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Energy can change from

 one form
 

to another without a net loss or gain.

9
TH

E B
IG

ID
EA

........

E
nerg

y is the m
ost central concep

t und
erlying

 all 
of science. Surp

rising
ly, the id

ea of energ
y w

as 
unknow

n 
to 

Isaac 
N

ew
ton, 

and
 

its 
existence 

w
as still b

eing
 d

eb
ated

 in the 1850s. Even thoug
h 

the concep
t of energ

y is relatively new
, tod

ay w
e 

find
 it ing

rained
 not only in all b

ranches of science, 
b

ut 
in 

nearly 
every 

asp
ect 

of 
hum

an 
society. W

e are all q
uite fam

iliar w
ith 

energ
y. 

Energ
y 

com
es 

to 
us 

from
 

the 
sun in the form

 of sunlig
ht, it is in the 

food
 

w
e 

eat, 
and

 
it 

sustains 
life. 

Energ
y 

m
ay b

e the m
ost fam

iliar concep
t in science, 

yet 
it 

is 
one 

of 
the 

m
ost 

d
ifficult 

to 
d

efine. 
Persons, p

laces, and
 thing

s have energ
y, b

ut w
e ob

serve 
only the effects of energ

y w
hen som

ething
 is hap

p
en-

ing
—

only w
hen energ

y is b
eing

 transferred
 from

 one 
p

lace to another or transform
ed

 from
 one form

 to 
another. W

e b
eg

in our stud
y of energ

y b
y ob

serving
 

a related
 concep

t, w
ork.

W
here D

oes a Pop
p

er Toy G
et 

Its Energ
y?

1.
Turn a popper (slice of a hollow

 rubber ball) 
inside out and place it on a table or floor. 
O

bserve w
hat happens to the popper toy.

2.
O

nce again com
press the popper and drop it 

onto a table or floor. O
bserve w

hat happens 
to the popper.

A
nalyze and

 C
onclud

e
1.

O
bserving

W
hat propelled the popper into 

the air?
2.

Predicting  W
ill dropping the popper from

 
greater heights m

ake the popper jum
p 

higher? Explain.
3.

M
aking G

eneralizations  D
escribe w

here the 
popper got the energy to m

ove upw
ard and 

dow
nw

ard through the air.

d
isco

ve
r!

1
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s
•  D

efin
e an

d
 d

escrib
e w

o
rk. (9.1)

•  D
efin

e an
d

 d
escrib

e p
o

w
er. 

(9.2)

•  State th
e tw

o
 fo

rm
s o

f 
m

ech
an

ical en
erg

y. (9.3)

•  State th
ree fo

rm
s o

f p
o

ten
tial 

en
erg

y. (9.4)

•  D
escrib

e h
o

w
 w

o
rk an

d
 kin

etic 
en

erg
y are related

. (9.5)

•  State th
e w

o
rk-en

erg
y 

th
eo

rem
. (9.6)

•  State th
e law

 o
f co

n
servatio

n
 

o
f en

erg
y. (9.7)

•  D
escrib

e h
o

w
 a m

ach
in

e u
ses 

en
erg

y. (9.8)

•  Exp
lain

 w
h

y n
o

 m
ach

in
e can

 b
e 

100%
 efficien

t. (9.9)

•  D
escrib

e th
e ro

le o
f en

erg
y in

 
livin

g
 o

rg
an

ism
s. (9.10)

d
isco

ver!
M

A
TE

R
IA

LS “p
o

p
p

er” to
y o

r 
h

o
m

e-m
ad

e p
o

p
p

er

A
N

A
LY

Z
E A

N
D C

O
N

C
LU

D
E

 W
h

en
 th

e p
o

p
p

er ab
ru

p
tly 

retu
rn

s to
 its o

rig
in

al 
sh

ap
e, its elastic p

o
ten

tial 
en

erg
y is tran

sfo
rm

ed
 in

to
 

kin
etic en

erg
y an

d
 th

en
 

g
ravitatio

n
al p

o
ten

tial 
en

erg
y.

 Y
es; th

e p
o

p
p

er h
as m

o
re 

g
ravitatio

n
al p

o
ten

tial 
en

erg
y w

h
en

 it is d
ro

p
p

ed
 

fro
m

 a g
reater h

eig
h

t. Th
is 

resu
lts in

 a g
reater en

erg
y 

tran
sfo

rm
atio

n
.

 Th
e p

o
p

p
er’s so

u
rce o

f 
en

erg
y is th

e w
o

rk d
o

n
e 

to
 d

efo
rm

 it an
d

 th
e w

o
rk 

d
o

n
e to

 elevate it ag
ain

st 
Earth

’s g
ravity.

1.2.3.



9.1 W
ork

T
he previous chapter show

ed that the change in an object’s m
otion is 

related to both force and how
 long the force acts. “H

ow
 long” m

eant 
tim

e. R
em

em
ber, the quantity force

!
tim

e is called im
pulse. B

ut “how
 

long” need not alw
ays m

ean tim
e. It can m

ean distance also. W
hen 

w
e consider the quantity force

!
distance, w

e are talking about the 
concept of w

ork.  W
ork  is the product of the net force on an object 

and the distance through w
hich the object is m

oved.
W

e do w
ork w

hen w
e lift a load against Earth’s gravity. T

he 
heavier the load or the higher w

e lift it, the m
ore w

ork w
e do. 

W
ork is done w

hen a force acts on an object and the object 
m

oves in the direction of the force.
Let’s look at the sim

plest case, in w
hich the force is constant and 

the m
otion takes place in a straight line in the direction of the force. 

T
hen the w

ork done on an object by an applied force is the product 
of the force and the distance through w

hich the object is m
oved. 9.1

w
ork

�
net force �

 distance

In equation form
,

W
�

Fd

If w
e lift tw

o loads up one story, w
e do tw

ice as m
uch w

ork 
as w

e w
ould in lifting one load the sam

e distance, because the 
force needed to lift tw

ice the w
eight is tw

ice as great. Sim
ilarly, 

if w
e lift one load tw

o stories instead of one story, w
e do tw

ice 
as m

uch w
ork because the distance is tw

ice as great.
N

otice that the definition of w
ork involves both a force and

a distance. T
he w

eight lifter in Figure 9.1 is holding a barbell 
w

eighing 1000 N
 over his head. H

e m
ay get really tired hold-

ing it, but if the barbell is not m
oved by the force he exerts, he 

does no w
ork on the barbell. W

ork m
ay be done on the m

uscles 
by stretching and squeezing them

, w
hich is force tim

es distance 
on a biological scale, but this w

ork is not done on the barbell. 
Lifting the barbell, how

ever, is a different story. W
hen the w

eight 
lifter raises the barbell from

 the floor, he is doing w
ork on it.

W
ork generally falls into tw

o categories. O
ne of these is the 

w
ork done against another force. W

hen an archer stretches her 
bow

string, she is doing w
ork against the elastic forces of the 

bow
. Sim

ilarly, w
hen the ram

 of a pile driver is raised, w
ork is 

required to raise the ram
 against the force of gravity. W

hen you 
do push-ups, you do w

ork against your ow
n w

eight. You do 
w

ork on som
ething w

hen you force it to m
ove against the influ-

ence of an opposing force—
often friction.

FIG
U

RE 9.1 !
W

ork is done in lifting the barbell 
but not in holding it steady. If the 
barbell could be lifted tw

ice as 
high, the w

eight lifter w
ould have 

to do tw
ice as m

uch w
ork.

Suppose that you apply a 
60-N

 horizontal force to 
a 32-kg package, w

hich 
pushes it 4 m

eters across 
a m

ailroom
 floor. H

ow
 

m
uch w

ork do you do on 
the package?
Answ

er: 9.1

th
in

k
!
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9.1  W
ork

K
e

y
 Te

rm
s

w
o

rk, jo
u

le 

"
 Teach

in
g

 Tip
 W

h
en

 
d

escrib
in

g
 w

o
rk, sp

ecify o
n

 w
h

at 
o

b
ject th

e w
o

rk is d
o

n
e. If yo

u
 

p
u

sh
 a w

all, yo
u

 d
o

 n
o

 w
o

rk o
n

 
th

e w
all u

n
less it m

o
ves. Th

e key 
p

o
in

t h
ere is th

at if w
o

rk is d
o

n
e 

o
n

 an
 o

b
ject, th

en
 th

e en
erg

y o
f 

th
at o

b
ject ch

an
g

es.

"
 Teach

in
g

 Tip
 D

efin
e w

o
rk 

an
d

 relate it to
 th

e liftin
g

 o
f a 

b
arb

ell, as sh
o

w
n

 in
 Fig

u
re 9.1. 

W
h

en
 w

o
rk is d

o
n

e o
n

 th
e 

b
arb

ell, tw
o

 th
in

g
s h

ap
p

en
: (1) a 

fo
rce is exerted

 o
n

 th
e b

arb
ell, 

an
d

 (2) th
e b

arb
ell is m

o
ved

 b
y 

th
at fo

rce. If th
e b

arb
ell is sim

p
ly 

h
eld

 still, th
e w

eig
h

tlifter w
ill g

et 
tired

, an
d

 feel like h
e is d

o
in

g
 

w
o

rk. W
ith

 each
 co

n
tractio

n
 o

f 
th

e w
eig

h
t lifter’s h

eart, a fo
rce 

is exerted
 th

ro
u

g
h

 a d
istan

ce o
n

 
h

is b
lo

o
d

 an
d

 so
 d

o
es w

o
rk o

n
 

th
e b

lo
o

d
. H

e m
ay w

ell b
e d

o
in

g
 

w
o

rk o
n

 h
im

self th
ro

u
g

h
 tin

y 
m

o
vem

en
ts in

 h
is b

o
d

y tissu
es, 

b
u

t h
e is d

o
in

g
 n

o
 w

o
rk o

n
 th

e 
b

arb
ell u

n
less th

e fo
rce h

e exerts 
m

o
ves th

e b
arb

ell.

 A
sk  W

ork is done lifting a 
barbell. H

ow
 m

uch m
ore w

ork 
is done lifting a tw

ice-as-heavy 
barbell the sam

e distance? Tw
ice 

as m
u

ch
 H

ow
 m

uch m
ore w

ork 
is done lifting a tw

ice-as-heavy 
barbell tw

ice as far? Fo
u

r tim
es 

as m
u

ch
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T
he other category of w

ork is w
ork done to change the speed 

of an object. T
his kind of w

ork is done in bringing an autom
obile 

up to speed or in slow
ing it dow

n. In both categories, w
ork involves 

a transfer of energy betw
een som

ething and its surroundings.
T

he unit of m
easurem

ent for w
ork com

bines a unit of force, N
, 

w
ith a unit of distance, m

. T
he resulting unit of w

ork is the new
ton-

m
eter (N

·m
), also called the  joule  (rhym

es w
ith cool) in honor 

of Jam
es Joule. O

ne joule (J) of w
ork is done w

hen a force of 1 N
 

is exerted over a distance of 1 m
, as in lifting an apple over your 

head. For larger values, w
e speak of kilojoules (kJ)—

thousands of 
joules—

or m
egajoules (M

J)—
m

illions of joules. T
he w

eight lifter 
in Figure 9.1 does w

ork on the order of kilojoules. To stop a loaded 
truck going at 100 km

/h takes m
egajoules of w

ork.

CO
N

CEP
T

CH
ECK

......W
hen is w

ork d
one on an ob

ject?

9.2 Pow
er

T
he definition of w

ork says nothing about how
 long it takes to do the 

w
ork. W

hen carrying a load up som
e stairs, you do the sam

e am
ount 

of w
ork w

hether you w
alk or run up the stairs. So w

hy are you m
ore 

tired after running upstairs in a few
 seconds than after w

alking 
upstairs in a few

 m
inutes? To understand this difference, w

e need to 
talk about how

 fast the w
ork is done, or pow

er.  Pow
er  is the rate 

at w
hich w

ork is done. 
Pow

er equals the am
ount of w

ork done 
divided by the tim

e interval during w
hich the w

ork is done.

pow
er

�
w

ork done
tim

e interval

A
 high-pow

er engine does w
ork rapidly. A

n autom
obile 

engine that delivers tw
ice the pow

er of another autom
obile 

engine does not necessarily produce tw
ice as m

uch w
ork or go 

tw
ice as fast as the less pow

erful engine. Tw
ice the pow

er m
eans 

the engine can do tw
ice the w

ork in the sam
e am

ount of tim
e 

or the sam
e am

ount of w
ork in half the tim

e. A
 pow

erful 
engine can get an autom

obile up to a given speed in less tim
e 

than a less pow
erful engine can.

T
he unit of pow

er is the joule per second, also know
n as 

the
 w

att,  in honor of Jam
es W

att, the eighteenth-century 
developer of the steam

 engine. O
ne w

att (W
) of pow

er is 
expended w

hen one joule of w
ork is done in one second. 

O
ne kilow

att (kW
) equals 1000 w

atts. O
ne m

egaw
att (M

W
) 

equals one m
illion w

atts. T
he space shuttle in Figure 9.2 uses 

33,000 M
W

 of pow
er. 

FIG
U

RE 9.2 !
The three m

ain engines 
of the space shuttle can 
develop 33,000 M

W
 of 

pow
er w

hen fuel is burned 
at the enorm

ous rate of 
3400 kg/s. This is like em

p-
tying an average-size sw

im
-

m
ing pool in 20 seconds!

The physics of a 
w

eightlifter holding a 
stationary barbell over-
head is no different 
than the physics of a 
table supporting a bar-
bell’s w

eight. N
o net 

force acts on the bar-
bell, no w

ork is done 
on it, and no change in 
its energy occurs.

1
4

6

"
 Teach

in
g

 Tip
 C

o
m

p
are 

w
o

rk to
 im

p
u

lse o
f th

e p
revio

u
s 

ch
ap

ter. In
 b

o
th

 co
n

cep
ts, a fo

rce 
is exerted

. Fo
r im

p
u

lse, th
e fo

rce 
is exerted

 o
ver a certain

 tim
e 

in
terval; fo

r w
o

rk, it is exerted
 

o
ver a certain

 d
istan

ce.

 
W

o
rk is d

o
n

e w
h

en
 a 

fo
rce acts o

n
 an

 
o

b
ject an

d
 th

e o
b

ject m
o

ves in
 

th
e d

irectio
n

 o
f th

e fo
rce.

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s

•  Reading and Study 
W

orkbook
•  Presentation

EX
PR

ESS

•  Interactive Textbook
•  N

ext-Tim
e Q

uestion 9-1
•  Conceptual Physics A

live! 
D

V
D

s En
erg

y

9.2  Pow
er

K
e

y
 Te

rm
s

p
o

w
er, w

att

 
Po

w
er eq

u
als th

e 
am

o
u

n
t o

f w
o

rk 
d

o
n

e d
ivid

ed
 b

y th
e tim

e in
terval 

d
u

rin
g

 w
h

ich
 th

e w
o

rk is d
o

n
e.

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s

•  Reading and Study 
W

orkbook
•  Problem

-Solving Exercises in 
Physics 6-1

•  Presentation
EX

PR
ESS

•  Interactive Textbook

C
O

N
C
EP

T
CH

ECK

......

C
O

N
C
EP

T
CH

ECK

......

C
O

N
C
EP

T
CH

ECK

......

C
O

N
C
EP

T
CH

ECK

......

 Tell students that to vertically 
lift a quarter-pound ham

burger 
with cheese 1 m

 in 1 s requires 
one watt of power.
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In the U
nited States, w

e custom
arily rate engines in units of 

horsepow
er and electricity in kilow

atts, but either m
ay be used. In the 

m
etric system

 of units, autom
obiles are rated in kilow

atts. O
ne horse-

pow
er (hp) is the sam

e as 0.75 kW
, so an engine rated at 134 hp is a 

100-kW
 engine.

CO
N

CEP
T

CH
ECK

......H
ow

 can you calculate p
ow

er?

9.3 M
echanical Energy

W
hen w

ork is done by an archer in draw
ing back a bow

string, the 
bent bow

 acquires the ability to do w
ork on the arrow

. W
hen w

ork is 
done to stretch a rubber band, the rubber band acquires the ability to 
do w

ork on an object w
hen it is released. W

hen w
ork is done to w

ind 
a spring m

echanism
, the spring acquires the ability to do w

ork on 
various gears to run a clock, ring a bell, or sound an alarm

.
In each case, som

ething has been acquired that enables the object 
to do w

ork. It m
ay be in the form

 of a com
pression of atom

s in the 
m

aterial of an object; a physical separation of attracting bodies; or 
a rearrangem

ent of electric charges in the m
olecules of a substance. 

T
he property of an object or system

 that enables it to do w
ork is 

 energy. 9.3 Like w
ork, energy is m

easured in joules. It appears in 
m

any form
s that w

ill be discussed in the follow
ing chapters. For 

now
 w

e w
ill focus on m

echanical energy.  M
echanical energy  is the 

energy due to the position of som
ething or the m

ovem
ent of som

e-
thing. 

T
he tw

o form
s of m

echanical energy are kinetic energy 
and potential energy.

CO
N

CEP
T

CH
ECK

......W
hat are the tw

o form
s of m

echanical energ
y?

If a forklift is replaced 
w

ith a new
 forklift that 

has tw
ice the pow

er, how
 

m
uch greater a load can 

it lift in the sam
e am

ount 
of tim

e? If it lifts the sam
e 

load, how
 m

uch faster can 
it operate? Answ

er: 9.2

th
in

k
!

W
hat H

ap
p

ens W
hen You D

o W
ork on Sand

?
1.

Pour a handful of dry sand into a can. 
2.

M
easure the tem

perature of the sand w
ith a therm

om
eter.

3.
Rem

ove the therm
om

eter and cover the can.
4.

Shake the can vigorously for a m
inute or so. N

ow
 rem

ove 
the cover and m

easure the tem
perature of the sand again.

5.
D

escribe w
hat happened to the tem

perature of the sand 
after you shook it.

6.
Think

H
ow

 can you explain the change in tem
perature of 

the sand in term
s of w

ork and energy?

d
isco

ve
r!

1
4
7

9.3  M
echanical 

Energy
K

e
y

 Te
rm

s
en

erg
y, m

ech
an

ical en
erg

y

!
 Teach

in
g

 Tip
 Exp

lain
 th

at 
m

ech
an

ical en
erg

y b
eco

m
es 

evid
en

t o
n

ly w
h

en
 it ch

an
g

es 
fro

m
 o

n
e fo

rm
 to

 an
o

th
er, o

r 
w

h
en

 th
ere is m

o
tio

n
.

!
 Teach

in
g

 Tip
 Po

in
t o

u
t th

at 
m

ech
an

ical en
erg

y is relative. 
It d

ep
en

d
s o

n
 th

e lo
catio

n
 w

e 
ch

o
o

se fo
r o

u
r referen

ce fram
e. 

A
 1-N

 ap
p

le h
eld

 1 m
 ab

o
ve th

e 
flo

o
r h

as 1 J o
f PE, b

u
t w

h
en

 
h

eld
 o

u
t th

e w
in

d
o

w
 10 m

 ab
o

ve 
th

e g
ro

u
n

d
 it h

as 10 J. Th
e sam

e 
ap

p
le h

eld
 in

 yo
u

r lap
 h

as 0 K
E, 

b
u

t if yo
u

r lap
 is o

n
 th

e seat o
f 

a h
ig

h
-flyin

g
 jet p

lan
e, it h

as 
m

an
y jo

u
les o

f K
E relative to

 
th

e g
ro

u
n

d
 b

elo
w

. PE an
d

 K
E 

are relative to
 a sp

ecified
 o

r an
 

im
p

lied
 fram

e o
f referen

ce.

d
isco

ver!
M

A
TE

R
IA

LS d
ry san

d
, can

 w
ith

 
co

ver, th
erm

o
m

eter

E
X

P
E

C
TE

D O
U

TC
O

M
E Th

e 
tem

p
eratu

re o
f th

e san
d

 rises 
as a stu

d
en

t sh
akes th

e can
. 

TH
IN

K Th
e w

o
rk th

at a p
erso

n
 

d
o

es in
 sh

akin
g

 th
e can

 is 
co

n
verted

 in
to

 th
e th

erm
al 

en
erg

y o
f th

e san
d

.

 
Th

e tw
o

 fo
rm

s o
f 

m
ech

an
ical en

erg
y 

are kin
etic en

erg
y an

d
 p

o
ten

tial 
en

erg
y. 

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s

•  Laboratory M
anual 26

•  Probew
are Lab M

anual 7

CO
N

CEP
T

CH
ECK

......

CO
N

CEP
T

CH
ECK

......
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9.4 Potential Energy
A

n object m
ay store energy by virtue of its position. Energy that is 

stored and held in readiness is called  potential energy  (PE) because 
in the stored state it has the potential for doing w

ork. 
T

hree 
exam

ples of potential energy are elastic potential energy, chem
ical 

energy, and gravitational potential energy.

Elastic Potential Energy
 A

 stretched or com
pressed spring, for 

exam
ple, has a potential for doing w

ork. T
his type of potential energy 

is
elastic potential energy. W

hen a bow
 is draw

n back, energy is stored 
in the bow

. T
he bow

 can do w
ork on the arrow

. A
 stretched rubber 

band has potential energy because of its position. If the rubber band 
is part of a slingshot, it is also capable of doing w

ork.

Chem
ical Energy

 T
he chem

ical energy in fuels is also potential 
energy. It is actually energy of position at the subm

icroscopic level. 
T

his energy is available w
hen the positions of electric charges w

ithin 
and betw

een m
olecules are altered, that is, w

hen a chem
ical change 

takes place. A
ny substance that can do w

ork through chem
ical reac-

tions possesses chem
ical energy. Potential energy is found in fossil 

fuels, electric batteries, and the food w
e eat.

G
ravitational Potential Energy

 W
ork is required to elevate 

objects against Earth’s gravity. T
he potential energy due to elevated 

positions is gravitational potential energy. W
ater in an elevated 

reservoir and the raised ram
 of a pile driver have gravitational poten-

tial energy.FIG
U

RE 9.3 !
The potential energy of the 100-N

 boulder w
ith respect 

to the ground below
 is 200 J in each case because the 

w
ork done in elevating it 2 m

 is the sam
e w

hether the 
boulder is a. lifted w

ith 100 N
 of force, b. pushed up 

the 4-m
 incline w

ith 50 N
 of force, or c. lifted w

ith 100 N
 

of force up each 0.5-m
 stair. N

o w
ork is done in m

oving 
it horizontally, neglecting friction. 

W
hat tells you w

hether 
or not w

ork is done 
on som

ething is a 
change in its energy. 
N

o change in energy 
m

eans that no net w
ork 

w
as done on it.

1
4

8

9.4  Potential Energy
K

e
y

 Te
rm

p
o

ten
tial en

erg
y

"
 Teach

in
g

 Tip
 D

iscu
ss th

e 
elevated

 b
o

u
ld

er in
 Fig

u
re 9.3. 

Po
in

t o
u

t th
at th

e resu
ltin

g
 PE o

f 
th

e b
o

u
ld

er is th
e sam

e in
 each

 
case.

"
 Teach

in
g

 Tip
 A

n
 averag

e 
ap

p
le w

eig
h

s 1 N
. W

h
en

 it is 
h

eld
 1 m

 ab
o

ve th
e g

ro
u

n
d

, th
en

 
relative to

 th
e g

ro
u

n
d

 it h
as a PE 

o
f 1 J.

A
ttach

 a sp
rin

g
 scale to

 a 
p

en
d

u
lu

m
 b

o
b

 at its rest 
p

o
sitio

n
. Sh

o
w

 th
at a sm

all 
fo

rce p
u

lls it sid
ew

ays fro
m

 
its rest p

o
sitio

n
. C

o
m

p
are th

is 
fo

rce to
 th

e fo
rce th

at w
o

u
ld

 
b

e n
ecessary to

 lift it vertically 
(its w

eig
h

t). Sh
o

w
 th

at as 
th

e b
o

b
 is p

u
lled

 farth
er u

p
 

th
e arc, th

e fo
rce req

u
ired

 
to

 m
o

ve it in
creases. Th

is is 
b

ecau
se it is b

ein
g

 p
u

lled
 

ag
ain

st g
ravity, w

h
ich

 h
as 

n
o

 vecto
r co

m
p

o
n

en
t alo

n
g

 
th

e p
en

d
u

lu
m

 p
ath

 w
h

en
 

th
e p

en
d

u
lu

m
 is h

an
g

in
g

 at 
its lo

w
est p

o
in

t, b
u

t w
h

ich
 

in
creases as th

e p
en

d
u

lu
m

 is 
raised

. M
o

re w
o

rk is req
u

ired
 

to
 m

o
ve th

e p
en

d
u

lu
m

 eq
u

al 
d

istan
ces th

e farth
er th

e 
p

en
d

u
lu

m
 is raised

.

 A
sk  K

eeping the spring 
scale perpendicular to the 
string, predict w

hat the force 
w

ill be if the string is pulled 
through an angle of 90º and 
is horizontal. Th

e fo
rce w

ill 
b

e eq
u

al an
d

 o
p

p
o

site to
 th

e 
fo

rce o
f g

ravity o
n

 th
e b

o
b

—
its w

eig
h

t.

D
e
m

o
n

stra
tio

n
D

e
m

o
n

stra
tio

n
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T
he am

ount of gravitational potential energy possessed by an 
elevated object is equal to the w

ork done against gravity in lifting it. 
T

he w
ork done equals the force required to m

ove it upw
ard tim

es the 
vertical distance it is m

oved (rem
em

ber W
 =

 Fd). T
he upw

ard force 
required w

hile m
oving at constant velocity is equal to the w

eight, m
g,

of the object, so the w
ork done in lifting it through a height h is the 

product m
gh.

gravitational potential energy
�

w
eight

�
height

�
PE

�
m

gh

N
ote that the height is the distance above som

e arbitrarily 
chosen reference level, such as the ground or the floor of a building. 
T

he gravitational potential energy, m
gh, is relative to that level and 

depends only on m
g and h. For exam

ple, if you’re in a third-story 
classroom

 and a ball rests on the floor, you can say the ball is at 
height 0. Lift it and it has positive PE relative to the floor. Toss it out 
the w

indow
 and it has negative PE relative to the floor. W

e can see in 
Figure 9.3 that the potential energy of the boulder at the top of the 
ledge does not depend on the path taken to get it there.

H
ydroelectric pow

er stations m
ake use of gravitational potential 

energy. W
hen a need for pow

er exists, w
ater from

 an upper reservoir 
flow

s through a long tunnel to an electric generator. G
ravitational 

potential energy of the w
ater is converted to electrical energy. M

ost 
of this energy is delivered to consum

ers during daylight hours. A
 

few
 pow

er stations buy electricity at night, w
hen there is m

uch less 
dem

and. T
hey use this electricity to pum

p w
ater from

 a low
er res-

ervoir back up to the upper reservoir. T
his process, called pum

ped
storage, is practical w

hen the cost of electricity is less at night. T
hen 

electrical energy is transform
ed to gravitational potential energy. 

A
lthough the pum

ped storage system
 doesn’t generate any overall net 

energy, it helps to sm
ooth out differences betw

een energy dem
and 

and supply.

CO
N

CEP
T

CH
ECK

......N
am

e three exam
p

les of p
otential energ

y.

You lift a 100-N
 boulder 1 m

.
a. H

ow
 m

uch w
ork is done on the boulder?

b. W
hat pow

er is expended if you lift the boulder in a tim
e of 2 s?

c. W
hat is the gravitational potential energy of the boulder in the lifted 

position?
Answ

er: 9.4

th
in

k
!

For:
Visit:
W

eb Code:
 –

Links on potential energy
  w

w
w.SciLinks.org

 
csn 

0904

W
hen

h is below
 a 

reference point, PE is 
negative relative to 
that reference point.

1
4
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ath
. Th
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u
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n
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e w

o
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o
n

e 
alo

n
g

 th
e arc p

ath
 is co

m
p

licated
 

b
ecau

se th
e fo

rce co
n

tin
u

ally 
varies w

ith
 d

istan
ce. H

o
w

ever, 
th

e an
sw

er is also
 o

b
tain

ed
 b

y 
m

u
ltip

lyin
g

 th
e w

eig
h

t o
f th

e 
b

o
b

 b
y th

e vertical d
istan

ce 
it is raised

! Th
e w

o
rk d

o
n

e in
 

elevatin
g

 th
e b

o
b

 is th
e sam

e 
alo

n
g

 eith
er p

ath
, straig

h
t u

p
 

o
r alo

n
g

 th
e arc. G

ravitatio
n

al 
PE d

ep
en

d
s o

n
ly o

n
 w

eig
h

t an
d

 
h

eig
h

t—
n

o
t th

e p
ath

 taken
 to

 
g

et it th
ere.

!
 Teach

in
g

 Tip
 U

se th
e 

exam
p

le o
f d

ro
p

p
in

g
 a b

o
w

lin
g

 
b

all o
n

 yo
u

r to
e—

first fro
m

 a 
d

istan
ce o

f 1 m
m

 ab
o

ve yo
u

r to
e 

an
d

 th
en

 fro
m

 d
istan

ces u
p

 to
 

1 m
 ab

o
ve yo

u
r to

e. Each
 tim

e, 
th

e b
o

w
lin

g
 b

all w
o

u
ld

 d
o

 m
o

re 
w

o
rk o

n
 yo

u
r to

e, b
ecau

se it 
w

o
u

ld
 p

o
ssess m

o
re g

ravitatio
n

al 
PE w

h
en

 released
. 

 A
sk D

oes a car hoisted for 
lubrication in a service station 
have PE? Y

es, an
y elevated

 
b

o
d

y h
as PE w

ith
 resp

ect to
 an

y 
ch

o
sen

 referen
ce level—

u
su

ally 
th

e “g
ro

u
n

d
 level.”  H

ow
 m

uch 
w

ork w
ill raise the car tw

ice as 
high?  Tw

ice as m
u

ch
  H

ow
 m

uch 
w

ork is required to raise it three 
tim

es as high, and how
 m

uch PE 
w

ill it have? Th
ree tim

es as m
u

ch
 

o
f each

 
Th

ree exam
p

les o
f 

p
o

ten
tial en

erg
y are 

elastic p
o

ten
tial en

erg
y, ch

em
ical 

en
erg

y, an
d

 g
ravitatio

n
al 

p
o

ten
tial en

erg
y.
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9.5 K
inetic Energy

Push on an object and you can set it in m
otion. If an object is 

m
oving, then it is capable of doing w

ork. It has energy of m
otion, 

or
 kinetic energy  (K

E). T
he kinetic energy of an object depends on 

the m
ass of the object as w

ell as its speed. It is equal to half the m
ass 

m
ultiplied by the square of the speed.

Refer to N
ote 9.5 in 

A
ppendix G

 for the 
derivation of the 
equation

W
�
R

KE
.

The Sw
eet Spot

The sw
eet spot of a softball bat or a tennis racquet is the place w

here 
the ball’s im

pact produces m
inim

um
 vibrations in the racquet or bat. 

Strike a ball at the sw
eet spot and it goes 

faster and farther. Strike a ball in another 
part of the bat or racquet, and vibrations 
can occur that sting your hand! From

 an 
energy point of view, there is energy in the 
vibrations of the bat or racquet. There is 
energy  in the ball after being struck. Energy 
that is not in vibrations is energy available to 
the ball. D

o you see w
hy a ball w

ill go faster 
and farther w

hen struck at the sw
eet spot?

P
h

y
sics o

f S
p

o
rts

net force
�

distance
�

kinetic energy

Fd
�

m
v

2
12

kinetic energy
�

m
ass

�
speed

2
12

K
E

�
m

v
2

12
W

hen you throw
 a ball, you do w

ork on it to give it speed as it 
leaves your hand. T

he m
oving ball can then hit som

ething and push 
it, doing w

ork on w
hat it hits. 

T
he kinetic energy of a m

oving 
object is equal to the w

ork required to bring it to its speed from
 

rest, or the w
ork the object can do w

hile being brought to rest. 9.5

N
ote that the speed is squared, so if the speed of an object is 

doubled, its kinetic energy is quadrupled (2
2

!
 4). C

onsequently, it 
takes four tim

es the w
ork to double the speed. A

lso, an object m
oving 

tw
ice as fast takes four tim

es as m
uch w

ork to stop. W
henever w

ork is 
done, energy changes.

CO
N

CEP
T

CH
ECK

......H
ow

 are w
ork and

 the kinetic energ
y of a m

oving
 

ob
ject related

?
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9.5  K
inetic Energy

K
e

y
 Te

rm
kin

etic en
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C
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n
cep
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n

M
om

entum
 and K

E are the sam
e 

concept.

 FA
C

T M
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m
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 is m
v; K

E is 
1/2m

v
2.
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d
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o
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y, 

o
r kin

etic en
erg

y, an
d

 can
 d

o
 

w
o

rk b
ecau

se o
f its m

o
tio

n
. 

R
elate K

E to
 fo

rce 3
 d

istan
ce.

!
 Teach

in
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 Tip
  M

en
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n
 th

at 
K
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m

p
rises th

erm
al en

erg
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(h
ap

h
azard

 m
o

tio
n

 o
f m

o
lecu

les), 
so

u
n

d
 (vib

rato
ry m

o
tio

n
 o

f 
m

o
lecu

les), an
d

 lig
h

t (em
itted

 b
y 

th
e vib

rato
ry m

o
tio

n
 o

f electro
n

s 
in

 an
 ato

m
).

 A
sk  D

oes a car m
oving along 

a road have K
E?  A

n
y m

o
vin

g
 

o
b

ject h
as K

E, w
h

ich
 is a relative 

q
u

an
tity, as is sp

eed
. Th

e cu
p

 
o

f tea yo
u

 h
o

ld
 in

 a h
ig

h
-flyin

g
 

jet h
as K

E w
ith

 resp
ect to

 th
e 

g
ro

u
n

d
, b

u
t n

o
 K

E w
ith

 resp
ect 

to
 th

e sau
cer o

n
 w

h
ich

 it sits. If 
the speed of the car doubles, by 
how

 m
uch does the K

E increase?  
It’s m

u
ltip

lied
 b

y 4. If the speed 
triples?  It’s m

u
ltip

lied
 b

y 9.

 
Th

e kin
etic en

erg
y o

f 
a m

o
vin

g
 o

b
ject is 

eq
u

al to
 th

e w
o

rk req
u

ired
 to

 
b

rin
g

 it to
 its sp

eed
 fro

m
 rest, o

r 
th

e w
o

rk th
e o

b
ject can

 d
o

 w
h

ile 
b

ein
g

 b
ro

u
g

h
t to

 rest. 
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 Failure to distinguish between 
m

om
entum

 and KE gave rise to 
m

uch controversy in Europe 
after the tim

e of N
ewton. (The 

concept of KE was developed 
after N

ewton’s tim
e.)
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9.6 W
ork-Energy Theorem

So w
e see that to increase the kinetic energy of an object, w

ork m
ust 

be done on it. O
r if an object is m

oving, w
ork is required to bring it 

to rest. In either case, the change in kinetic energy is equal to the net 
w

ork done. T
he  w

ork-energy theorem
  describes the relationship 

betw
een w

ork and energy.  
T

he w
ork-energy theorem

 states that 
w

henever w
ork is done, energy changes. W

e abbreviate “change in” 
w

ith the delta sym
bol, ! , and say

W
ork

�
�

K
E

W
ork equals change in kinetic energy. T

he w
ork in this equation is the 

net w
ork—

that is, the w
ork based on the net force.

T
he w

ork-energy theorem
 em

phasizes the role of change. If there 
is no change in an object’s kinetic energy, then w

e know
 no net w

ork 
w

as done on it. Push against a box on a floor. If it doesn’t slide, then 
you are not doing w

ork on the box. Put the box on a very slippery 
floor and push again. If there is no friction at all, the w

ork of your 
push tim

es the distance of your push appears as kinetic energy of the 
box. If there is som

e friction, it is the net force of your push m
inus 

the frictional force that is m
ultiplied by distance to give the gain in 

kinetic energy. If the box m
oves at a constant speed, you are pushing 

just hard enough to overcom
e friction. T

hen the net force and net 
w

ork are zero, and, according to the w
ork-energy theorem

, ! K
E =

 0. 
T

he kinetic energy doesn’t change.
T

he w
ork-energy theorem

 applies to decreasing speed as w
ell. 

T
he m

ore kinetic energy som
ething has, the m

ore w
ork is required 

to stop it. Tw
ice as m

uch kinetic energy m
eans tw

ice as m
uch w

ork. 
W

hen w
e apply the brakes to slow

 a car, or the bike in Figure 9.4, w
e 

do w
ork on it. T

his w
ork is the friction force supplied by the brakes 

m
ultiplied by the distance over w

hich the friction force acts. 

!
 FIG

U
RE 9.4

D
ue to friction, energy 

is transferred both into 
the floor and into the tire 
w

hen the bicycle skids to 
a stop. a. A

n infrared cam
-

era reveals the heated tire 
track on the floor. b. The 
w

arm
th of the tire is also 

revealed.

A
 friend says that if you 

do 100 J of w
ork on a 

m
oving cart, the cart 

w
ill gain 100 J of KE. 

A
nother friend says this 

depends on w
hether or 

not there is friction. W
hat 

is your opinion of these 
statem

ents?
Answ

er: 9.6.1

th
in

k
!

a
b

1
5
1

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s

• Reading and Study 
W

orkbook
• Laboratory M

anual 30
• Presentation

EX
PR

ESS

• Interactive Textbook

9.6  W
ork-Energy 

Theorem
K

e
y

 Te
rm

 w
o

rk-en
erg

y th
eo

rem

"
 Teach

in
g

 Tip
  N

o
te th

e p
air 

o
f p

h
o

to
s in

 Fig
u

re 9.4 th
at 

n
icely sh

o
w

 th
e h

eat g
en

erated
 

b
y frictio

n
 o

n
 a skid

d
in

g
 b

icycle 
tire. H

o
w

 in
terestin

g
 it w

o
u

ld
 

b
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 p
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en
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g
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o
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 b
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d
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Interestingly, the m
axim

um
 friction that the brakes can supply is 

nearly the sam
e w

hether the car m
oves slow

ly or quickly. In a panic 
stop w

ith antilock brakes, the only w
ay for the brakes to do m

ore 
w

ork is to act over a longer distance. A
 car m

oving at tw
ice the speed 

of another has four tim
es (2

2
!

 4) as m
uch kinetic energy, and w

ill 
require four tim

es as m
uch w

ork to stop. Since the frictional force is 
nearly the sam

e for both cars, the faster one takes four tim
es as m

uch 
distance to stop. T

he sam
e rule applies to older-m

odel brakes that can 
lock the w

heels. T
he force of friction on a skidding tire is also nearly 

independent of speed. So, as accident investigators are w
ell aw

are, an 
autom

obile going 100 kilom
eters per hour, w

ith four tim
es the kinetic 

energy it w
ould have at 50 kilom

eters per hour, skids four tim
es as far 

w
ith its w

heels locked as it w
ould w

ith a speed of 50 kilom
eters per 

hour. Figure 9.5 show
s the skid distances for a car m

oving at 45 km
/h, 

90 km
/h, and 180 km

/h. T
he distances w

ould be even greater if the 
driver’s reaction tim

e w
ere taken into account. K

inetic energy depends 
on speed squared.

K
inetic energy often appears hidden in different form

s of energy, 
such as heat, sound, light, and electricity. R

andom
 m

olecular m
otion 

is sensed as heat. Sound consists of m
olecules vibrating in rhythm

ic 
patterns. Even light energy originates in the m

otion of electrons 
w

ithin atom
s. Electrons in m

otion m
ake electric currents. W

e see that 
kinetic energy plays a role in other energy form

s.

CO
N

CEP
T

CH
ECK

......W
hat is the w

ork-energ
y theorem

?

FIG
U

RE 9.5 !
Typical stopping distances for cars 
equipped w

ith antilock brakes traveling 
at various speeds. The w

ork done to 
stop the car is friction force "

 distance 
of slide. 

W
hen the brakes of a car are locked, the car skids to a stop. H

ow
 m

uch farther 
w

ill the car skid if it’s m
oving 3 tim

es as fast? 
Answ

er: 9.6.2

th
in

k
!

A
utom

obile brakes 
convert KE to heat. 
Professional drivers are 
fam

iliar w
ith another 

w
ay to brake—

shift to 
low

 gear and let the 
engine slow

 the vehicle. 
H

ybrid cars sim
ilarly 

divert braking energy 
to stored energy in 
batteries.

1
5

2

"
 Teach

in
g

 Tip
  Revisit the 

dem
onstration on page 131 and 

ask w
hy lifting and dropping tw

o 
balls doesn’t result in one ball 
popping out at tw

ice the speed. 
If that w

ere to occur, m
om

entum
 

w
ould be conserved (2m

v 5
 

m
2v). But this doesn’t occur 

because the K
E of the tw

ice-
as-fast ball w

ould exceed (be 
tw

ice) the K
E of the tw

o incident 
balls! [1/2 (2m

v 2) ?
 1/2m

(2v) 2, 
a conservation of energy no 
no!] This is a stum

per for m
ost 

students.

 
The w

ork-energy 
theorem

 states that 
w

henever w
ork is done, energy 

changes. 

T
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9.7 C
onservation of Energy

M
ore im

portant than know
ing w

hat energy is, is understanding how
 

it behaves—
how

 it transform
s. W

e can understand nearly every pro-
cess that occurs in nature if w

e analyze it in term
s of a transform

a-
tion of energy from

 one form
 to another. 

A
s you draw

 back the arrow
 in a bow

, as show
n in Figure 9.6, 

you do w
ork stretching the bow

. T
he bow

 then has potential energy. 
W

hen released, the arrow
 has kinetic energy equal to this potential 

energy. It delivers this energy to its target. T
he sm

all distance the 
arrow

 m
oves m

ultiplied by the average force of im
pact doesn’t quite 

m
atch the kinetic energy of the target. B

ut if you investigate further, 
you’ll find that both the arrow

 and target are a bit w
arm

er. B
y how

 
m

uch? B
y the energy difference. Energy changes from

 one form
 to 

another w
ithout a net loss or a net gain.

T
he study of the various form

s of energy and the transform
ations 

from
 one form

 into another is the  law
 of conservation of energy. 

T
he law

 of conservation of energy states that energy cannot be 
created or destroyed. It can be transform

ed from
 one form

 into 
another, but the total am

ount of energy never changes.

Figures 9.7 and 9.8 dem
onstrate conservation of energy in tw

o dif-
ferent system

s. W
hen you consider any system

 in its entirety, w
hether 

it is as sim
ple as the sw

inging pendulum
 or as com

plex as an explod-
ing galaxy, there is one quantity that does not change: energy. Energy 
m

ay change form
, but the total energy score stays the sam

e.

!
  FIG

U
RE 9.7

Part of the PE of the w
ound 

spring changes into K
E. 

The rem
aining PE goes into 

heating the m
achinery and 

the surroundings due to fric-
tion. N

o energy is lost.

FIG
U

RE 9.6 "
W

hen released, potential 
energy w

ill becom
e the 

kinetic energy of the arrow
.

!
 FIG

U
RE 9.8

Everyw
here along the path 

of the pendulum
 bob, the 

sum
 of PE and K

E is the 
sam

e. B
ecause of the w

ork 
done against friction, this 
energy w

ill eventually be 
transform

ed into heat.

1
5
3

9.7  Conservation 
of Energy

K
e
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 Te

rm
law

 o
f co

n
servatio

n
 o

f en
erg

y

C
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m
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o
n

 M
isco

n
cep

tio
n

Energy is conserved only under 
certain conditions.

 FA
C

T W
h

en
 en

erg
y ch

an
g

es fro
m

 
o

n
e fo

rm
 to

 an
o

th
er, it alw

ays 
tran

sfo
rm

s w
ith

o
u

t n
et lo

ss o
r 

g
ain

.

#
 Teach
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g

 Tip
   Tell stu

d
en

ts 
th

at w
h

en
 g

aso
lin

e co
m

b
in

es 
w

ith
 o

xyg
en

 in
 a car’s en

g
in

e, th
e 

ch
em

ical p
o

ten
tial en

erg
y sto

red
 

in
 th

e fu
el is co

n
verted

 m
ain

ly 
in

to
 m

o
lecu

lar K
E, o

r th
erm

al 
en

erg
y. So

m
e o

f th
is en

erg
y is 

tran
sferred

 to
 th

e p
isto

n
 an

d
 

so
m

e o
f th

is en
erg

y in
 tu

rn
 cau

ses 
m

o
tio

n
 o

f th
e car.
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g
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 start a fire, yo
u

 
tran

sfo
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 m
ech

an
ical en

erg
y in

to
 

h
eat. W

h
en

 yo
u

 d
o

 w
o

rk to
 w

in
d

 
u

p
 a sp

rin
g

 in
 a to

y cart, yo
u

 
g

ive it PE w
h

ich
 th

en
 tran

sfo
rm

s 
to

 K
E w

h
en

 th
e cart sp

eed
s u

p
 

o
n

 th
e flo

o
r. W

h
en

 th
e sp

eed
 

b
eco

m
es co

n
stan

t, co
n

tin
u

ed
 

tran
sfo

rm
atio

n
 o

f PE d
o

es w
o

rk 
ag

ain
st frictio

n
 an

d
 p

ro
d

u
ces 

h
eat. (W

ith
o

u
t frictio

n
, K

E 
w

o
u

ld
 keep

 in
creasin

g
 w

ith
 

d
ecreasin

g
 PE.)

A
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g
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 th

e p
en
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 d
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tran

sfo
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m

 PE to
 

K
E to
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iscu

ss th
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le 
o

f frictio
n
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 d
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p

in
g

 th
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p
en

d
u

lu
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 th
e 
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u

en
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arm
in

g
 o

f th
e 

ro
o

m
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T
his energy score takes into account the fact that each atom

 that 
m

akes up m
atter is a concentrated bundle of energy. W

hen the nuclei 
(cores) of atom

s rearrange them
selves, enorm

ous am
ounts of energy 

can be released. T
he sun shines because som

e of its nuclear energy is 
transform

ed into radiant energy. In nuclear reactors, nuclear energy 
is transform

ed into heat.
Enorm

ous com
pression due to gravity in the deep hot interior 

of the sun causes hydrogen nuclei to fuse and becom
e helium

 nuclei. 
T

his high-tem
perature w

elding of atom
ic nuclei is called therm

o-
nuclear fusion and w

ill be covered later, in C
hapter 40. T

his process 
releases radiant energy, som

e of w
hich reaches Earth. Part of this 

energy falls on plants, and som
e of the plants later becom

e coal. 
A

nother part supports life in the food chain that begins w
ith m

icro-
scopic m

arine anim
als and plants, and later gets stored in oil. Part 

of the sun’s energy is used to evaporate w
ater from

 the ocean. Som
e 

w
ater returns to Earth as rain that is trapped behind a dam

. B
y virtue 

of its elevated position, the w
ater behind the dam

 has potential energy 
that is used to pow

er a generating plant below
 the dam

. T
he generat-

ing plant transform
s the energy of falling w

ater into electrical energy. 
Electrical energy travels through w

ires to hom
es w

here it is used for 
lighting, heating, cooking, and operating electric toothbrushes. H

ow
 

nice that energy is transform
ed from

 one form
 to another!

CO
N

CEP
T

CH
ECK

......W
hat d

oes the law
 of conservation of energ

y state?

FIG
U

RE 9.9 !
W

hen the w
om

an in dis-
tress leaps from

 the burning 
building, note that the sum

 
of her PE and K

E rem
ains 

constant at each successive 
position all the w

ay dow
n to 

the ground.

Reactions
W

hat process provides energy for rockets that lift the 
space shuttle into orbit? W

hat process re leases energy from
 the food 

w
e eat? The answ

er is chem
ical reactions. D

uring a chem
ical reaction 

the bonds betw
een atom

s break and then reform
. Breaking bonds 

requires energy, and form
ing bonds releases it. Pulling atom

s apart 
is like pulling apart tw

o m
agnets stuck together; it takes energy to 

do it. And w
hen atom

s join, it is like tw
o separated m

agnets that slam
 

together; energy is released. Rapid 
energy re lease can produce flam

es. 
Slow

 energy re lease occurs during 
the digestion of food. The conser-
vation of energy rules chem

ical 
reactions. The am

ount of energy 
required to break a chem

ical bond 
is the sam

e am
ount released w

hen 
that bond is form

ed. Lin
k

 to
 C

H
E

M
IS

TR
Y

1
5

4

 
 Th

e law
 o

f 
co

n
servatio

n
 o

f 
en

erg
y states th

at en
erg

y can
n

o
t 

b
e created

 o
r d

estro
yed

. It can
 b

e 
tran

sfo
rm

ed
 fro

m
 o

n
e fo

rm
 in

to
 

an
o

th
er, b

u
t th

e to
tal am

o
u

n
t o

f 
en

erg
y n

ever ch
an

g
es.
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M
ake a long pendulum

 that 
extends from

 the ceiling 2 or 
3 m

 aw
ay from

 a w
all. Stand 

on a chair against the w
all 

w
ith the extended heavy 

pendulum
 bob held at the tip 

of your nose, or against your 
teeth. Release the bob and let 
it sw

ing out, and then back 
to your face. D

on’t flinch. 
Com

m
ent on your confidence 

in one of the m
ost central 

of the physical law
s—

the 
conservation of energy.

Preview
 electricity and 

m
agnetism

 and bring out 
the hand-cranked horseshoe-
m

agnet generator that lights 
up a lam

p. H
ave student 

volunteers note that m
ore 

w
ork is needed to turn the 

crank w
hen the lam

p is 
connected than w

hen it is not.

D
e
m

o
n
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n
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D
e
m

o
n
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n
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9.8 M
achines

A
 m

achine  is a device used to m
ultiply forces or sim

ply to change 
the direction of forces. T

he concept that underlies every m
achine is 

the conservation of energy. A
 m

achine cannot put out m
ore energy 

than is put into it. A
 m

achine cannot create energy.  
A

 m
achine 

transfers energy from
 one place to another or transform

s it from
 

one form
 to another.

Levers C
onsider one of the sim

plest m
achines, the lever, show

n in 
Figure 9.10. A

  lever  is a sim
ple m

achine m
ade of a bar that turns 

about a fixed point. A
t the sam

e tim
e w

e do w
ork on one end of the 

lever, the other end does w
ork on the load. W

e see that the direction 
of force is changed. If w

e push dow
n, the load is lifted up. If the heat 

from
 friction is sm

all enough to neglect, the w
ork input w

ill be equal 
to the w

ork output.

w
ork input

�
w

ork output

Since w
ork equals force tim

es distance, w
e can say

(force
�

distance)
input

�
(force

�
distance)

output

A
 little thought w

ill show
 that the pivot point, or  fulcrum

,  of the 
lever can be relatively close to the load. T

hen a sm
all input force 

exerted through a large distance w
ill produce a large output force 

over a correspondingly short distance. In this w
ay, a lever can m

ulti-
ply forces. H

ow
ever, no m

achine can m
ultiply w

ork or energy. T
hat’s 

a conservation of energy no-no!

C
onsider the ideal w

eightless lever in Figure 9.11. T
he child 

pushes dow
n 10 N

 and lifts an 80-N
 load. T

he ratio of output force 
to input force for a m

achine is called the  m
echanical advantage. 

H
ere the m

echanical advantage is (80 N
)/(10 N

), or 8. N
otice that the 

load m
oves only one-eighth of the distance the input force m

oves. 
N

eglecting friction, the m
echanical advantage can also be determ

ined 
by the ratio of input distance to output distance.

FIG
U

RE 9.11 !
The output force (80 N

) is eight tim
es 

the input force (10 N
), w

hile the output 
distance (1/8 m

) is one-eighth of the 
input distance (1 m

).

FIG
U

RE 9.10 !
In the lever, the w

ork 
(force !

 distance) 
done at one end is 
equal to the w

ork 
done on the load at 
the other end.

1
5
5

 9.8  M
achines

K
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m
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m
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u
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 Teach
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 A

p
p

ly en
erg

y 
co

n
servatio

n
 to

 th
e lever 

(Fig
u

re 9.10). [B
e carefu

l n
o

t 
to

 co
n

fu
se th

e d
istan

ces m
o

ved
 

w
ith

 th
e lever-arm

 d
istan

ces o
f 

to
rq

u
e (C

h
ap

ter 11)—
Fd

 h
ere 

refers to
 th

e fo
rce m

u
ltip

lied
 b

y 
th

e d
istan

ce th
e “fo

rce m
o

ves” 
(p

arallel to
 th

e fo
rce), w

h
ereas 

in
 th

e case o
f to

rq
u

e, d
 refers 

to
 th

e leverag
e d

istan
ce th

at 
is p

erp
en

d
icu

lar to
 th

e ap
p

lied
 

fo
rce.] Sh

o
w

 h
o

w
 varyin

g
 th

e 
p

o
sitio

n
 o

f th
e fu

lcru
m

 ch
an

g
es 

th
e relative valu

es o
f o

u
tp

u
t 

fo
rce an

d
 d

istan
ce m

o
ved

. Stress 
th

at th
is is in

 acco
rd

 w
ith

 th
e ru

le 
“w

o
rk in

p
u

t 5
 w

o
rk o

u
tp

u
t.”

 Good resource m
aterial is found 

at the beginning of Chapter 4 
in the first volum

e of The 
Feynm

an Lectures on Physics. 
Feynm

an com
pares the idea of 

energy conservation with a 
child’s m

isplaced blocks.
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T
hree com

m
on w

ays to set up a lever are show
n in Figure 9.12. 

A
 type 1 lever has the fulcrum

 betw
een the force and the load, or 

betw
een input and output. T

his kind of lever is com
m

only seen in a 
playground seesaw

 w
ith children sitting on each end of it. Push dow

n 
on one end and you lift a load at the other. You can increase force at 
the expense of distance. N

ote that the directions of input and output 
are opposite.

For a type 2 lever, the load is betw
een the fulcrum

 and the input 
force. To lift a load, you lift the end of the lever. O

ne exam
ple is plac-

ing one end of a long steel bar under an autom
obile fram

e and lift-
ing on the free end to raise the autom

obile. A
gain, force on the load 

is increased at the expense of distance. Since the input and output 
forces are on the sam

e side of the fulcrum
, the forces have the sam

e 
direction.

In the type 3 lever, the fulcrum
 is at one end and the load is at the 

other. T
he input force is applied betw

een them
. Your biceps m

uscles 
are connected to the bones in your forearm

 in this w
ay. T

he fulcrum
 

is your elbow
 and the load is in your hand. T

he type 3 lever increases 
distance at the expense of force. W

hen you m
ove your biceps m

uscles 
a short distance, your hand m

oves a m
uch greater distance. T

he input 
and output forces are on the sam

e side of the fulcrum
 and therefore 

they have the sam
e direction. 

Pulleys A
  pulley  is basically a kind of lever that can be used to 

change the direction of a force. Properly used, a pulley or system
 of 

pulleys can m
ultiply forces.

T
he single pulley in Figure 9.13a behaves like a type 1 lever. T

he 
axis of the pulley acts as the fulcrum

, and both lever distances (the 
radius of the pulley) are equal so the pulley does not m

ultiply force. 
It sim

ply changes the direction of the applied force. In this case, the 
m

echanical advantage equals 1. N
otice that the input distance equals 

the output distance the load m
oves.

FIG
U

RE 9.12 !
The three basic types of levers 
are show

n here. N
otice that 

the direction of the force is 
changed in type 1.

A
 m

achine can m
ultiply 

force, but never energy. 
N

o w
ay!

1
5
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    A

ckn
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w
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g
e 
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e th

ree d
ifferen

t typ
es o

f levers 
sh

o
w

n
 in

 Fig
u

re 9.12, w
ith

o
u

t 
o

verstatin
g

 th
e d

istin
ctio

n
 

b
etw

een
 th

e th
ree typ

es. Stress 
th

e relatio
n

sh
ip

 fD
 5

 Fd
, en

erg
y 

co
n

servatio
n

.

 A
sk  A

rchim
edes, the m

ost 
fam

ous scientist in ancient 
G

reece, stated that given a long-
enough lever and a place to 
stand, he could m

ove the w
orld. 

W
hat does this m

ean? In
 acco

rd
 

w
ith

 th
e lever eq

u
atio

n
 fD

 5
 Fd

, 
a fo

rce as g
reat as th

e w
eig

h
t o

f 
th

e w
o

rld
 co

u
ld

 b
e lifted

 w
ith

 
th

e fo
rce h

e co
u

ld
 m

u
ster—

as 
lo

n
g

 as th
ere w

as a p
lace fo

r 
h

im
 to

 stan
d

 an
d

 a p
lace fo

r th
e 

fu
lcru

m
!

!
 Teach

in
g

 Tip
    G

ive so
m

e 
o

th
er exam

p
les o

f levers:
  Typ

e 1:  cro
w

b
ar o

p
en

in
g

 a 
 

w
in

d
o

w
  Typ

e 2:  a h
an

d
 b

o
ttle cap

 
 

o
p

en
er 

  Typ
e 3:  a co

n
stru

ctio
n

 cran
e

 A
sk  In w

hich type of lever is 
w

ork output greater than w
ork 

input?   N
O

N
E! In

 n
o

 system
 can

 
w

o
rk o

u
tp

u
t exceed

 w
o

rk in
p

u
t! 

B
e clear ab

o
u

t th
e d

ifferen
ce 

b
etw

een
 w

o
rk an

d
 fo

rce.

A
 perpetual-m

otion m
achine (a 

device that can do work without 
energy input) is a no no. But 
perpetual m

otion itself, is a yes 
yes. A

tom
s and their electrons, 

and stars and their planets, 
for exam

ple, are in a state of 
perpetual m

otion. Perpetual 
m

otion is the natural order of 
things.
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In Figure 9.13b, the single pulley acts as a type 2 lever. C
areful 

thought w
ill show

 that the fulcrum
 is at the left end of the “lever” 

w
here the supporting rope m

akes contact w
ith the pulley. T

he load 
is suspended halfw

ay betw
een the fulcrum

 and the input end of the 
lever, w

hich is on the right end of the “lever.” Each new
ton of input 

w
ill support tw

o new
tons of load, so the m

echanical advantage is 2. 
T

his num
ber checks w

ith the distances m
oved. To raise the load 

1 m
, the w

om
an w

ill have to pull the rope up 2 m
. W

e can say the 
m

echanical advantage is 2 for another reason: the load is now
 sup-

ported by tw
o strands of rope. T

his m
eans each strand supports half 

the load. T
he force the w

om
an applies to support the load is there-

fore only half of the w
eight of the load.

T
he m

echanical advantage for sim
ple pulley system

s is the sam
e 

as the num
ber of strands of rope that actually support the load. In 

Figure 9.13a, the load is supported by one strand and the m
echanical 

advantage is 1. In Figure 9.13b, the load is supported by tw
o strands 

and the m
echanical advantage is 2. C

an you use this rule to state the 
m

echanical advantage of the pulley system
 in Figure 9.13c?

9.8

T
he m

echanical advantage of the sim
ple system

 in Figure 9.13c 
is 2. N

otice that although three strands of rope are show
n, only tw

o 
strands actually support the load. T

he upper pulley serves only to 
change the direction of the force. A

ctually experim
enting w

ith a 
variety of pulley system

s is m
uch m

ore beneficial than reading about 
them

 in a textbook, so try to get your hands on som
e pulleys, in or 

out of class. T
hey’re fun.

T
he pulley system

 show
n in Figure 9.14 is a bit m

ore com
plex, but 

the principles of energy conservation are the sam
e. W

hen the rope 
is pulled 5 m

 w
ith a force of 100 N

, a 500-N
 load is lifted 1 m

. T
he 

m
echanical advantage is (500 N

)/(100 N
), or 5. Force is m

ultiplied at 
the expense of distance. T

he m
echanical advantage can also be found 

from
 the ratio of distances: (input distance)/(output distance) !

 5.

CO
N

CEP
T

CH
ECK

......H
ow

 d
oes a m

achine use energ
y?

FIG
U

RE 9.14 !
A

 com
plex pulley system

 is 
show

n here.

FIG
U

RE 9.13 !
A

 pulley is useful. 
a. A

 pulley can change 
the direction of a force. 
b. A

 pulley m
ultiplies 

force. c. Tw
o pulleys can 

change the direction and 
m

ultiply force.
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Cite the cases of charlatans 
who devise com

plicated 
arrangem

ents of levers, pulleys, 
and other gadgets to design a 
m

achine that will have a greater 
work output than work input. 

U
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g
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o

d
el 

p
u
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 sh

o
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e p

u
lley 

arran
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 Fig

u
re 9.13. 
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9.9 Efficiency
T

he previous exam
ples of m

achines w
ere considered to be ideal. A

ll 
the w

ork input w
as transferred to w

ork output. A
n ideal m

achine 
w

ould have 100%
 efficiency. N

o real m
achine can be 100%

 efficient.   
In any m

achine, som
e energy is transform

ed into atom
ic or 

m
olecular kinetic energy—

m
aking the m

achine w
arm

er. W
e say 

this w
asted energy is dissipated as heat. 9.9.1

W
hen a sim

ple lever rocks about its fulcrum
, or a pulley turns 

about its axis, a sm
all fraction of input energy is converted into ther-

m
al energy. T

he  efficiency  of a m
achine is the ratio of useful energy 

output to total energy input, or the percentage of the w
ork input that 

is converted to w
ork output. Efficiency can be expressed as the ratio 

of useful w
ork output to total w

ork input. 

efficiency
�

useful w
ork output

total w
ork input

W
e m

ay put in 100 J of w
ork on a lever and get out 98 J of w

ork. 
T

he lever is then 98%
 efficient and w

e lose only 2 J of w
ork input as 

heat. In a pulley system
, a larger fraction of input energy is lost as 

heat. For exam
ple, if w

e do 100 J of w
ork, the friction on the pulleys 

as they turn and rub on their axle can dissipate 40 J of heat energy. 
So the w

ork output is only 60 J and the pulley system
 has an effi-

ciency of 60%
. T

he low
er the efficiency of a m

achine, the greater is 
the am

ount of energy w
asted as heat.

Inclined Planes A
n inclined plane is a m

achine. Sliding a load up 
an incline requires less force than lifting it vertically. Figure 9.15 show

s 
a 5-m

 inclined plane w
ith its high end elevated by 1 m

. U
sing the 

plane to elevate a heavy load, w
e push the load five tim

es farther than 
w

e lift it vertically. If friction is negligible, w
e need apply only one-

fifth of the force required to lift the load vertically. T
he inclined plane 

show
n has a theoretical m

echanical advantage of 5. 

FIG
U

RE 9.15 !
Pushing the block of ice 
5 tim

es farther up the 
incline than the vertical 
distance it’s lifted requires 
a force of only one-fifth its 
w

eight. W
hether pushed up 

the plane or sim
ply lifted, 

the ice gains the sam
e 

am
ount of PE.

W
hen it com

es to 
energy, you can never 
get som

ething for 
nothing.
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It is possible to get m

ore energy out 
of a m

achine than is put in.

 FA
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 as h
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efficien

t, an
d

 certain
ly can

n
o

t 
g
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 A
sk  W

hat does it m
ean to 

say a certain m
achine is 30%

 
efficient? It m

ean
s th

e m
ach

in
e 

w
ill co

n
vert 30%

 o
f th

e en
erg

y 
in

p
u

t to
 u

sefu
l w

o
rk—

70%
 o

f th
e 

en
erg

y in
p

u
t w

ill b
e w

asted
.

It should be enough that 
your students are acquainted 
with the ideas of efficiency 
and actual and theoretical 
m

echanical advantage. It is 
easy to let the plow blade sink 
deeper in this section, and 
turn this chapter toward the 
burdensom

e side of study. I 
therefore recom

m
end this 

section be treated lightly, and 
not used as prim

ary exam
ination 

fodder.
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A
n icy plank used to slide a block of ice up to som

e height m
ight 

have an efficiency of alm
ost 100%

. H
ow

ever, w
hen the load is a 

w
ooden crate sliding on a w

ooden plank, both the actual m
echanical 

advantage and the efficiency w
ill be considerably less. Friction w

ill 
require you to exert m

ore force (a greater w
ork input) w

ithout any 
increase in w

ork output. 
Efficiency can also be expressed as the ratio of actual m

echanical 
advantage to theoretical m

echanical advantage.

efficiency
�

actual m
echanical advantage

theoretical m
echanical advantage

Efficiency w
ill alw

ays be a fraction less than 1. To convert effi-
ciency to percent, w

e sim
ply express it as a decim

al and m
ultiply 

by 100%
. For exam

ple, an efficiency of 0.25 expressed in percent is 
0.25

!
 100%

, or 25%
.

Com
plex

 M
achines T

he auto jack show
n in Figure 9.16 is actu-

ally an inclined plane w
rapped around a cylinder. You can see that 

a single turn of the handle raises the load a relatively sm
all distance. 

If the circular distance the handle is m
oved is 500 tim

es greater than 
the pitch, w

hich is the distance betw
een ridges, then the theoretical 

m
echanical advantage of the jack is 500. 9.9.2 N

o w
onder a child can 

raise a loaded m
oving van w

ith one of these devices! In practice there 
is a great deal of friction in this type of jack, so the efficiency m

ight 
be about 20%

. T
hus the jack actually m

ultiplies force by about 100 
tim

es, so the actual m
echanical advantage approxim

ates an im
pres-

sive 100. Im
agine the value of one of these devices if it had been 

available w
hen the great pyram

ids w
ere being built!

A
n autom

obile engine is a m
achine that transform

s chem
ical 

energy stored in fuel into m
echanical energy. T

he m
olecules of the 

gasoline break up as the fuel burns. B
urning is a chem

ical reaction in 
w

hich atom
s com

bine w
ith the oxygen in the air. C

arbon atom
s from

 
the gasoline com

bine w
ith oxygen atom

s to form
 carbon dioxide, 

hydrogen atom
s com

bine w
ith oxygen, and energy is released. T

he 
converted energy is used to run the engine.

!
  FIG

U
RE 9.16 

The auto jack is like an 
inclined plane w

rapped 
around a cylinder. Every 
tim

e the handle is turned 
one revolution, the load 
is raised a distance of 
one pitch.

Energy is nature’s w
ay 

of keeping score.
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A
s physicists learned in the nineteenth century, transform

ing 
100%

 of therm
al energy into m

echanical energy is not possible. Som
e 

heat m
ust flow

 from
 the engine. Friction adds m

ore to the energy 
loss. Even the best-designed gasoline-pow

ered autom
obile engines are 

unlikely to be m
ore than 35%

 efficient. Som
e of the heat energy goes 

into the cooling system
 and is released through the radiator to the air. 

Som
e of it goes out the tailpipe w

ith the exhaust gases, and alm
ost 

half goes into heating engine parts as a result of friction. 
O

n top of these contributors to inefficiency, the fuel does not 
burn com

pletely. A
 certain am

ount of it goes unused. W
e can look at 

inefficiency in this w
ay: In any transform

ation there is a dilution of 
the am

ount of useful energy. U
seful energy ultim

ately becom
es ther-

m
al energy. Energy is not destroyed, it is sim

ply degraded. T
hrough 

heat transfer, therm
al energy is the graveyard of useful energy.

CO
N

CEP
T

CH
ECK

......W
hy can’t a m

achine b
e 100%

 efficient?

9.10 Energy for Life
Every living cell in every organism

 is a m
achine. Like any m

achine, liv-
ing cells need an energy supply. M

ost living organism
s on this planet 

feed on various hydrocarbon com
pounds that release energy w

hen 
they react w

ith oxygen. T
here is m

ore energy stored in gasoline than 
in the products of its com

bustion. 
T

here is m
ore energy stored in 

the m
olecules in food than there is in the reaction products after the 

food is m
etabolized. T

his energy difference sustains life. 9.10

T
he sam

e principle of com
bustion occurs in the m

etabolism
 

of food in the body and the burning of fossil fuels in m
echanical 

engines. T
he m

ain difference is the rate at w
hich the reactions take 

place. D
uring m

etabolism
, the reaction rate is m

uch slow
er and 

energy is released as it is needed by the body. Like the burning of fos-
sil fuels, the reaction is self-sustaining once it starts. In m

etabolism
, 

carbon com
bines w

ith oxygen to form
 carbon dioxide. 

T
he reverse process is m

ore difficult. O
nly green plants and cer-

tain one-celled organism
s can m

ake carbon dioxide com
bine w

ith 
w

ater to produce hydrocarbon com
pounds such as sugar. T

his pro-
cess is photosynthesis and requires an energy input, w

hich norm
ally 

com
es from

 sunlight. Sugar is the sim
plest food. A

ll other foods, such 
as carbohydrates, proteins, and fats, are also synthesized com

pounds 
containing carbon, hydrogen, oxygen, and other elem

ents. B
ecause 

green plants are able to use the energy of sunlight to m
ake food that 

gives us and all other organism
s energy, there is life.

CO
N

CEP
T

CH
ECK

......W
hat role d

oes energ
y p

lay in sustaining
 life?

A
 child on a sled (total 

w
eight 500 N

) is pulled up 
a 10-m

 slope that elevates 
her a vertical distance of 
1 m

. W
hat is the theoreti-

cal m
echanical advantage 

of the slope?
Answ

er: 9.9

th
in

k
!

In biology, you’ll learn 
how

 the body takes 
energy from

 the food 
you eat to build m

ol-
ecules of adenosine 
triphosphate, or ATP, 
and how

 this supply of 
ATP is used to run all 
the chem

ical reactions 
that sustain life.
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9.10   Energy for Life

This section can be skim
m

ed or 
can be the topic of a class on 
how the conservation of energy 
underlies all biology.
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!
 FIG

U
RE 9.17

Solar shingles look like 
traditional asphalt shingles 
but they are hooked into 
a hom

e’s electrical system
.

9.11 Sources of Energy
T

he sun is the source of practically all our energy on Earth. 
(Exceptions are nuclear and geotherm

al energy.) T
he energy from

 
burning w

ood com
es from

 the sun. Even the energy w
e obtain from

 
Earth’s com

post of the past—
fossil fuels such as petroleum

, coal, and 
natural gas—

com
es from

 the sun. T
hese fuels are created by photosyn-

thesis, the process by w
hich plants trap solar energy and store it 

as plant tissue. 

Solar Pow
er Sunlight is directly transform

ed into electricity by 
photovoltaic cells, like those found in solar-pow

ered calculators, or 
m

ore recently, in the flexible solar shingles on the roof of the build-
ing in Figure 9.17. W

e use the energy in sunlight to generate electric-
ity indirectly as w

ell. Sunlight evaporates w
ater, w

hich later falls as 
rain; rainw

ater flow
s into rivers and turns w

ater w
heels, or it flow

s 
into m

odern generator turbines as it returns to the sea. 
W

ind, caused by unequal w
arm

ing of Earth’s surface, is another 
form

 of solar pow
er. T

he energy of w
ind can be used to turn gen-

erator turbines w
ithin specially equipped w

indm
ills. B

ecause w
ind 

is not steady, w
ind pow

er cannot by itself provide all of our energy 
needs. B

ut because the w
ind is alw

ays blow
ing som

ew
here, w

indm
ills 

spread out over a large geographical area and integrated into a pow
er 

grid can m
ake a substantial contribution to the overall energy m

ix. 
H

arnessing the w
ind is very practical w

hen the energy it produces is 
stored for future use, such as in the form

 of hydrogen.

1
6
1
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transporters of energy are energy 
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Fuel Cells H
ydrogen, the least polluting of all fuels, 

holds m
uch prom

ise for the future. B
ecause it takes energy 

to m
ake hydrogen (to extract it from

 w
ater and carbon 

com
pounds), it is not a source of energy. A

 sim
ple m

ethod 
to extract hydrogen from

 w
ater is show

n in Figure 9.18. 
Place tw

o platinum
 w

ires that are connected to the ter-
m

inals of an ordinary battery into a glass of w
ater (w

ith 
an electrolyte dissolved in the w

ater for conductivity). B
e 

sure the w
ires don’t touch each other. B

ubbles of hydro-
gen form

 on one w
ire, and bubbles of oxygen form

 on the 
other. Electricity splits w

ater into its constituent parts.
If you m

ake the electrolysis process run backw
ard, you 

have a fuel cell. In a  fuel cell,  hydrogen and oxygen gas 
are com

pressed at electrodes to produce w
ater and electric 

current. T
he space shuttle uses fuel cells to m

eet its elec-
trical needs w

hile producing drinking w
ater for the astro-

nauts. H
ere on Earth, fuel-cell researchers are developing 

fuel cells for buses, autom
obiles, and trains.

N
uclear and G

eotherm
al Energy

 T
he m

ost concentrated 
form

 of usable energy is stored in uranium
 and plutonium

, w
hich are 

nuclear fuels. Interestingly, Earth’s interior is kept hot by producing 
a form

 of nuclear pow
er, radioactivity, w

hich has been w
ith us since 

the Earth w
as form

ed.
A

 byproduct of radioactivity in Earth’s interior is geotherm
al 

energy. G
eotherm

al energy is held in underground reservoirs of hot 
w

ater. G
eotherm

al energy is a practical energy source in areas of vol-
canic activity, such as Iceland, N

ew
 Z

ealand, Japan, and H
aw

aii. In 
these places, heated w

ater near Earth’s surface is tapped to provide 
steam

 for running turbogenerators. 
Energy sources such as nuclear, geotherm

al, w
ind, solar, and 

w
ater pow

er are environm
entally friendly. T

he com
bustion of fossil 

fuels, on the other hand, leads to increased atm
ospheric concentra-

tions of carbon dioxide, sulfur dioxide, and other pollutants. 
A

s the w
orld population increases, so does our need for energy. 

W
ith the rules of physics to guide them

, technologists are now
 

researching new
er and cleaner energy sources. B

ut they race to keep 
up w

ith w
orld population and greater dem

and in the developing 
w

orld. 

CO
N

CEP
T

CH
ECK

......W
hat is the source of p

ractically all of our 
energ

y on Earth?

FIG
U

RE 9.18 !
W

hen electric current passes 
through w

ater, bubbles of 
hydrogen form

 at one w
ire and 

bubbles of oxygen form
 at the 

other. In a fuel cell, the reverse 
process occurs: hydrogen and 
oxygen com

bine to produce 
w

ater and electricity.

W
atch for the grow

th 
of fuel-cell technology. 
The m

ajor hurdle for 
this technology is not 
the device itself, but 
w

ith acquiring hydro-
gen fuel econom

ically. 
O

ne w
ay is via solar 

cells.

1
6

2

"
 Teach

in
g

 Tip
 So

o
n

er o
r 

later, all th
e su

n
lig

h
t th

at falls 
o

n
 an

 eco
system

 w
ill b

e rad
iated

 
b

ack in
to

 sp
ace. En

erg
y in

 an
 

eco
system

 is alw
ays in

 tran
sit—

yo
u

 can
 ren

t it, b
u

t yo
u

 can
’t 

o
w

n
 it.

"
 Teach

in
g

 Tip
 W

h
en

 b
io

lo
g

ists 
talk o

f en
erg

y in
 livin

g
 system

s, 
th

ey’re talkin
g

 ab
o

u
t th

e sam
e 

en
erg

y d
iscu

ssed
 in

 th
is ch

ap
ter. 

O
u

r b
o

d
ies o

b
ey th

e sam
e 

p
rin

cip
les th

at levers an
d

 o
th

er 
m

ach
in

es o
b

ey.

"
 Teach

in
g

 Tip
 W

h
en

 ch
em

ical 
en

erg
y in

 g
u

n
p

o
w

d
er is su

d
d

en
ly 

tu
rn

ed
 in

to
 th

erm
al en

erg
y, 

exitin
g

 g
ases exp

an
d

 rap
id

ly an
d

 
p

u
sh

 th
e b

u
llet o

u
t o

f th
e g

u
n

. 
In

 d
o

in
g

 so
, th

e g
ases lo

se so
m

e 
o

f th
eir en

erg
y an

d
 co

o
l o

ff. 
Th

is en
erg

y g
o

es in
to

 th
e kin

etic 
en

erg
y o

f th
e b

u
llet. R

em
arkab

ly, 
if yo

u
 ad

d
 u

p
 all th

is en
erg

y, 
th

e to
tal en

erg
y is th

e sam
e. 

C
h

em
ical en

erg
y is co

n
verted

 
in

to
 th

erm
al en

erg
y an

d
 kin

etic 
en

erg
y, an

d
 th

e n
u

m
b

er o
f 

C
alo

ries (o
r Jo

u
les) after firin

g
 is 

exactly th
e sam

e as w
as sto

red
 

in
 th

e g
u

n
p

o
w

d
er. En

erg
y is 

co
n

served
.

 
Th

e su
n

 is th
e so

u
rce 

o
f p

ractically all o
u

r 
en

erg
y o

n
 Earth

.

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s

•  Reading and Study 
W

orkbook
•  Presentation

EX
PR

ESS

•  Interactive Textbook

C
O

N
C
EP

T
CH

ECK

......

C
O

N
C
EP

T
CH

ECK

......
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Energy Conservation
M

ost energy consum
ed 

in Am
erica com

es from
 fossil fuels. O

il, natural 
gas, and coal supply the energy for alm

ost all 
our industry and technology. About 70%

 of 
electrical pow

er in the United States com
es from

 
fossil fuels, w

ith about  21%
 from

 nuclear pow
er. 

W
orldw

ide, fossil fuels also account for m
ost 

energy consum
ption. W

e have grow
n to depend 

on fossil fuels because they have been plentiful 
and inexpensive. Until recently, our consum

ption 
w

as sm
all enough that w

e could ignore their 
environm

ental im
pact.

 
But things have changed. Fossil fuels are being 

consum
ed at a rate that threatens to deplete the 

entire w
orld supply. Locally and globally, our fossil 

fuel consum
ption is m

easurably polluting the air 
w

e breathe and the w
ater w

e drink. Yet, despite 
these problem

s, m
any people consider fossil fuels 

to be as inexhaustible as the sun’s glow
 and as 

acceptable as M
om

’s apple pie, because these 
fuels lasted and nurtured us through the 1900s. 
Financially, fossil fuels are still a bargain, but this 
is destined to change. Environm

entally, the costs 
are already dram

atic. Som
e other fuel m

ust take 
the place of fossil fuels if w

e are to m
aintain 

the industry and technology to w
hich w

e are 
accustom

ed. The French have chosen nuclear, w
ith 

about 74%
 of their electricity com

ing from
 nuclear 

pow
er plants. W

hat energy source w
ould you 

choose as an alternative?
In the m

eantim
e, w

e shouldn’t w
aste energy. 

As individuals, w
e should lim

it the consum
ption 

of useful energy by such m
easures as turning off 

unused electrical appliances, using less hot w
ater, 

going easy on heating and air conditioning, and 
driving energy-efficient autom

obiles. By doing 
these things, w

e are conserving useful energy.

Critical Thinking In how
 m

any reasonable w
ays 

can w
e reduce energy consum

ption?

S
cie

n
ce

, Te
ch

n
o

lo
g
y, a

n
d

 S
o

cie
ty

1
6
3

!
 Teach

in
g

 Tid
b

its    In
 Icelan

d
 

93%
 o

f h
o

m
es are h

eated
 b

y 
g

eo
th

erm
al p

o
w

er. In
 C

h
in

a 
30 m

illio
n

 h
o

u
seh

o
ld

s u
se so

lar 
w

ater h
eatin

g
. In

 th
e Ph

ilip
p

in
es 

27%
 o

f electricity is g
en

erated
 

fro
m

 g
eo

th
erm

al p
o

w
er. In

 
D

en
m

ark 20%
 o

f its electricity 
is p

ro
vid

ed
 b

y w
in

d
 tu

rb
in

es. A
s 

o
f 2007, th

e state o
f Texas is th

e 
lead

in
g

 w
in

d
-en

erg
y p

ro
d

u
cer in

 
th

e U
S.

S
cie

n
ce

, Te
ch

n
o

lo
g
y, 

a
n

d
 S

o
cie

ty

D
iscuss w

ith students your local 
and regional energy sources. 
N

ote the environm
ental im

pact 
in your area and w

ays it is being 
reduced.

CRITICA
L TH

IN
K

IN
G Accept any 

reasonable answ
er as long 

as students support their 
suggestions w

ith pros and cons.
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•
 

W
ork is done w

hen a force acts on an ob-
ject and the object m

oves in the direction 
of the force.

•
 

Pow
er equals w

ork divided by the tim
e. 

•
 

T
he tw

o form
s of m

echanical energy are 
kinetic energy and potential energy.

•
 

T
hree exam

ples of potential energy are 
elastic potential energy, chem

ical energy, 
and gravitational potential energy.

•
 

T
he kinetic energy of a m

oving object is 
equal to the w

ork done on it. 

•
 

T
he w

ork-energy theorem
 states that 

w
henever w

ork is done, energy changes. 

•
 

Energy cannot be created or destroyed. 

•
 

A
 m

achine transfers energy from
 one 

place to another or transform
s it from

 
one form

 to another. 

•
 

In a m
achine, som

e energy is trans-
form

ed into atom
ic kinetic energy.

•
 

T
here is m

ore energy stored in the m
ol-

ecules in food than there is in the reac-
tion products after the food is m

etabo-
lized. T

he energy difference sustains life.

•
 

T
he sun supplies m

ost of Earth’s energy.

K
e
y Te

rm
s 

•
•
•

•
•

•

9.1
W

�
Fd

�
60 N

�
4 m

�
240 J

9.2 
T

he forklift that delivers tw
ice the pow

er 
w

ill lift tw
ice the load in the sam

e tim
e, or 

the sam
e load in half the tim

e. 

9.4
a.b.c. It depends. R

elative to its starting posi-
tion, the boulder’s PE is 100 J. R

elative to 
som

e other reference level, its PE w
ould be 

som
e other value.

9.6.1 
C

areful. A
lthough you do 100 J of w

ork on 
the cart, this m

ay not m
ean the cart gains 

100 J of K
E. H

ow
 m

uch K
E the cart gains 

depends on the net w
ork done on it.  

9.6.2 
N

ine tim
es farther. T

he car has nine tim
es 

as m
uch kinetic energy w

hen it travels 
three tim

es as fast:  

m
(3v)

2
�

9(
m

v
2)

12
12

9.9 
T

he ideal, or theoretical, m
echanical 

advantage is 

�
�10

�
input distance

output distance
10 m
1 m

th
in

k
!

A
n
sw

e
rs

w
ork (p. 145)

joule (p. 146)

pow
er (p. 146)

w
att (p. 146)

energy (p. 147)

m
echanical
energy (p. 147)

potential energy
(p. 148)

kinetic energy
(p. 150)

w
ork-energy 
theorem

 (p. 151)

law
 of conservation 

of energy (p. 153)

m
achine (p. 155)

lever (p. 155)

fulcrum
 (p. 155)

m
echanical 
advantage (p. 155)

pulley (p. 156)

efficiency (p. 158)

fuel cell (p. 162)

For:
Visit:
W

eb Code:
 –

Self-Assessm
ent

 
PHSchool.com

 
 

csa 
0900

9

W
�

Fd
�

100 N
�m

�
100 J

Pow
er

�
�

50 W
100 J

2 s

1
6

4

 
R

EV
IEW

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s

•  TeacherEX
PR

ESS

•  V
irtual Physics Lab 12

•  Conceptual Physics A
live! 

D
V

D
s En

erg
y
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A
SSESS

9Ch
e
ck

 Co
n
ce

p
ts 

•
•
•

•
•

•

Section 9.1
 1. A

 force sets an object in m
otion. W

hen the 
force is m

ultiplied by the tim
e of its appli-

cation, w
e call the quantity im

pulse, w
hich 

changes the m
om

entum
 of that object. W

hat 
do w

e call the quantity force
!

distance, and 
w

hat quantity can this change? 

 2. W
ork is required to lift a barbell. H

ow
 m

any 
tim

es m
ore w

ork is required to lift the bar-
bell three tim

es as high? 

 3. W
hich requires m

ore w
ork, lifting a 10-kg 

load a vertical distance of 2 m
 or lifting a 

5-kg load a vertical distance of 4 m
? 

 4. H
ow

 m
any joules of w

ork are done on an 
object w

hen a force of 10 N
 pushes it a dis-

tance of 10 m
? 

Section 9.2
 5. H

ow
 m

uch pow
er is required to do 100 J of 

w
ork on an object in a tim

e of 0.5 s? H
ow

 
m

uch pow
er is required if the sam

e w
ork is 

done in 1 s? 

Section 9.3
 6. W

hat are the tw
o m

ain form
s of m

echanical 
energy? 

Section 9.4
 7. a.If you do 100 J of w

ork to elevate a bucket 
of w

ater, w
hat is its gravitational potential 

energy relative to its starting position?
 

 b.  W
hat w

ould the gravitational potential 
energy be if the bucket w

ere raised tw
ice 

as high? 

Section 9.5
 8. A

 boulder is raised above the 
ground so that its potential 
energy relative to the ground 
is 200 J. T

hen it is dropped. 
W

hat is its kinetic energy just 
before it hits the ground?

Section 9.6
 9. Suppose you know

 the am
ount of w

ork the 
brakes of a car m

ust do to stop a car at a 
given speed. H

ow
 m

uch w
ork m

ust they do 
to stop a car that is m

oving four tim
es 

as fast? H
ow

 w
ill the stopping distances 

com
pare?

 10. H
ow

 does speed affect the friction betw
een 

a road and a skidding tire?

Section 9.7
 11. W

hat w
ill be the kinetic energy of an arrow

 
having a potential energy of 50 J after it is 
shot from

 a bow
?

 12. W
hat does it m

ean to say that in any system
 

the total energy score stays the sam
e? 

 13. In w
hat sense is energy from

 coal actually 
solar energy? 

1
6
5

 
A

SSESS

Ch
e
ck

 Co
n
ce

p
ts

 
1. W

ork; object’s energy

 
2. Three

 
3. Both the sam

e, 200 J

 
4. 10 N

 3
 10 m

 5
 100 J

 
5. (100 J)/(0.5 s) 5

 200 W
; 

(100 J)/(1 s) 5
 100 W

 
6. PE and K

E

 
7. a. 100 J 

b. 200 J
 

8. 200 J
 

9. 16 tim
es as m

uch w
ork; 

16 tim
es the distance

 10. Speed does not affect friction.
 11. 50 J
 12. Energy is conserved.
 13. M

aterial that form
s coal w

as 
produced by sun’s energy.
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A
SSESS

(continued)

 14. H
ow

 does the am
ount of w

ork done on an 
autom

obile by its engine relate to the energy 
content of the gasoline? 

Section 9.8
 15. In w

hat tw
o w

ays can a m
achine alter an 

input force? 

 16. In w
hat w

ay is a m
achine subject to the law

 
of energy conservation? Is it possible for a 
m

achine to m
ultiply energy or w

ork input? 

 17. W
hat does it m

ean to say that a m
achine has 

a certain m
echanical advantage? 

 18. In w
hich type of lever is the output force 

sm
aller than the input force? 

Section 9.9
 19. W

hat is the efficiency of a m
achine that 

requires 100 J of energy to do 35 J of w
ork? 

 20. D
istinguish betw

een theoretical m
echanical 

advantage and actual m
echanical advantage. 

H
ow

 w
ould these com

pare if a m
achine 

w
ere 100%

 efficient? 

 21. W
hat is the efficiency of her body w

hen a 
cyclist expends 1000 W

 of pow
er to deliver 

m
echanical energy to the bicycle at the rate 

of 100 W
? 

Section 9.10
 22. In w

hat sense are our bodies m
achines?

Section 9.11
 23. W

hat is the ultim
ate source of the energy 

derived from
 the burning of fossil fuels, 

from
 dam

s, and from
 w

indm
ills?

 24. W
hat is the ultim

ate source of geotherm
al 

energy?

 25. C
an w

e correctly say that a new
 source of 

energy is hydrogen? W
hy or w

hy not?

Th
in

k
 a

n
d
 R

a
n
k
 
•

•
•

•
•

•

R
ank each of the follow

ing sets of scenarios in 
order of the quantity or property involved. List 
them

 from
 left to right. If scenarios have equal 

rankings, then separate them
 w

ith an equal sign. 
(e.g., A

 =
 B

)

 26. T
he m

ass and speed of three vehicles are 
show

n below
.

 a.  R
ank the vehicles by m

om
entum

 from
 

greatest to least.
 

 b.  R
ank the vehicles by kinetic energy from

 
greatest to least.

 27. C
onsider these four situations.  

(A
)

a 3-kg ball at rest atop a 5-m
-tall hill

 
 (B

)  a 4-kg ball at rest atop a 5-m
-tall hill

 
 (C

)  a 3-kg ball m
oving at 2 m

/s atop a 
5-m

-tall hill
(D

)
a 4-kg ball m

oving at 2 m
/s at ground 

level
 

 a.  R
ank from

 greatest to least the potential 
energy of each ball.

 b.  R
ank from

 greatest to least the kinetic 
energy of each ball.

 
 c.  R

ank from
 greatest to least the total 

energy of each ball.

9

1
6

6

14. It is less than the energy in
 

the gasoline.

 15. It can change its m
agnitude 

and/or direction

 16. W
ork out cannot exceed w

ork 
in; no.

 17. It can m
ultiply force by a 

certain am
ount.

 18. Type 3—
alw

ays, Type 1—
m

aybe

 19. 35%
 20. TM

A
—

no friction, A
M

A
—

w
ith

 
friction; sam

e

 21. 10%
 22. Like m

achines, our bodies 
need an energy supply. 
A

lso, the sam
e principle of 

com
bustion occurs in the 

m
etabolism

 of food in the 
body and the burning of fossil 
fuels.

 23. The sun
 24. Radioactivity in Earth’s 

interior

 25. N
o. H

ydrogen is not a new
 

source of energy because 
it takes energy to extract 
hydrogen from

 w
ater and

 
carbon com

pounds.

Th
in

k
 a

n
d
 R

a
n
k

26. a. B, A
, C

 
b. C, B, A

 27. a. B, A
 5

 C, D
b. D

, C, A
 5

 B
 

c. B, C, A
, D
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 28. A
 ball is released at the left end of the m

etal 
track show

n below
. A

ssum
e it has only 

enough friction to roll, but not to lessen its 
speed.

 
 a.  R

ank from
 greatest to least the ball’s 

m
om

entum
 at each point.

 
 b.   R

ank from
 greatest to least the ball’s 

kinetic energy at each point.
 

 c.   R
ank from

 greatest to least the ball’s 
potential energy at each point.

 29. T
he roller coaster ride starts w

ith the car at 
rest at point A

.

 
 a.  R

ank from
 greatest to least the car’s 

speed at each point.
 

 b.  R
ank from

 greatest to least the car’s 
kinetic energy at each point.

 
 c.  R

ank from
 greatest to least the car’s 

potential energy at each point.

 30. R
ank the efficiency of these m

achines from
 

highest to low
est.

(A
)

energy in 100 J; energy out 60 J
(B

)
energy in 100 J; energy out 50 J

(C
)

energy in 200 J; energy out 80 J
(D

)
 energy in 200 J; energy out 120 J

 31. C
arts m

oving along the lab floor run up 
short inclines. Friction effects are negligible.

 
 a.  R

ank the carts by kinetic energy before 
they m

eet the incline. 
 

 b.  R
ank the carts by how

 high they go up 
the incline.

 
 c.  R

ank the carts by potential energy w
hen 

they reach the highest point on the incline.
 

 d.  W
hy are your answ

ers different for b 
and c?

 32. R
ank the scale readings from

 greatest to 
least. (Ignore friction.)

1
6
7

 28. a. C, B 5
 D

, A
  

b. C, B 5
 D

, A
  

c. A
, B 5

 D
, C

 29. a. D
, B, C, E, A

b. D
, B, C, E, A

c. A
, E, C, B, D

 30. A
 5

 D
, B, C

 31. a. B, A
, C, D

 
b. A

, B, C, D
 

c. B, A
, C, D

 
d. PE

top  5
 K

E
bottom

 32. A
, B 5

 C (sam
e as 2 

supporting ropes)
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T
he key equations of the chapter are show

n below
 

in bold type. W
ork

�
force

�
distance

W
�

Fd

 33. C
alculate the w

ork done w
hen a force of 1 N

 
m

oves a book 2 m
.

 34 C
alculate the w

ork done w
hen a 20-N

 force 
pushes a cart 3.5 m

.

 35. C
alculate the w

ork done in lifting a 500-N
 

barbell 2.2 m
 above the floor. (W

hat is the 
potential energy of the barbell w

hen it is 
lifted to this height?)

Pow
er

�
w

ork done
tim

e interval

 36. C
alculate the w

atts of pow
er expended 

w
hen a force of 1 N

 m
oves a book 2 m

 in a 
tim

e interval of 1 s. 

 37. C
alculate the pow

er expended w
hen a 20-N

 
force pushes a cart 3.5 m

 in a tim
e of 0.5 s.

�
w

eight
�

height
G

ravitational potential
energy

P
E

�
m

gh

 38. H
ow

 m
any joules of potential energy does 

a 1-kg book gain w
hen it is elevated 4 m

? 
W

hen it is elevated 8 m
? (Let g =

 10 N
/kg.)

 39. C
alculate the increase in potential energy 

w
hen a 20-kg block of ice is lifted a vertical 

distance of 2 m
.

K
inetic energy

�
m

ass
�

speed
2

�������������������K
E

��
m

v
2

1212

 40. C
alculate the num

ber of joules of kinetic 
energy a 1-kg book has w

hen tossed across 
the room

 at a speed of 2 m
/s.

W
ork

�
R

K
E

 41. H
ow

 m
uch w

ork is required to increase the 
kinetic energy of a car by 5000 J?

 42. W
hat change in kinetic energy does an air-

plane experience on takeoff if it is m
oved a 

distance of 500 m
 by a sustained net force 

of 5000 N
?

Th
in

k
 a

n
d
 Ex

p
la

in
 
•
•

•
•

•
•

 43. W
hich requires m

ore w
ork: stretching a 

strong spring a certain distance or stretch-
ing a w

eak spring the sam
e distance? D

efend 
your answ

er.

 44. Tw
o people w

ho w
eigh the sam

e am
ount 

clim
b a flight of stairs. T

he first person 
clim

bs the stairs in 30 s, w
hile the second 

person clim
bs them

 in 40 s. W
hich person 

does m
ore w

ork? W
hich uses m

ore pow
er?

 45. A
 physics teacher dem

onstrates energy 
conservation by releasing a heavy pendu-
lum

 bob, as show
n in the sketch, 

allow
ing it to sw

ing to and fro. 
W

hat w
ould happen if, in his 

exuberance, he gave the bob a 
slight shove as it left his nose? Explain. 

9
A

SSESS
(continued)

1
6

8

P
lu

g
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n
d
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u
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33. W
 5

 (1 N
)(2 m

) 5
 2 J

 34. W
 5

 (20 N
)(3.5 m

) 5
 70 J

 35. W
 5

 (500 N
)(2.2 m

) 5
 1100 J; 

PE 5
 1100 J

 36. P 5
 (1 N

)(2 m
)/1s 5

 2 W

 37. P 5
 (20 N

)(3.5 m
)/ 0.5 s 5

 
140 W

 38. PE 5
 (1 kg)(10 N

/kg)(4 m
) 5

 
40 J; 80 J

 39. PE 5
 (20 kg)(10 N

/kg)(2 m
) 5

 
400 J

 40. K
E 5

 1/2(1 kg)(2 m
/s) 2 5

 2 J

 41. W
 5

 D
K

E = 5000 J

 42. D
K

E 5
 Fd 5

 
(5000 N

)(500 m
) 5

 
2,500,000 J 5

 2.5 M
J

Th
in

k
 a

n
d
 Ex

p
la

in
43. M

ore force to stretch strong
 

spring, so m
ore w

ork in
 

stretching the sam
e distance.

 44. Sam
e w

ork done by each, 
for sam

e hour; clim
ber in

 
30 s uses m

ore pow
er due to

 
shorter tim

e.

 45. If ball is given an initial K
E, it 

returns to its starting position
 

w
ith that K

E (m
oving in the 

other direction!) and hits the 
instructor.

 46. Just as m
otion is relative, K

E is 
also. The speed and K

E of the 
fly are different relative to

 
the train and the ground.

 47. Energy is w
asted as heat in a 

non-hybrid car. In a hybrid
 

car, energy charges batteries 
and is converted to electricity.

 48.  1; 2; 0.5
 49. Energy from

 radioactive decay 
in Earth’s interior
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 46. C
onsider the kinetic energy of a fly in the 

cabin of a fast-m
oving train. D

oes it have 
the sam

e or different kinetic energies rela-
tive to the train? R

elative to the ground 
outside?

 47. W
hen a driver applies brakes to keep a 

car going dow
nhill at constant speed and 

constant kinetic energy, the potential energy 
of the car decreases. W

here does this energy 
go? W

here does m
ost of it go in a hybrid 

vehicle?

 48. W
hat is the theoretical m

echanical ad-
vantage for each of the three lever system

s 
show

n?

 49. D
ry-rock geotherm

al pow
er can be a m

ajor 
contributor to pow

er w
ith no pollution. 

T
he bottom

 of a hole drilled dow
n into 

Earth’s interior is fractured, m
aking a large-

surfaced hot cavity. W
ater is introduced 

from
 the top by a second hole. Superheated 

w
ater rising to the surface then drives a 

conventional turbine to produce electricity. 
W

hat is the source of this energy? 

Th
in

k
 a

n
d
 So

lv
e
 
•
•

•
•

•
•

 50. A
 stuntm

an on a cliff has a PE of 10,000 J. 
Show

 that w
hen his potential energy is 

2000 J, his kinetic energy is 8000 J.

 51. R
elative to the ground below

, how
 m

any 
joules of PE does a 1000-N

 boulder have at 
the top of a 5-m

 ledge? If it falls, w
ith how

 
m

uch K
E w

ill it strike the ground? W
hat 

w
ill be its speed on im

pact?

 52. A
 ham

m
er falls off a rooftop and strikes the 

ground w
ith a certain K

E. If it fell from
 a 

roof that w
as four tim

es higher, how
 w

ould 
its K

E of im
pact com

pare? Its speed of im
-

pact? (N
eglect air resistance.)

 53. A
 car can go from

 0 to 100 km
/h in 10 s. If 

the engine delivered tw
ice the pow

er, how
 

m
any seconds w

ould it take?

 54. If a car traveling at 60 km
/h w

ill skid 20 m
 

w
hen its brakes lock, how

 far w
ill it skid if 

it is traveling at 120 km
/h w

hen its brakes 
lock? (T

his question is typical on som
e 

driver’s license exam
s.)

A
ctiv

ity
•

•
•

•
•

•

 55. Place a sm
all rubber ball on top of a basket-

ball and drop them
 together. H

ow
 high does 

the sm
aller ball bounce? (Perhaps this is best 

done in the gym
, or outdoors.) C

an you rec-
oncile this result w

ith energy conservation?

M
ore Problem

-Solving Practice
A

ppendix F

1
6
9

Th
in

k
 a

n
d
 So

lv
e

 50. PE at top 5
 PE 1

 K
E. 

Rearranging, K
E 5

 10,000 J 2
 

2000 J 5
 8,000 J.

 51. PE 5
 m

gh 5
 W

 ? h 5
 

(1000 N
)(5 m

) 5
 5000 J; 

K
E 5

 PE so 1/2m
v 2 5

 m
gh, or 

 
 

v 2 5
 2gh, or v 5

 �
 2g

h
 5

 

 
 �

 2(10)(5) 5
 �

 100 5
 10 m

/s

 52. Four tim
es higher m

eans four 
tim

es the PE, thus four tim
es 

the K
E of im

pact. From
 

K
E 5

 1/2m
v 2, this m

eans tw
ice 

the im
pact speed (because 

4 5
 2

2). This result can be 
obtained from

 d 5
 1/2gt 2, 

w
here falling from

 4d takes 
tw

ice the tim
e. Tw

ice the tim
e 

at the sam
e acceleration g

 
m

eans tw
ice the speed; v 5

 gt.

 53. Tw
ice the pow

er m
eans doing

 
tw

ice the w
ork in the sam

e 
tim

e or the sam
e w

ork in half 
the tim

e. To achieve the sam
e 

change in speed (and sam
e 

change in K
E) w

ith tw
ice the 

pow
er m

eans the w
ork can be 

done in half the tim
e, or 5 s.

 54. Tw
ice the speed m

eans four 
tim

es the K
E, and four tim

es 
the w

ork to reduce the K
E to

 
zero. F is constant so d 5

 
80 m

.

A
ctiv

ity
 55. Som

e of basketball’s energy 
is transferred to sm

all ball 
by com

pression. W
hen

 
decom

pressing it pushes 
sm

all ball up, w
hile sm

all 
ball pushes it dow

n. So PE of 
bounced basketball is less; PE 
of sm

all ball is m
ore.

T
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r
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e
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