential energy stored in the spring.

Calculate the elastic potential energy stored in the spring in the previous
Sample Problem when a force of 2.50 newtons is applied to it.

SOLUTION: Iden”tify the known and unknown values.

Known Unknown
FS=2'.50N PE. = ?]
k = 25.0 N/m

1. Find A,, the area under the curve in the
previous Sample Problem. At F = 2.50 N the

area is a triangle with height h equal to
2.50 N and base b equal to 0.100 m. Write
the formula for the area of a triangle.

AA-_—’;—bh

2. Substitute the known values and solve.

e ;
Ax = PE; =5 (0.100 m) (2.50 N)

PE, = 0.125 )

An alternative solution is to use the
relationship

F = kx

L
/

39. A spring has a spring constant of 25 newtons per
meter. Calculate the magnitude of the minimum
force required to stretch the spring 0.25 meter
from its equilibrium position.

40. When a spring is stretched 0.200 meter from
its equilibrium position, it possesses a potential
energy of 10.0 joules. What is the spring
constant for this spring?

(1) 100. N/m
(2) 125'N/m
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(3) 250. N/m
(4) 500. N/m

3. Solve the equation for x.

Fs
X=—

K
4. Substitute the known values and solve.

. 250N
~ 25.0 N/m

5. Write the formula that relates PE; and x.

1
PE, = —z—kx2

= 0.100 m

200, ¢

6. Substitute the known values and solve.

PE, = -12- (25.0 N) (0.100 m)?

PE, = 0.125 J

41. Which graph best represents the relationship
between the force applied to a spring and the
elongation of the spring? (Assume the spring’s

elastic limit has not been reached.)

Elongation  Elongation  Elongation  Elongation
(1) - (2) | (3) (4)

Force
Force
Force
Force




42.

Unstretched spring

A 20. newton weight is attached to a spring
causing it to stretch, as shown in the diagram

below.

43.

Stretched spring
|

?.
- 0.50m
=% b O 1.00 m
ol

20. N

What is the spring constant of this spring?

(1) 0.050 N/m (3) 20. N/m
(2) 0.25 N/m (4) 40. N/m

The graph below shows the relationship
between the elongation of a spring and the
force applied to the spring causing it to stretch.

Elongation vs. Applied Force

0.60

E 0.50
0.40

m

O
W
O

Elongation

(@ o]
O
o © 0O

0 T@F 20 353!
Force (N)

What is the spring constant for this spring?

(1) 0.020 N/m (3) 25 N/m
(2) 2.0 N/m (4) 50. N/m

. A mass hanger is attached to a spring, as shown

in the diagrams below.

X\

Unloaded

Loaded

What is the magnitude of the displacement of
the mass hanger H after a 0.20-kilogram mass
is loaded on it? [Assume the hanger is at rest in
both positions.]

45.

46.

47.

49,

20.

Force applied
Forceapplied

Graphs A and B represent the resuits of applying

an increasing force to stretch a spring. The
spring did not exceed its elastic limit.

Spring displacement Work done on spring
A B

The spring constant can be represented by the

(1) slope of graph A
(2) slope of graph B
(3) reciprocal of the slope of graph A
(4) reciprocal of the slope of graph B

Force F is applied to a spring causing it to stretch
a distance x. If force 2F is applied to the spring
and the elasticity of the spring is not exceeded,
the spring will stretch a distance

() x (3) 5.
(2) 2x (4) 3
Which combination of fundamental units can

be used to express the elastic potential energy
stored in a compressed spring?

(1) kg . m/s?

(2) kg .m?/s
(3) kg.m?/s2

" (4) kg -m?/s3
48.

A force is applied to a spring causing it to
stretch. If the applied force is halved, the
potential energy stored in the spring will be

(1) halved

(2) doubled
(3) quartered
(4) quadrupled

A vertically hung 0.50-meter-long spring is
stretched from its equilibrium position to a
length of 1.00 meter by a weight attached
to the spring. If 15 joules of elastic potential
energy are stored in the spring, what is the
value of the spring constant?

(1) 30. N/m
(2) 60. N/m
(3) 120 N/m
(4) 240 N/m

A spring has a spring constant of 120 newtons
per meter. Calculate the elastic potential

‘energy stored in the spring when it is stretched

2.0 centimeters.
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59, A force of 0.2 newton is needed to compress a Base your answers to questions 54 through 56 on

spring a distance of 0.02 meter. The potential the graph below, which represents the relationship
energy stored in this compressed spring is between the force applied to a spring and its

(1) 8 X 1075 ] (3) 2% 1075 elongation. , .

(2) 2 X 10~3 ) (4) 4 X 102 J Force vs. Elongation

52. A spring of negligible mass with a spring
constant of 2.0 X 102 newtons per meter is

stretched 0.20 meter. How much potential
energy is stored in the spring? -

@) 8.l (3) 4}
(2) 8.0 (4) 4.0

53. In the diagram below, a child compresses the
spring in a pop-up toy 0.020 meter.

Force (N)

0 010:- 020 030 040
Elongation (m)

Uncompressed Compressed R
spring spring 54. \What is the total work done to stretch the
spring 0.40 meter? |

If the spring has a spring constant of (1) 4.8) (3) 9.8

340 newtons per meter, how much elastic (2) 6.0)J (4) 24 )

potential energy is being stored in the spring: 55. Calculate the spring constant k for the spring.
(1) 0.068 J (3) 34 : _

@) 0141 (4) 6.8 56. On the grid, sketch a line that represents

the relationship between applied force and
‘elongation for a stiffer spring.

Kinetic Energy

When a moving object strikes another object and displaces it, the moving

object exerts a force on the second object and does work on it. The moving
object possesses energy due to its motion. The energy an object possesses
due to its motion is called kinetic energy. The formula for kinetic energy

is KE = $mv? and can be derived from the definition of work and Newton’s

second law.

W=Fdand F = ma

W = mad where a = ; from rest, d = vt and

A (4
D= Efrom rest.
v D0 1
W:m.__.-'z}-tz ..... —_— 2
f et G P

‘The net work done in accelerating an object from rest to some speed is
equal to the kinetic energy of the object. The following formula describes
the relationship: |

1
= — mv>
KE 2m__
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Mass m is in kilograms, velocity or speed v is in meters per second, and
kinetic energy KE is in kilogram . meter?/second? or joules.

_SAMPLE PROBLEM

Calculate the kinetic energy possessed by a 2.7-kilogram cart
traveling at 1.5 meter per second.

SOLUTION: Identify the known and unknown values.

Known _ Unknown
m = 2.7 kg . KE=17)
v=15m/ . |

1. Write the formula for kinetic energy.

1
= — V’Z
KE 2m

2. Substitute the khown values and solve.

KE = %(2.7 kg) (1.5 m/s)¢ =3.0J)

Note: If the weight of the cart had been given, it would have been
necessary to use the formula

F

g = ;g to determine the cart’s mass.

57. If the speed of a car is doubled, its kinetic 61. Which cart has the greatest kinetic energy?
energy Is ‘
(1) halved (3) quartered v=4.0m/s v=2.0m/s

(2) doubled (4) quadrupled

R e
58. A 1.0 X 103-kilogram car is moving at a constant m F.m.
. 7R
speed of 4.0 meters per second. What is the | |
~ | (1) (3)

kinetic energy of the car?

M) 16x10°] ' (3) 8.0 x 103
(2) 20 10*) (4) 4.0 x 103 ) , v=3.0m/s v=1.0m/s

59. A 3.0-kilogram cart possesses 96 joules of kinetic
energy. Calculate the speed of the car. . m

60. A cart of mass m traveling at speed v has kinetic X
energy KE. If the mass of the cart is doubled and
the speed is halved, the kinetic energy of the (2) | (4)
cart will be 62. A 2.0-kilogram cart is initially at rest on a
(1) half as great level floor. Determine the kinetic energy of
(2) twice as great - the cart after a constant horizontal 8.0-newton
(3) one-fourth as great force is applied to the cart over a distance of
(4) four times as great 1.5 meters.
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63.

64.

A person does 100 joules of work in pulling

back the string of a bow. What is the initial
speed of a 0.5-kilogram arrow when it is fired

from the bow? |
(1) 20 m/s (3) 200 m/s
(2) 50 m/s (4) 400 m/s

An 8.0-kilogram object and a 4.0-kilogram

object are released simultaneously from a height
of 50. meters above the ground. After falling
freely for 2.0 seconds, the objects have different

66.

65. The work done in raising an object must result

in an increase in the object’s

(1) internal energy

(2) kinetic energy

(3) gravitational potential energy
(4) elastic potential energy

Two cars having different weights are traveling
on a level surface at different constant veloci-

ties. Within the same time interval, greater force
is always required to stop the car that has the

(1) accelerations (3) kinetic energies greater |
(2) speeds (4) displacements (1) weight (3) velocity
(2) kinetic energy (4) momentum
Work-Energy Relationship
If there is no friction, all the work done in lifting an object to a new height
is equal to the object’s increase in gravitational potential energy. The
change in potential energy depends only on the change in height, not on
the path taken. For example, the work done in lifting a 10.0-kilogram box
from the floor to a 0.92-meter high tabletop is equal to the box’s change in
gravitational potential energy.
W = APE = mgAh = (10.0 kg)(9.81 m/s%)(0.92 m) = 90.]
Figure 3-1 shows that the work done in moving
ki the box from the floor to the tabletop is the same
- = regardless of the path taken. When work done
Path B { against a force is independent of the path taken,
B T ) the force is said to be a conservative force.
Path¢ ~ The force of gravity is an example of a
f 0.92 m conservative force. The elastic force of a spring is
— also a conservative force. Potential energy has
19.0%g ! meaning only in relation to work done against
. conservative forces.

Figure 3-1. A conservative force: Because the force of gravity
is a conservative force, the same amount of work is done when
raising the box from the floor to the tabletop regardless of which
path is followed.

0.92 m

7.

Figure 2-2. A nonconservative force: Because friction is a
nonconservative force, moving the box from the floor to the
tabletop requires more work on incline B than on incline A. In this
- case, the path makes a difference in the amount of work required.
(Read the explanation in the text.)
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Air resistance and friction are examples of
nonconservative forces. The work done against a
nonconservative force is dependent upon the path
taken. In Figure 3-2, the same box is moved from
the floor to the tabletop by sliding it along an
inclined plane A. Once again, 90. joules of work is
done to change the gravitational potential energy
of the box, but because additional work must be
done against friction, the total work done is
greater than 90. joules.

If inclined plane B is used instead of inclined
plane A, the work done against friction, Wy = F¢d,
is greater, even though the coefficient of friction is
the same for both planes. The force of friction F; is
greater when a plane is inclined at a smaller angle
because the normal force Fy; for the same object,



on the incline is larger and F; = uFy. In addition, the frictional force acts
over a greater distance on incline B. Because friction is a nonconservative
force, the work required to raise the box from the floor to the top of the
table on incline B is greater than the work required to raise it on incline A.

Conservation of Energy

A closed system is one in which there are no external forces doing work
on the system, no external work being done by the system, and no transfer
of energy into or out of the system. In a closed system, the sum of the
potential energy (gravitational and/or elastic), kinetic energy, and internal
energy remains constant. Although the energy within a closed system may
be transformed from one type to another, the total energy of the system
always remains the same. These ideas are expressed in the law of
conservation of energy, which states that energy cannot be created or

destroyed. In other words, the sum of the changes in energy (potential,
kinetic, and internal) within a closed system is zero.

Ideal Mechanical Systems

The sum of the kinetic and potential energies in a system is called the total
mechanical energy. An ideal mechanical system is a closed system in which
no friction or other nonconservative force acts. In an ideal mechanical
system, the sum of the kinetic and potential energies is constant, or the
sum of the changes in kinetic and potential energy is zero.

The relationship between the gravitational potential energy and kinetic
energy for an ideal simple pendulum is shown in Figure 3-3. A simple

pendulum consists of a mass (bob) attached to one end of a string or wire
that is attached at the other end to a pivot point. |

An object falling freely from rest in a vacuum is another example of an

ideal mechanical system. If a stationary object having mass m is located

a vertical distance i above Earth’s surface, the object has initial
gravitational potential energy, PE; = mgh with respect to Earth and
kinetic energy, KE; = 0. As the object falls, its gravitational potential

energy decreases, but because its speed increases, the object’s kinetic

PE=max; KE=0 —

PE=KE S N 'ﬁ I‘;h

PE = 0; KE = max == ==

Figure 3-3. The relationship between gravitational potential energy with respect to
the lowest point and kinetic energy for an ideal simple pendulum
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energy increases. These enei‘gy changes can be expressed by the law of .
conservation of energy:

APE + AKE = 0

Or |
AKE = —APE

As the object falls from rest, its change in gravitational potential ener§y 1S

given by APE = —mgh, and its change in kinetic energy is AKE = S,
These expressions can be substituted into the previous equations:

1 |
Emvz — mgh = 0

or

1 2
— = moh
zmv o

The common factor, m, can be eliminated:

Il :
Evz = oh,sov* = 2ghand v = V2¢h
The acceleration due to gravity, g, can be considered constant near Earth’s
surface, so the last equation can be used to determine the speed of an
object falling from rest from a known height. Note that the speed of the

object is independent of its mass.

Nonideal Mechanical Systems

When a system is acted upon by a nonconservative force, such as friction,
it is called a nonideal mechanical system. In reality, friction opposes the
motion of two objects in contact with each other and moving relative to
each other. Frictional force converts some or all of the kinetic energy of a
moving object into internal energy, that is, potential or kinetic energy of the
individual particles that comprise the object. The “lost” kinetic energy
usually appears as an increase in temperature of the objects in contact. For
example, a simple pendulum set in motion in air does not swing back to its
original release point. The pendulum experiences both friction at the pivot
point and air resistance. A piece of paper dropped to the ground from
some height has more initial gravitational potential energy with respect to
the ground than it has kinetic energy at the instant it reaches the ground.

A lead sphere dropped from some height onto a steel surface does not
bounce; all of its initial gravitational potential energy with respect to the
steel surface is converted into internal energy when it hits the steel.

The total energy of a nonideal system is given by this formula:
E. = PE + KE + Q , ®

Et represents the total energy, PE is potential energy, KE is kinetic energy,
and Q is internal energy. All quantities are expressed in joules.
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_SAMPLE PROBLEM

A 1.0-kilogram cart A and a 2.0-kilogram cart B are at rest on a frictionless
table, as shown in the diagram. A cord and a spring of negligible mass join the
two carts. The spring is compressed 0.060 meter between the two carts until
the elastic’s potential energy stored in the sprmg Is 12 joules. When the cord is
cut, the spring will force the carts apart.

Cart A

Cord

CartB

1.0 kg

2.0 kg

Dl

LLLLLIELLL]

Compressed spring
with PE=12J

L

(1) Determine the total amount of work done in compressing the spring.
(2) Calculate the spring constant for the spring.

(3) Calculate the magnitude of the average force required to compress the

spring 0.060 meter.

(4) Compare the following quantltles while the spring is pushing the

carts apart:

(a) the forces acting on the two carts
(b) the change in momentum of the two carts
(c) the total initial and final momentum of the two carts
(d) the acceleration of the two carts
(5) Calculate the final velocity of cart A.
(6) Determine the ratio of the maximum kinetic energy of cart A to the
maximum Kinetic energy of cart B.

SOLUTION: Identify the known and unknown values.

Known | Unknown
may =1.0kg W=2?2]
mg = 2.0 kg kK =7N/m
x = 0.060 m Fa= 2N
PE, =12 Ve, = 7 m/s

1. The work done in compressing the spring is
equal to the potential energy stored in the

spring.
W.— PE.= 12 )

2. Write the formula for the potential energy of

a spring.

1
PE. = E/(XZ

Solve the ;equati‘on for k.

2PE,
2

k =

X

Substitute the known values and solve. |

201D
(0.060 m)z‘
k = 6.7 % 103 N/m

3. Write the formula for the average force

needed to compress the spring.
Fs = kx
Substitute the known values and solve.

F, = (6.7 X 103 N/m)(0.060 m)
Fo=4.0 X 102N

. The forces are equal in magnitude and

opposite in direction.

Momentum must be conserved. Thus, the
change in momentum is equal in magnitude
and opposite in direction for the two carts at

all times.

The total momentum is zero at all times,
because the carts were initially at rest.

The forces on the two carts are equal in
magnitude and the mass of A is one half the
mass of B. Thus, the acceleration of cart A is

twice that of cart B and opposite in direction.
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5.

67.

68.

69.

98

Write an equation for the relations'hip

between the initial and final momentum
of the system. Because momentum must
be conserved, the initial momentum of the
system, which is zero, must equal the final

momentum.
Ppefore = Pafter = 0

Write this equality in terms of mass and
velocity.

MaVp = MgVg = 0

Solve the equation for vg.

MgVg = —MAVA
MaVa
Vg = — Py
Substitute known values and solve.
v (1.0 kg) vy
4 2.0 kg
1
Vg = “—EVA

Recognizing that energy is conserved, write an
equation that equates the total initial energy
of the system and the total final energy of

the system.

PE; + KE; + PE. = PE; + KE¢ + PE,
PE; = PEg, PE, = 0, and KE; = 0

As the speed of an object falling toward Earth
increases, the gravitational potential energy of

the object with respect to Earth

(1) decreases (3) remains the same

(2) increases

At what point in its fall does the kinetic energy
of a freely falling object equal its gravitational
potential energy with respect to the ground?

(1) at the start of the fall
(2) halfway between the start and the end
(3) at the end of the fall

(4) at all points during the fall

A 2.0-kilogram mass falls freely for 10. meters
near the surface of Earth. The total kinetic

energy gained by the object during its free fall
Is approximately

(1) 400 J (2) 200 (3) 100J (4) 501
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70.

71.
it falls freely from rest a vertical distance d.

72.

73.

Thus, because energy is conserved, the final

~ kinetic energy of the two carts equals the

initial potential energy of the spring.
PES,, = KEf

Write an equation in terms of mass and
velocity that states this relationship.
1 1

BE — 'z‘mA(VA)Z i ‘z”mB(VB)Z

Substitute known values and solve for va.
Va

1 1 2
12) = 2(1.0kg)(va)? + 5(2.0 kg)(——2—>

2
12 J = (0.50 kg)(v,)% + (1.0 kg)(%)
12 J = (0.75 kg)V§
kg - m?/s?

2 s —
vi = 16 J/kg = 16 ko

Voai= 4.0 m/s

It has already been determined that the speed
of cart B is one-half that of cart A, thus

iy >
K SMaV . 2(1.0 kg)(4.0 m/s) 2
ke -;-mgvé —;—(2.0 kg)(2.0 m/s)?

A 20.0-kilogram object falls freely from rest and
strikes the ground with 1,962 joules of kinetic
energy. Calculate how far above the ground the
object was when it was released.

A 1.0-kilogram mass gains kinetic energy as

How far would a 2.0-kilogram mass have to
fall freely from rest to gain the same amount
of kinetic enerqgy?

yd @2 @5 @32

A basketball player, who weighs 600 newtons,
jumps 0.5 meter vertically off the floor.

Calculate her kinetic energy just before

hitting the floor.

As an object falls freely in a vacuum, the total
mechanical energy of the object

(1) decreases (3) remains the same
(2) increases



Base your answers to questions 74 through 76 on
the information and diagram below.

A 10-kilogram block starts from rest at point A
and slides along a frictionless track. [Neglect air

resistance.]

74. As the block moves from point A to point B, the
total amount of gravitational potential energy
that changes to kinetic energy is approximately

@) 54 “(@2) 20 . (3) 568 (4) 500
75. What is the approximate speed of the block at

point B?

(1) 1m/s (2) 10m/s (3) 50 m/s (4) 100 m/s

76. What is the approximate gravitational potential
energy of the block at point C?

(1) 200  2)"2003 '13) 3007 " " (4).'500’)

Base your answers to questions 77 and 78 on the
information and diagram below.

An ideal simple pendulum is released from rest at
position A and swings freely through position B.
[Assume that the gravitational potential energy of
the system is zero at B.]

{1y
4
faiay
1

I
? ]
J {
?

r [
4 i

4 g
i
B

77. Compared to the pendulum’s kinetic energy at
position B, its gravitational potential energy at
position A is -

(3) the same
(4) four times as great

(1) half as great
(2) twice as great

78. As the pendulum swings from position A to
position B, the total mechanical energy of the

pendulum

(1) decreases
(2) increases

(3) remains the same

Base your answers to questions 79 through 81 on
the information and diagram below.

A 1.00-kilogram block is held at rest on a frictionless
plane inclined at 30.° to the horizontal.

horizontal

79. The block is released and slides down the length
of the incline. Determine the block’s kinetic
energy at the bottom of the incline.

80. If the angle between the plane and the
horizontal is increased, the magnitude of
the force required to hold the block at rest
on the incline will

(1) decrease
(2) increase
(3) remain the same

81. As the block slides down the incline, the sum of
its gravitational potential energy with respect to
the horizontal and kinetic energy

(1) decreases
(2) increases
(3) remains the same

Base your answers to questions 82 through 86 on
the information and diagram below.

A 2.0-kilogram block is placed on a frictionless track
at point A and released from rest. [Assume that the
gravitational potential energy of the system is zero
at point E.]
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82. Calculate the gravitational potential energy of
the system at point A.

83. Compared to the kinetic energy of the block
at point B, the kinetic energy of the block at
point £ is

(1) the same
(2) twice as great

(3) half as great

(4) four times as great

84. On the diagram, mark an X on the track to
indicate the maximum height the block will
reach above point E after the block has passed
through point E.

85. The speed of the block at point Cis
(1) 0m/is (2) 10.m/s (3) 14m/s (4) 20. m/s

86. Compared to the total mechanical energy of the
system at point A, the total mechanical energy
of the system at point F is

(1) less (2) more (3) the same

Base your answers to questions 87 through 93 on
the information and diagram below.

A 10.0-kilogram box starts from rest at point A and-
is accelerated uniformly to point B in 4.0 seconds
by the application of a constant horizontal force F.
At point B, the speed of the box is 10.0 meters per
second as it begins to move up a plane inclined at
30.° to the horizontal. [Neglect friction.]

0m/s 10.0 m/
s aauie (o)
[10.0 kgi o 30. b
A B ’
87. Calculate the kinetic energy of the box at
point B.

88. Calculate the magnitude of force F.

89. Calculate the distance the box travels in moving
from point A to point B.

'90. Calculate the magnitude of the impulse that
would be required to stop the box at point B.

91. As the box moves up the incline, what happens
to its speed and gravitational potential energy

with respect to AB?

(1) Both speed and gravitational potential
energy decrease.

(2) Speed decreases and gravitational potential
energy increases.

(3) Speed remains the same and gravitational
potential energy decreases.

(4) Speed remains the same and gravitational
potential energy increases.
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92. The box comes to rest at a vertical height of A
(point D) when 26 = 30.°. If 26 was increased
to 40.°, the box would come to rest at a vertical
height

(1) less than h
(2) greater than h

(3) equalto h

93. On the axes below, sketch a line to represent the
relationship between the kinetic energy of the
box and its speed as it travels from point A to
point B.

Kinetic energy

coe

Speed

Base your answers to questions 94 through 97 on
the information and diagram below.

A 1.00-kilogram sphere M, suspended by a string
from point P, is lifted to a height h. The sphere is
released and passes through the lowest point in
its swing at a speed of 10.0 meters per second.
[Neglect friction.]

P
i
T @ 10.0 m
h
gus e ey Y
1.00 kg

94. Calculate the height from which the sphere was
released.

95. Calculate the magnitude of the centripetal force
on the sphere as it passes through the lowest
point in its swing.

96. The magnitude of the centripetal force on the
sphere could be halved as it passes through the
lowest point in its swing by doubling the

(1) weight of the sphere, only

(2) length of the string, only

(3) height h and the weight of the sphere
(4) the length of the string and height h



97.

Compared to the sphere’s speed through the
lowest point of its swing when released from
h, the sphere’s speed through the lowest point
when released from 2h would be

(1) lower

(2) greater

(3) the same

98.

99,

In the diagram below, a toy car having a mass
of 4.00 X 10~ 2 kilogram starts from rest at
point A and travels 3.60 meters along a
uniform track until coming to rest at point B.

A

m =4.00x10-2kg

Calculate the magnitude of the frictional force

acting on the car. [Assume the frictional force is

constant.]

A car has a mass of 1.00 X 103 kilograms.
Calculate the work done in moving the car at
constant speed a distance of 250 meters along
a horizontal asphalt-paved road.

Base your answers to questions 100 and 101 on
the information and diagram below.

A 20.0-newton force is needed to pull a

5.00-kilogram object up a hill at a constant speed
of 2.0 meters per second.

100.

101.

Determine the work done against gravity in
moving the object from point A to point B.

Determine the work done against friction in
moving the object from point A to point B.

Kinetic Energy

102.

103.

Energy

As a block slides across a table, its speed
decreases while its temperature increases.
Which two changes occur in the block’s energy
as it slides?

(1) a decrease in kinetic energy and an
increase in internal energy

(2) an increase in kinetic energy and a
decrease in internal energy |

(3) a decrease in both kinetic energy and
internal energy

(4) an increase in both kinetic energy and
internal energy

The graph below represents the kinetic energy,
gravitational potential energy, and total
mechanical energy of a moving block.

Energy vs. Distance Moved

s Key
o —-—-. Kinetic energy

SR Un TR e [T Gravitational
Pt potential energy

Total mechanical energy

104.

Kinetic Energy

Distance moved

Which best describes the motion of the block?

(1) accelerating on a flat horizontal surface
(2) sliding up a frictionless incline

(3) falling freely

(4) being lifted at constant velocity

An object is thrown vertically upward. Which
pair of graphs best represents the object’s
kinetic energy and gravitational potential
energy as functions of its displacement while it

rises?

r

Potential Energy
Kinetic Energy

L

Displacement

Displacement Displacemen Displacement

t
(1 (3

S

Potential Energy ~ Potential Energy

otential Energy

Kinetic Energy

Displacement

Q- Displacement Displacement Displacement

(2) (4

N
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- ‘Prac tice Questions

Directions

Review the Test-Taking S’crategios section of this book. Then answer the following
questions. Read each question carefully and answer with a correct choice or response.

Part A

1 Which variable expression is correctly paired with
its corresponding unit?
mass - distance

(1) ; and watt
time
. 2
mass - distance
: and watt
fime
mass - distance’ :
o) and joule
time
mass - distance ;
SRR and joule
fime

2 What is an essential characteristic of an object in
“equilibrium?
(1) zero velocity
(2) zero acceleration
(3) zero potential energy
(4) zero kinetic energy

3 A net force with a magnitude of 5.0 newtons
moves a 2.0-kilogram object a distance of

3.0 meters in 3.0 seconds. What is the total
work done on the object?

([1)s1-0F (3) 15
(2) H10-Jusss (4) 30.]

4 A force is applied to a block causing it to
accelerate along a horizontal, frictionless surface.
The energy gained by the block is equal to the

(1) work done on the block
(2) power applied to the block

(3) impulse applied to the block

(4) momentum given to the block

5 A 2.2-kilogram mass is pulled by a horizontal
30.-newton force to the right through a distance of
5.0 meters as shown in the diagram below.

Y
L——S.Om—-tl

What is the total amount of work done on the

mass? ~
(1) 117 (3) 150
(2) 66] (4) 330]
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6 In the diagram below, a 1.0-kilogram mass

falls a vertical distance of 0.50 meter, causing a
2.0-kilogram mass to slide the same distance
along a tabletop.

[oka]__

T

0.50 m

7////%

What is the total work done by the falling mass?
(). 1251 (3) 9.8]
(2) 49 ] (4) 15]

A horizontal force with a magnitude of 40.
newtons is used to push a block along a level
table at a constant speed of 2.0 meters per second.
How much work is done on the block in 6.0
seconds?

(1) 80.] (3) 240]

2)"120] | (4) 480]

A force with a magnitude of 100. newtons is used

- to push a trunk to the top of an incline 3.0 meters

long. Then a force with a magnitude of 50.
newtons is used to push the trunk for 10. meters
along a horizontal platform. What is the total
work done on the trunk?

(1) 8.0 X.102]

(2) 5.0 X 10%]

(3) 3.0 X 10%]

(4) 9.0 X 10%]

The amount of work done against friction to slide
a box in a straight line across a uniform,
horizontal floor depends most on the

(1) time taken to move the box

(2) distance the box is moved

(3) speed of the box

(4) direction of the box’s motion



10 The diagram below shows two identical wooden
planks, A and B, at different incline angles. The
planks are used to slide concrete blocks from the
bed of a truck.

Truck bed

Compared to the amount of work done against
friction by a block sliding down plank A, the
work done against friction by a block sliding
down plank B is
(1) less

(2) more

11 A 95-kilogram student climbs 4.0 meters up a
rope in 3.0 seconds. What is the power output
of the student?

(1) 1.3 X 102 W
(2) 3.8 X 102 W

(3) the same

(3) 1.2 X 103 W
(4) 3.7 X 10°W

12 What is the minimum power required for a

conveyor to raise an 8.0-newton box 4.0 meters
vertically in 8.0 seconds?

(1) 260 W 3) 32 W

(2) 64 W 4) 40W

13 A weightlifter lifts a 200-kilogram mass a vertical

distance of 0.5 meter in 0.1 second. What is the
lifter’s power output?

(1) 1x104W (3) 1 X 10t W
(2) 4105 W (4) 4 X 10*°W

14 A 4.0 X 10°-watt motor applies an 8.0 X 10%-
newton force to move a boat at constant speed.
How far does the boat move in 16 seconds?

1) 32m (2 50m () 2m (@) 80.m

15 A boat weighing 9.0 X 10% newtons requires a
horizontal force of 6.0 X 10% newtons to move it
‘across the water at 1.5 X 10! meters per second.
The boat’s engine must provide energy at the
rate of
@125 1072 ]
(2) 4.0 X 10! W

®) 75x103]
(4) 9.0 X 103 W

16

17

As a ball falls freely toward the ground, what

happens to the ball’s speed and gravitational

potential energy with respect to the ground?

(1) Both speed and gravitational potential energy
decrease.

(2) Speed decreases and gravitational potential
energy increases. . |

(3) Speed increases and gravitational potential
energy decreases.

(4) Both speed and gravitational potential energy
increase.

An object of mass m is lifted a vertical distance h

~ above the surface of Earth at constant speed v in

18

19

time t. The total gravitational potential energy
with respect to Earth’s surface gained by the
object is equal to the ‘ |

(1) average force applied to the object

(2) total weight of the object

(3) total work done on the object

(4) total momentum gained by the object

A box weighing 1.0 X 10% newtons is dragged to

the top of an incline, as shown in the diagram
below. |

6.0 m

1.0x 102N

< 8.0m >

With respect to the bottom of the incline, the
gravitational potential energy of the box at
the top of the incline is |

(1) 1.0 X 10%] (3) 8.0 X 10%]

(2) 6.0 X 102] (4) 1.0 X 10°]

What is the spring constant of a spring of
negligible mass that gains 6.0 joules of elastic
potential energy as a result of being compressed
0.40 meter?
(1) 24 N/m
(2) 15N/m

(3) 38 N/m
(4) 75 N/m
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20 Spring A has a spring constant of 140 newtons
per meter and spring B has a spring constant of
280 newtons per meter. Both springs are stretched
the same distance. Compared to the elastic

potential energy stored in spring A, the elastic
potential energy stored in spring B is
(1) the same (3) half as great

(2) twice as great (4) four times as great

21 A vertical spring 0.100 meter long is elongated to
a length of 0.119 meter when a 1.00-kilogram
mass is attached to the bottom of the spring.

The spring constant of this spring is
(1) 9.8 N/m (3) 98 N/m
(2) 82 N/m (4) 520 N/m

22 A force with a magnitude of 10. newtons is

required to hold a stretched spring 0.20 meter
from its rest position. What is the elastic potential

energy stored in the stretched spring?
(1) 1.0 Jigiann(2)82.0 (3):5.07J .. «(4). 50.]
23 When a mass is placed on a spring with a spring

constant of 15 newtons per meter, the spring is
compressed 0.25 meter. How much elastic

potential energy is stored in the spring?
():047] «.oi¢ (2):0:94] .« B)i19].« 4::(4)::3,8]

24 A vertically hung spring stretches 0.075 meter

when a 5.0-newton block is attached to the spring.

What is the spring constant for this spring?
[Assume the spring-block system is at rest.]
(1) 38 N/m (3) 130 N/m
(2) 67 N/m (4) 650 N/m

25 The unstretched spring in the diagram below has
a length of 0.40 meter and a spring constant k. A
weight is hung from the spring causing it to
stretch to a length of 0.60 meter.

Unstretched Stretched

Weight

How many joules of elastic potential energy are

stored in this stretched spring?
(1) 0.020 X k (3) 0.18 X k
(2) 0.080 X k (4) 2.0 Xk
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26

27

28

29

30

31

The diagram below shows block A having mass
2m and speed v, and block B having mass m and
speed 2v.

Zm

Sl
» v

Frictionl_ess surface

Compared to the kinetic energy of block A, the

kinetic energy of block B is
(1) thesame (3) one-fourth as great
(2) twice as great (4) four times as great:

An object with a speed of 20. meters per second
has a kinetic energy of 400. joules. The mass of the
object is ' |

(1) 1.0kg (2) 20kg - (3) 0.50kg (4) 40.kg
A total of 10.0 joules of work is done in
accelerating a 20.-newton object from rest across

a horizontal frictionless table. What is the total
kinetic energy gained by the object?

(1) 0.0] (2) 20] ) 10.] (4) 200]

A baseball bat strikes a ball with a force with

a magnitude of 2.0 X 10% newtons. If the bat

stays in contact with the ball for a distance of

5.0 X 10~ meter, what kinetic energy will the ball
acquire from the bat? -

(1) 1.00< 5027 (3) 2.5 X 101]

2) 2.0} 10%] (4) 4.0 X 10%]

An object 8 meters above the ground has Z joules
of gravitational potential energy with respect to
the ground. If the object falls freely, how many
joules of kinetic energy will it have gained when
it is 4 meters above the ground? '

(1) Z 25221 008 8 suiter (s

A girl rides an escalator that moves her upward
at constant speed. As the girl rises, how do her
kinetic energy and gravitational potential energy
with respect to the bottom of the escalator
change?

(1) Kinetic energy decreases and potential energy

decreases.

(2) Kinetic energy decreases and potential energy
increases.

(3) Kinetic energy remains the same and potential
energy decreases.

(4) Kinetic energy remains the same and potential
energy increases.



32 A 0.10-kilogram ball dropped vertically from a
height of 1.00 meter above the floor bounces back
to a height of 0.80 meter. The mechanical energy
“lost” by the ball as it bounces is

(1) 0.020] (3) 0.78]
(2) 0.20]

(4) 098]

33 A stone is dropped in air from a height of
. 50 meters above the ground. As the stone falls,
what happens to the stone’s kinetic energy and
internal energy? |
(1) Kinetic energy decreases and internal
energy decreases.
(2) Kinetic energy decreases and internal
energy increases.
(3) Kinetic energy increases and internal
energy decreases.
(4) Kinetic energy increases and internal
energy increases.

34 Analuminum pie pan is attached to a string and

suspended from a hook, as shown in the diagram

below. The pan is released from position A and
swings through the air to position B.

Aluminum

pie pan \

What is the relationship between the kinetic

energy at position B, KEg, and the gravitational

potential energy at position A, PE 5 with respect

to B?

(1) KEgis equal to PE , minus work done
against friction.

(2) KEg.is equal to the PE 5 plus work done
against friction.

(3) KEgis equal to PE,.

(4) KEgis equal to 2PE,.

R L e N Ot Gt e o SR e o, P B i s e e e 0
B o e i e et o e o e S R e i e S S PR e S e

35 The bottom of a heavy block is covered with
sandpaper. The block is repeatedly slid 1.0 meter
at constant speed across a uniform, horizontal
wooden plank by the application of a constant
horizontal force. As the coefficient of friction
between the sandpaper and the plank decreases,
the amount of work done in sliding the block
1.0 meter along the plank at constant speed

(1) decreases (3) remains the same
(2) increases

Part B

36 In the diagram below, a box is pulled at constant
speed across the floor by the application of a
constant force with a magnitude of 120 newtons
acting at an angle of 37° to the horizontal.

SeE S SIS S5 % Howif e Ao
floor

Calculate the total work done in pulling the
- box 10. meters across the floor. [2]

37 A 20.-newton block is at rest at the bottom of a
frictionless incline, as shown in the diagram

below.

3.0m

L

Fe—4.0 m——>

Calculate the WOI‘k' that must be done

against gravity to move the block to the top
of the incline. [2]

38 A student applies a constant horizontal force
having a magnitude of 20. newtons to move a
crate at a constant speed of 4.0 meters per second

- across a'rough floor. Calculate the total work
done by the student on the 80.-kilogram crate
in 6.0 seconds. [3] |
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39 A student running up a flight of stairs increases
her speed at a constant rate. Which graph best
represents the relationship between work and

time for the student’s run up the stairs?

| = o = =
= = 2 2
Time Time Time Time
(1) (2) (3) )

40 On the axes below, sketch a line to represent the
relationship between gravitational potential
energy PE with respect to the ground and height
h above the ground for an object near the
surface of Earth. [1]

PE

0 h

% 41 On the axes below, sketch a line to represent the
' relationship between the elongation of an ideal
; spring and the applied force. [1]

Elongation

Force

42 A graph represents the relationship between the
weight attached to a suspended spring and the
resulting total length of the spring. What does the
horizontal intercept of the graph represent? [1]

43 On theaxes below, sketch a line to represent the
~ relationship between the elastic potential energy
stored in a spring PE, and the change in the
length of the spring from its equilibrium
position x. [1]

PE
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44 On the axes below, sketch a line to represent the
relationship between the kinetic energy KE of a

moving object and its speed v. [1]

Base your

KE

answers to questions 45 through 47 on the

graph below, which shows the relationship between
the force applied to an ideal spring and the
compression of the spring.

1

0.90 -

0.80 -

0.70 1

0.60 -

Force (N)

0.40 -

0.30 -

0.20 -

0.10 -

45 Calcul

0.50 -

Applied Force vs. Compression

.00 -

' :

0 0.0 020 030 040 050

Compression (displacement) (m)

ate the spring constant for the spring. [2]

46 Calcul

ate the elastic potential energy stored in the

spring when it is compressed 0.20 meter. [2]

47 Determine the total work done in compressing

- the spring 0.20 meter. [1]




48 A cart of mass M on a frictionless track starts from

rest at the top of a hill having height #,, as shown
in the diagram below.

M

W SR )

' ——— a— . e

What is the kinetic energy of the cart when it
reaches the top of the next hill /,? ‘
(1) Mghy (3) Mg(hy — h3)

(2) Mg(hy — hy) (4) 0

Base your answers to questions 49 through 53
on the information and graph below.

A 2.0-kilogram object moves along a horizontal
frictionless surface. The graph shows the relationship
between the object’s velocity and elapsed time.

Velocity vs. Time

B &
e
82 51/ D| [E
=
A F

012345 6:7 891012
Time (s)

49 Calculate the distance the object moves during
interval EF. [2] ‘

50 What is the net force on the object during the
interval DE? [1] '

51 Calculate the magnitude of the momentum of
the object during interval BC. [2]

52 Calculate the kinetic energy of the object during
interval BC. [2]

53 Identify an interval during which work is not
being done on the object. [1]

Base your answers to questions 54 through 58 on the
information and diagram below.

A 3.0-kilogram mass is being moved at constant
speed across a horizontal surface by a constant
6.0-newton horizontal force to the left.

F=60N - = 3.0 kg

~ 40m -{

N _‘ M

54 What is the change in kinetic energy of the mass . {
as it is moved from point M to point N? [1]

55 Calculate the total work done in 2.0 seconds if
energy is supplied at a rate of 10.0 watts. [2]

56 What is the magnitude of the force of friction
acting on the mass? [1] '

57 Calculate the magnitude of the acceleration that
would be produced by the 6.0-newton force if the
surface the mass slides on was frictionless. [2]

58 Calculate the gravitational potential energy of the
3.0-kilogram mass with respect to the horizontal
surface if the mass was raised to a height of
4.0 meters. [2]

Base your answers to questions 59 through 63
on the information and diagram below. ]

A simple pendulum with a 2.00-kilogram bob and a

length of 10.0 meters is released from rest at position
1 and swings without friction through position 4. At
position 3, its lowest point, the speed of the bob is

6.00 meters per second.
L L

C -

1 \ L /D
28 Mt T d o
L

59 At which point does the bob have its maximum
kinetic energy? [1]

60 Calculate the gravitational potential energy of the
bob at position 1 with respect to position 3. [2]

61 At position 4, toward which point, A, B, C, or D, is
the centripetal force directed? [1]

62 Calculate the magnitude of the centripetal
acceleration of the bob at position 3. [2]

63 Compare the sum of the kinetic and potential
energies of the bob at position 1 (with respect to
position 3) to the sum of the kinetic and potential
energies of the bob at position 2 (again, with
respect to position 3). [1]
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Base yout answers to questions 64 through 66 on the information and diagram
below which is drawn to a scale of 1.0 centimeter = 3.0 meters.

A 650-kilogram roller coaster car starts from rest at the top of the first hill of its track

and glides freely. [Neglect friction.]

First
hill

J

Scale
1.0cm=3.0m

Second

Third

End of
ride

64 Using a metric ruler and the scale 1.0 cm = 3.0 m,
determine the height of the first hill. [1]

65 Calculate the gravitational potential energy of the
car at the top of the first hill with respect to the

end of the ride. [2]

66 Compare the kinetic energy of the car at the top of

the second hill to its kinetic energy at the top of
the third hill. [1]

68 Calculate the kinetic energy of the block at the
point of impact. [2]

69 Determine the total amount of mechanical energy
“lost” by the block as it falls. [1]

70 Explain what happens to the mechanical energy
that is “lost” by the block. [1]

Base your answers to questions 67 through 70 on the

information below.

A 6.00-kilogram concrete block is dropped from the
top of a tall building. The block falls a distance of 55.0
meters and has a speed of 30.0 meters per second
when it hits the ground. '

67 Calculate the gravitational potential energy of the
block with respect to the ground at the instant it is

released. [2]
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Base your answers to questions 71 through 74 on the
information and data table below.

A student performs a laboratory activity in which

~ a constant 15-newton force acts on a 2.0-kilogram

mass. The work done over time is summarized in
the data table.

Time (s) Work (J)
0 0 |
1.0 32
2.0 59
3.0 39
4.0 120.




71 Using information in the data table, construct a
graph on the grid provided following the

directions below:
¢ Mark an appropriate scale on the axis labeled
“Work (J).” [1]

e Plot the data points. [1]
e Draw the best-fit line. [1]

Work vs. Time
- e
J { - -
T 1
- m— T +
Sur ) ol 1
x /
o)
- + Y —————————r——————
<

0 1.0 2.0 3.0 4.0 5.0

Time (s)

72 Calculate the slope of the line of best fit. [2]

73 What is the physical significance of the slope of
the graph? [1]

74 Based on your graph, how much time did it take
to do 75 joules of work? [1]

- Base your answers to questions 75'through 77 on

your knowledge of physics.

75 Explain why it requires more work to stop a ferry
boat than a canoe if both are originally traveling
with the same velocity. [1]

76 A 2.0-kilogram ball is used as the bob of a
pendulum suspended from the ceiling of a
classroom. The bob is drawn from its equilibrium

position and released from the tip of a student’s
nose. Explain why, if the student does not move,
there is no danger of the student being struck on
the return swing. [1]

77 A 700.-newton physics teacher runs at constant
speed up a flight of stairs rising 6.0 meters in

7.0 seconds. Explain why the teacher can claim he
is more powerful than five 100-watt incandescent

 light bulbs. [1]

Part C

78 Determine the relationship between joules and
1.00 kilowatt - hour. [1]

79 The diagram below shows a small mass sliding
along a frictionless track having a loop of radius .

Vi=0

Using your knowledge of energy and circular
motion, prove that if the object is to remain on the
track at the top of the loop, the minimum height &
from which the object must be released from rest
is 2. [4]

- 80 Aballistic pendulum is a device consisting of a

large block of wood having mass m,, suspended
from two light-weight wires. The device is used to
measure the initial speed vg of a bullet having
mass mp. The bullet is shot into the wood and
stopped. The block with embedded bullet has
speed vy immediately after the collision. As the
diagram below shows, the bullet-block system
swings through some vertical distance %, as
mechanical energy is conserved.

W77777777777774 7777777777774

R K ~ Bullet

0
~
.

My + Mg
= Bis s oo ainie Sl ey

-

VBi :

y

Bullet

~ Derive an expression for the vertical distance # in
terms of m,,, mp, vg, and g. [3]
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‘81 When a mass m, hanging from a spring with
spring constant k, is set into up-and-down simple
harmonic motion, it has a period of vibration T,
which is given by the equation T = Zw\/_%. The
amount of elastic potential energy PE, stored in
this spring at any given instant is dependent on
its spring constant k and its elongation x. Derive
an expression for the potential energy stored in
the spring, PE,, in terms of m, T, and x. [2]

82 A spring in a toy car is compressed a distance, x.
When released, the spring returns to its original
length, transferring its energy to the car. |
Consequently, the car having mass m moves with
speed v. Derive the spring constant, k, of the car’s
spring in terms of m, x, and v. [Assume an ideal
mechanical system with no loss of energy.] [2]

83 A cart with mass m possesses kinetic energy KE.

Write an expression to represent the magnitude
of the momentum p of the cart in terms of m and

KE. [1]

Base your answers to questions 84 through 87 on the
information and diagrams below.

A block of mass m falls from rest a vertical distance k
- before striking a spring and compressing it a distance
—1. The spring has spring constant k. At the point
where the block first makes contact with the
uncompressed spring, the block has speed v and

distance is assumed to be zero. [Assume an ideal
system.] '

A B C

84 Write an equation that represents the gravitational
potential energy of the block-spring system, as
illustrated in A. [1]

85 Derive an expression for the speed v of the block

in terms of & at the instant it makes contact with
the uncompressed spring. [1]
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86 When the block comes to rest, the spring is
compressed a distance —y. Write an equation that
represents the conservation of energy of the
block-spring system in B and C in terms of the
variables stated in the problem or other '
conventional terms. [2]

87 Derive an expression for the spring constant k in
terms of g, v, m, and y. [1]

Base your answers to questions 88 and 89 on the
following information.

A student performed an experiment in which the
force applied to a spring was varied and the resulting
elongation measured. The data was graphed, as
shown, and the spring constant of the spring was
determined to be 60. newtons per meter.

Force vs. Elongation
24

18

12

Force (N)

0.10 020 0.30 040
Elongation (m)

The equivalent spring constant for multiple springs
connected in parallel is given by the following
equation:

k

eq parallel = kl U kz n k3 o R

For multiple springs connected in series the
equivalent spring constant is given by the equation:

st ey B fESral
T e St

keq series

In these equations, k;, ky, and k5 are the spring
constants of the individual springs.

88 On a grid, draw a line to represent two identical
springs with a spring constant of 60. newtons
per meter connected in series. Label the line
keq series [1]

89 On the grid draw a line to represent the same

two springs connected in parallel. Label the line

keq parallel [1]




Base your answers to questions 90 through 92 on
the following information and diagram.

A simple pendulum of length € has a bob of mass m.
The bob is released from rest at point A and swings to
“point B directly below the pivot point. At B the cord
comes in contact with a peg located a distance r above
the center of the bob. This causes the bob to travel in a
circular path to point C, as shown. [Neglect friction.
Assume a gravitational potential energy of zero at
point B.] |

A @ ‘ o
|
P ~
\
\
\
\
\:
\
NG
\\
\
N ._C
\ \\\
N \
N \\
N
My Peg —»L l
~ T /
NT /
~ r L/

90 Derive an expression for the speed vg of the bob
at point B in terms of € and g¢. [2]

91 Write an expression for the gravitational potential
energy of the bob at point C. [1]

92 Derive an expression for the speed v of the bob
at point C in terms of €, r, and g. [2]

Base_yOur answers to questions 93 through 96 on the
information below.

The driver of a car made an emergency stop on a

- straight horizontal road. The wheels locked and the
car skidded to a stop. The marks made by the rubber
 tires on the dry asphalt are 16 meters long, and the
car’s mass is 1200 kilograms.

93 Determine the weight of the car. [1]

94 Calculate the magnitude of the frictional force the
road applied to the car in stopping it. [2]

95 Calculate the work done by the frictional force in
stopping the car. [2]

96 Assuming that energy is conserved, calculate
the speed of the car before the brakes were
applied. [2]

Base your answers to questions 97 through 99 on the
information below.

A 50.-kilogram child running at 6.0 meters per second

jumps onto a stationary 10.-kilogram sled. The sled is

on a level frictionless surface.

97 Calculate the speed of the sled with the child after
she jumps onto the sled. [2]

98 Calculate the kinetic energy of the sled with the
child after she jumps onto the sled. [2]

99 After a short time, the moving sled with the child
aboard reaches a rough level surface that exerts a
constant frictional force of 54 newtons on the sled.
How much work must be done by friction to
bring the sled with the child to a stop? [1]

Base your answers to questlons 100 through 102 on
the information and diagram below.

A 1000.-kilogram empty cart moving with a speed

of 6.0 meters per second is about to collide with a
stationary loaded cart having a total mass of 5000.
kilograms, as shown. After the collision, the carts lock
and move together. [Assume friction is negligible.]

v,=6.0 m/s v,=0.0m/s
>
1000. kg
100 Calculate the speed of the combined carts after
the collision. [2]

101 Calculate the kinetic enefgy of the combined
carts after the collision. [2]

102 How does the kinetic energy of the combined
carts after the collision compare to the kinetic
energy of the carts before the collision? [1]
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Base your answers to questions 103 through 105 on
the information and diagram below.

A mass, M, is hung from a spring and reaches
equilibrium at position B. The mass is then raised to
position A and released. The mass oscillates between

positions A and C. [Neglect friction. ]

0“00000.
>

103 At which position, A, B, or C, is mass M located
when the kinetic energy of the system is at a
maximum? Explain your choice. [1]

104 At which position, A, B, or C, is mass M locéted
when the gravitational potential energy of
the system is at a maximum? Explain your

choice. [1] 3
105 At which position, A, B, or C, is mass M located

when the elastic potential energy of the system is

at a maximum? Explain your choice. [1]

Base your answers to questions 106 through 109 on
the following information and data table.

The spring in a dart launcher has a spring constant of
140 newtons per meter. The launcher has six power
settings, 0 through 5, with each successive setting
having a spring compression 0.020 meter beyond the
previous setting. During testing, the launcher is
aligned to the vertical, the spring is compressed, and
a dart is fired upward. The maximum vertical

displacement of the dart in each test trial is measured.

The results of the testing are shown in the table.
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Data Table -
P

ower Spring Dart’s Maximum
Setting | Compression | Vertical Displacement
1A () (m) |
0 0.000 0.00
1 0.020 1 0.29
2 0.040 T
=3 0.060 2.57
4 0.080 4.57
5 0.100 7.10

Using the information in the data table, construct

a graph on the grid provided following the

directions below.

106 Plot the data points for the dart’s maximum

vertical displacement versus spring compression.

[1]

107 Draw the line or curve of best fit. [1]

Dart’s Maximum Vertical Displacement
vs. Spring Compression

8.0

o
o

6.0

50

4.0

3.0

2.0

1.0

Dart’s Maximum Vertical Displacement (m)

0 0.020 0.040 0.060 0.080 0.100 0.120
Spring Compression (m)

108 Using information from your graph, calculate the
energy provided by the compressed spring that

causes the dart to achieve a maximum vertical
displacement of 3.50 meters. [2]

109 Determine the magnitude of the force, in
newtons, needed to compress the spring

0.040 meter. [1]

e .



