_ The text states that if no net force acts on
a system, then the momentum of that sys-
tem cannot change. It also states there is no
change in momentum when a rifle is fired.
Doesn't the fact that a bullet undergoes 2
considerable change in momentum as it ac-
celerates along the barrel contradict this?
Explain. (7.4)

No. Mmtof B + Ris not mmt of only B.

_ What does it mean to say that momentum is
conserved? (7.4)

Is transferred in interaction without loss.

" How can a rocket be propelled above the
atmosphere where there is no air to “push
against”? (7.4)

Pushes against exhanst, not the atmosphere.

_ Distinguish between an elastic and inelastic
collision. (7.5)

Elastic, bouncy; snelastic, sticky.

_ What effect does friction have on the mo-
mentum of an object? (7.5)

Momentum tends to be reduced by friction.

. Tmagine that you are hovering next to a
space shuttle in earth orbit and your buddy
of equal mass who is moving at 4 km/h with
respect to the ship bumps into you. if he
holds onto you, how fast do you both move
with respect to the ship? (7.5)

Twice the mass moves at half speed, 2 km/h.

. Is momentum conserved for colliding ob-
jects that are moving at angles to one an-
other? Explain. (7.6)

Ves, Resulting motions follow vector rules.
Think and Explain

1., When you ride a bicycle at full speed, which
~" has the greater momentum—you or the
bike? (Does this help explain why you g0
over the handlebars if the bike is brought to
an abrupt halt?)
You, if you have more mass than the bike.
. For the least harm to your hand, should you
’ catch a fast-moving baseball while your
hand is at rest, while it moves toward the
ball, or while it is pulling back away from
the ball? Explain.
pull back, extend time, reduce force.
 Youcan't throwaraw €gg against a wall with-
out breaking it, but you can throw it with the
same speed into a sagging sheet without
breaking it. Explain.

Longer contact ime, less torce.

7 Momentum

. Everybody knows that you will be harmed

less if you fall on a floor with “give” than a
rigid floor. In terms of impulse and momen-
tum, why is this so?

{onger stepping time, less force.

. If you throw a heavy rock from your hands

while standing on a skateboard, you roll
backwards. Would you roll backwards if
you didn’t actually throw a rock but went
through the motions of throwing the rock?
Defend your answer.

Mo momentum 10 rock, no momentum o yout.

. A bug and the windshield of a fast-moving

car collide. Tell whether the following state-

ments are true or false.

a. The forces of impact on the bug and on
the car are the same size.

b. The impulses on the bug and on the car
are the same size.

c. The changes in speed of the bug and of
the car are the same.

d. The changes in momentum of the bug
and of the car are the same size.

{(a) True; (b) true; {c) false; (d) true.

. When a space shuttle dips back into the at-

mosphere from orbit, it turns to the left and
right in giant S-curves. How does this ma-
neuver increase the impulse delivered to the
shuttle so that it will slow before landing?

Air drag is increased, so impulse increased.

_ Who is in greater trouble—a person who

comes to an abrupt halt when he falls to the
pavement below or a person who bounces
upon impact? Explain.

alore harm if one bounces Upon impact.

) A railroad diesel engine weighs 4 times: as

much as a flatcar. 1fa diesel coasts at km/h
into a flatcar that is initially at rest, how fast
do the two coast after they couple together?
4 km/h.

0. An alpha particle is a nuclear particle of
known mass. Suppose one is accelerated t0 "

a high speed in an atomic accelerator and
directed into an observation chamber. There ﬂ
it collides and sticks to a target particle that
is initially at rest. As a result of the impat
the combined target particle and alpha par
ticle is observed to move at half the inifh
speed of the alpha particle. Why do obser
ers conclude that the target particle 1 itse
an alpha particle?

Fall speed means double mass; W0 alphas:
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Fig.8-1 Workis done in lift-
ing the barbell. If the barbell
could be lifted twice as high,
the weightlifter would have
to expend twice as much
energy.

in a real way, every time your
heart contracts it exerts a
force through a distance on
your blood and so does work
on the blood, but not neces-
sarily on the barbell.

You can say that when you
1ift an object at a constant ve-
locity, you are doing as much
work in accelerating it as the
force of gravity is doing 10 de-
celerate it, but because you
initially had to change its ve-
jocity in the direction of mo-
tion, work is being done on it.

A useful way to get an idea of
what a joule is, is 10 tell your
students to consider lifting 2
quarter-pound hamburger
with cheese (approx. 1 N) one
meter-—good experience of a
joule.

8 Energy

(1) the exertion of a force and (2) the movement of something by
that force.

Let's look at the simplest case, in which the force is constant
and the motion takes place in 2 straight line in the direction of
the force. Then the work done on an object by an applied force is
defined as the product of the force and the distance through
which the object is moved.* In shorter form:-

work = force X distance
W= Fd

If you lift two loads one story up, you do twice as much work
as you do in lifting one load, because the force needed to lift
twice the weight is twice as great. Similarly, if you lifta load two
stories instead of one story, you ‘do twice as much work because
the distance is twice as much.

Note that the definition of work involves both a force and a
distance. A weightlifter who holds a barbell that weighs 1000 N
overhead does no work on the barbell. He may get really tired
doing so, but if the barbell is not moved by the force he exerts,
he does no work on the barbell. Work may be done on the muscles
by stretching and contracting, which is force times distance ona
biological scale, but this work is not done on the barbell. Lifting
the barbell, however, is a different story. When the weightlifter
raises the barbell from the floor, he is doing work.

Work generally falls into two categories. One of these is work
done to change the speed of something. This kind of work is done
in bringing an automobile up to speed or in slowing it down.

The other category of work is the work done against another
force. When an archer stretches her bowstring, she is doing work
against the elastic forces of the bow. When the ram of a pile driver
is raised, it is exerted against the force of gravity. When you do
pushups, you do work against your own weight. You do work on
something when you force it to move against the influence of an
opposing force. ‘

The unit of measurement for work combines a unit of force
(N) with a unit of distance (m). The unit of work is the newto
meter (N'm), also called the joule (rhymes with pool). One joule
(symbol J ) of work is done when a force of 1 Nis exerted OVerL 2
distance of 1 m, asin lifting an apple over your head. For larg
values we speak of kilojoules (kJ)—thousands of joules—or MEE
joules (MJ)—millions of joules. The weightlifter in Figure 8

does work on the order of kilojoules. The energy released by 0
kilogram of fuel is on the order of megajoules.

*  For more general cases, work is the product of only the component of for

that acts in the direction of motion, and the distance moved.

_S0nic jet aircraft.

Mechanical Energy
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Important Terms

power

Ymit can tell the students that
to lift a quarter-pound ham-
burgf:r with cheese I m in 1
requires one watt of power. )

Flg.' 8-2 The three main
engines of a space shuttle
can develop 33 000 MW of
power when fuel is burned
at the enormous rate of
?400 keg/s. This is like empt
mg an average-size swim? g
ming pool in 20 seconds!

energy

mechanical energy




1t would be a good idea to
conirast mechanical energy
with other categories of
energy such as heat energy,
electromagnetic energy, and
nuclear energy. Some ex-
amples of each are heat given
off by a fire, light and radio
waves, and splitting of fusion
of atoms.

8 Energy

the property of being able to do work on an object beneath it
when it falls. When work is done to wind a spring mechanism,
the spring acquires the ability to do work on various gears to
run a clock, ring 2 bell, or sound an alarm.

In each case, something has been acquired. This “something”
which is given to the object enables the object to do work. This
“something’ may be 2 compression of atoms in the material of
an object; it may be a physical separation of attracting bodies;
it may be a rearrangement of clectric charges in the molecules of
a substance. This “something” that enables an object to do work
is called energy.” Like work, energy is measured in joules. Tt
appears in many forms, which will be discussed in the following
chapters. For now we will focus on mechanical energy—the
energy due to the position or the movement of something. Me-
chanical energy may be in the form of cither potential energy or

kinetic energy.

the height 4. You ¢

. an see i i
of the boulder at the top Og?hillglijre 8-3 that the
taken to get it there. ©

OtCntial Energy

f

Important Term

potential energy

An object may store energy by virtue of its position. The energy
that is stored and held in readiness is called potential energy
(PE), because in the stored state it has the potential for doing
work. A stretched or compressed spring, for example, has the po-
tential for doing work. When a bow is drawn, energy is stored in
the bow. A stretched rubber band has potential energy because
of its position, for if it is partof a slingshot, it is capable of doing
work.

The chemical energy in fuels is potential energy, for it is actu-
ally energy of position when looked at from a microscopic point
of view. This energy is available when the positions of electric
charges within and between molecules are altered, that is, when
a chemical change takes place. Any substance that can do wor
through chemical action possesses potential energy. Potentia
energy is found in fossil fuels, electric batteries, and the food
we eat.

Work is required to clevate objects against earth’s gravity. Th
potential energy due to elevated positions is called gravitationtd
potential energy. Water in an elevated reservoir and the ram 9
pile driver have gravitational potential energy- ~

The amount of gravitational potential energy possessed bya
elevated object is equal to the work done against gravity in li

*  gtrictly speaking, that which enables an object to do work is called its @
able energy, for not all the energy of an object can be transformed to work:
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gou can give the example of
ropping a bowling ball on
your toe—first from a dis-
tance of 1 mm above your
toe, to various distances up to
I. m above your toe, Each
time, the bowling ball would
do more and more work on
your toe, because it would
possess more gravitational
potential energy.




8 Energy

Kinetic Energy’

Important Term

kinetic energy

. } A
_— g

Fig. 8-4 The potential en-
ergy of the drawn bow equals
the work (average force X dis-
‘tance) done in drawing the
arrow into position. When re-
leased, it will become the ki-
netic energy of the arrow.

Fig. 8-3 Typical stopping
distances for cars traveling at
various speeds. Notice how
the work done to stop the car
(friction force X distance of
slide) depends on the square
of the speed. (The distances
would be even greater if reac-
tion time were taken into
account.)

Push on an object and you can set it in motion. If an object MOves,
then by virtue of that motion it is capable of doing work. It has
energy of motion, Or kinetic energy (KE). The kinetic energy of
an object depends on the mass of the object as well as its speed.
Tt is equal to half the mass multiplied by the square of the speed.

kinetic energy = Imass X speed®
KE = 3mv’

When you throw a ball, you do work on it to give it the speed
it has when it leaves your hand. The moving ball can then hit
something and push against it, doing work on what it hits. The
kinetic energy of a moving object is equal to the work required
to bring it to that speed from rest, OF the work the object can do

in being brought to rest:”
net force X distance = kinetic energy

or in shorthand notation,
Fd = smv*

1t is important to notice that the speed is squared, sO that if
the speed of an objectis doubled, its kinetic energy is quadrupled
(22 = 4). This means that it takes four times as much work to dou-
ble the speed of an object, and also that an object moving twice
as fast as another takes four times as much work to stop. Acci-
dent investigators are well aware that an automobile traveling
at 100 km/h has four times as much kinetic energy it would have
traveling at 50 km/h. This means that a car traveling at 100 km/h
will skid four times as far when its brakes are locked asit would if
traveling 50 km/h. This is because speed is squared for kinetic
energy-

Kinetic energy underlies other seemingly different forms of en-
ergy such as heat, sound, and light.

30t 10-m SKID
60 kr/ 40-m SKID

of F = ma (New
+ 2 that for moHY,
d = makzd .

* This can be derived as follows. If we multiply both sides
ton’s second law) by d, we get Fd = mad. Recall from Chapte
in a straight line at constant acceleration d = at?, so we can say

= 3maat® = smlat). Substituting v = af, we get Fd = Smv?.

Conservation of Energy
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W.hen the car’s brakes are ap-
?hed, the car’s kinetic ener, P
is changed into internal en-g '
ergy in the brake pads, tire
and road as they beconlle ’
warmer.

Ie i
aw of conservation of energy

Fig. 8-6 Part of the PE of the
;ound spring changes into

‘ E. The rest turns into heat-
ing the machinery and the
surrogndings due to friction
No energy is lost. ' '




est generalizations in phy

8 Energy

sics, known as the law of conservation

of energy:

Fig. 8-7 When the lady in
distress leaps from the burn-
ing building, pote that the
sum of her PE and KE re-
mains constant at successive
positions % 3, 2 and all the
way down.

simple as & swinging pe
galaxy, there is one quan

Energy cannot be created or destroyed; it may be
transformed from one form into another, but the total
amount of energy pever changes.

y system in its entirety, whether it be as

When you consider an
ndulum or as complex as an exploding
1t may

tity that does not change: energy-
ly be iransferred from one place to

change form, o it may simp
e stays the same.

another, but the total energy scor

PE ;“ PE +KE E y—=
(@

Fig. 8-8 [Energy transformations in a pendulum. The PE of the pendulum bob
the KE of the bob at its lowest point. Every-

at its highest point is equal to
where along its path, the sum of PE and KE is the same. (Because of the work

done against friction, this energy will eventually be transformed into heat.)

AND S0 ON...

ct that the atoms$

This energy score takes into account the fa
that make up matter are themselves concentrated bundles of en-
ms rearrange themselves,

ergy. When the nuclei (cores) of ato
enormous amounts of energy can be released. The sunt shines be-
cause some of this energy 18 transformed into radiant energy- In
nuclear reactors much of this energy is transformed into heat.
Powerful gravitational force
sun crush the cores of hydrogen atoms together to form helium
atoms. This welding together of atomic cores is called thermo
nuclear fusion. This process releases radiant energy, some 9
which reaches the earth. Part of this energy falls on plants, and

part of this later becomes coal. Another part supports li
food chain that begins with plants, and part of this energy late

becomes oil. Part of the energ sun goes into the evap
oration of water from the ocean, ai to i

carth as rain that may be trapped behind eofl
position, the water in 2 dam has energy that may

power a generafing plant below, where it will be transformed

electric energy. The energy travels through wires 10 homt

where it is used for lighting, heating, cooking, and to operd

electric toothbrushes. HOW nice that energy is transformed

one form to another!
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s in the deep hot interior of the

fe in the

8.7 Machines
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Mhen gasoline combines with
oxygen in a car's i he
o car's engine, the
" o3 3o e
:g,mﬁ,ai potential energy
stored i
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g s 5 1 ]
nto light, heat, and internal
energy. The rapid]
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e i: energy to the piston and
use the whole car to move
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fulcrum

lever

machine

mechanical advantage

gig. 8—2 The lever. The work
orce times distance) you do
at one end equals the work

done t:
end'e o the load at the other

3{;? ;zi}!;h y{?‘ur students that
you neve .gei‘ something for
nothing” in the real world
Our machines permit us u';
use endurance (long éés:
tances) to compensa?ite: for
strength {great forces)—buti
the product Fd is still the
same. For example, you may
not be able 1o lifi a pian;) ”
onto a moving truck, but yvou
can push it up a long ramp.
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8 Energy

machine is called the mechanical advantage. Here the
al advantage is (80 N)/ (10 N), or 8. Note that the load

force fora
the distance that the input force mMOVeES.

mechanic
is lifted only one eighth
1n the absence of friction, the mech
determ'med by considering the relative

the forces arc¢ exerted.

anical advantage can also be
distances through which

s the input force (10 N, while

¢ distance (1 m).

e different ways to set up a lever (Figure g-11).
monly seen in 2 playground with
children on cach end—the seesaw. The fulcrum is between the
input and output encs of the lever. Push down on one end, and
you lift 2 load at the other. You canl increase force at the expense

of distance.

80 N) is eight time

The output force t
ne eighth the inpu

Fig. 8-10
distance (m)iso

the output

There are thre
Type 118 the kind of lever com

TYPE 2

basic types of lever.

TYPE 1 TYPE 3
Fig. 8-11 The three
With the type 7 arrangement, the load is between the
and the input en a load, you 1ift the end of the
example is the placin d of a long steel bar under @
: the free end 10 raise the aut
force is increased at the expense
3 arrangement, the fulcrum is at one en
load is at the other. The input force is applied betwee
Your bicep muscles are connected to your forearm in this W
(The fulcrum is your elbow and the load is your hand.) The t

mobile. Again,
In the type

fulcrum
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8.7 Machines

3 lever increases di
s distance at th
your bicep muscles the expense of force. Wh
greater distance. a short distance, your hand moe\r;le}s’O; movﬁ
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e pulley in Fi '
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Fig.8-12 A
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load m irection of a fi .
oves upward; (b) multiply forc(en:: eaffsoift&')rt is exerted
is now half the

load, and (c) wh
! i en combined wi
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y force. er pulley both chan
ge the direction

In Figure 8-12
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ore Only

q a

two. The fact
. that there i
this. Careful ere is only a single
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The pulle ull the rope up 2 m ( oad 1 m, the
S : . orl mf .
ents of thz g:stte rtn in Figure 8-12 right combi(:;:ea}clh side).
rands of rope; the 1‘:] o pulleys. The load is sup Sot € arrange-
on of the force Tryagefg pulley serves only to chzn;t: ?hbﬁ-two
pulley s : gure out the ) e direc-
ystem. mecha
Systems is mrﬁcﬁctually experimenting WI?lllczl ad.\lantage of
extbook so do tr more beneficial than readin V}'C;I‘lety of pul-
lﬁss' They're fug to get your hands on some p%lﬁ out them in
- pulley syst ) . €ys, 1in or out
the princigle:n;;}lown mn Figure 8-13 is a bit mor
pe is pulled 10 energy conservation are the e complex,
1m The mechm with a force of 50 N, a 5 OO_NSIame. When
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e expense of distance. The m )},lor 10.
; echanical
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eing used to remove an aut
mobile engine from a car. Ti;)'
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ine wi i

igHCh(::.xH be lifted only a few
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Fig. 8-13 Inan idealized
pulley system, applied force
% input distance = output
force % output distance.

Imporiant Term

efficiency

This means that some of the
work is done on individual
atoms oF molecules, causing
them to vibraie faster. This
ipcrease in molecular kinetic
energy lessens what is avail-
able for the 1ask. (See Chapter
21, Temperature and Heat.)

advantage can
(input distance

machine can cr
one place to ano

8.8 Efﬁciency
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Fig. 8-14 Pushin,
) . g the block of i .
tical distance lifted lock of ice 5 times farth i
plane or simply liefte?qi‘t“gr es a f(})lrce of only s its Se?;hihf/\;ild;ne than the ver-
, it gains the same amou : ether pushed
nt of PE. ed up the

s—that is, sh 5
ows a 5-m inclined plane with i
shows 2> e with its high

e use th f};ﬁﬁz I:[?[ }elalevzflte a heavy load,gwee r\fillel}fvated i
e il sho }?;t li‘ we simply lifted it Vertii‘:i:lto Pus_h .
o oaly o it 1 fl the plane is free of fricti T
D ied slene e force required to lift the 1 1(c)lrl, et e
Ihe nelined plan slf;c%‘ggdzs a theoretical mechani?:zl :c?\r/nc? "
retical mechani A iy plane theo
ccalin lof;znilsczl ‘Edvantage and agproacrﬁ?(l)(})l‘;vefg fenc e
sien the oadisa o}?dep crate and it slides on oot
Joth the actual o echanical advantage and tha WOO(_ieH e
y less. Efficiency can also be eipefﬁCle(I;Cy e
ressed as the

ratio Of actual
mechanical
advantage: al advantage to th i
: eoretical mechani
nical

also be found from the ratio of distance
+ (output distance)-——which is also 10.
put out more energy than is put into it. No

achine can only transfer it from

m it from one form to another.

No machine can
cate energy; a m

ther, or transfor

onsidered to be ideal;

The previous examples of
as transfered to work output. An ideal

100% of the work input w

machine would operate at 100% efficiency- In practice, this does
not happen, and we can never expect it to happen. In any ma-
chine, some energy is dissipated to atomic or molecular kinetic
ich makes the machine warmer.

machines were ¢

a :
ctual mechanical advantage

efficiency =
theoretical
mechanical ad
vantage

Efficienc ;

y will always b

percent we si ys be a fraction less t

imply express it as a decimal a}ri?inniﬁll;g Clonl;lert o
iply by 100%.

vertsa small frac-

energy—wh
Even alever rocks about its fulcrum and con
tion of the input energy into heat. We may do 100 J of work and For example, an efficie
getout 98 J of work. The lever {s then 98% efficient, and we waste 100%, or 25%. ncy of 0.25 expressed in percent i
only 2 Jof work input on heat.Ina pulley syster, a larger frac- The jack shown in Fi nis0.25 %
tion of input energy goes into heat. If we do 100 J of work, the Wrapped around a (:ylingure 8-15 is actually an incli
. cting through the distances théough Whi&)h]thi asrigle raises the load a rzlré‘;(oulcan see that a single ltrllli(ril }o)fl iﬁe
jssipate [o} , nce t . vely s : e
-~ ¢ distagsehgnf le is moved is S%OIE?rllLSIS;anCe’ If the circular
e : e :
ween ridges), then the t};geo:gércgilan t}f pitch
mechanical

forces of friction &
d rub about their axles may
only 60 J and the pulley

heat. So the work output is
fficiency of 60%. The lower the efficiency of ama
s the amount of energy wasted as heat.

xpressed as the ratio of useful w

vantage of i
the i
= oo rjlai;:/i{t ﬁs 500.* No wonder a child i
one of these devices! In practc'arl flse .
! ice there is

system has an €

chine, the greater i
Efficiency can bee

to total work input:

efficiency =

oraisea load b
ance equal t y 2 mm the handle h
: o the ci as to be mo
Tce is 100 cm (sinlcrcumfe.rence of the cjrcularve;i}?nce arqund, through a
-m1). A simple calcuT tt}.le circumference is 277 B 2 XO.?f iadlus 16 em. This
times ation will sh - 14 x 16 _
°S greater than ow that the 100- s tocm =
fﬁnilent, then the i;sst\}/ork_()mpm distance ofCmev:r(l)ri(t: H;}put distance
echanj orce wo o . If the jack w
nical advantage of the j;liﬁ ib;esrg(l)lltlphed by 500 tinfes T‘;l]:ii
. : e-

useful work out ut
total work input

liding 2 load up 22

tically. Figure 8

as a machine. S
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an lifting it ver
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less force th

incline requires
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CA:ai':u push the crate, the

o pushes on molecules of
e ramp (due to friction)

;:ausmg them to move too’ S

t;.l)me of your work is lost to °
e ramp through friction.

.Fxg’. 8-15 The auto jack

is like an inclined plane

grappe.cl around a cylinder

: very time the handle is '

lgrge‘d one revolution, the
ad is raised a distance of

one pitch.
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a great deal of friction in this type of jack, so the efficiency may

be around 20%. Thus the jack actually multiplies force by about

100 times. The actual mechanical advantage therefore approxi-

mates an impressive 100. Imagine the value of one of these de-
vices during the days when the great pyramids were being built!
An automobile engine is @ machine that transforms chemical
energy stored in fuel into mechanical energy. The molecules of
the petroleum fuel break up when the fuel burns. Burning isa
chemical reaction in which atoms combine with the oxygen in
the air. Carbon atorms from the petroleum combine with oxygen

atoms to form carbon monoxide, and energy 18 released.
1t would be

The converted energy is used to run the engine.
nice if all this enersy were converted to mechanical energy; but

a 100% efficient machine is not possible. Some of the energy goes

into heat. Even the best designed engines are unlikely to be moré

than 35% efficient. Some of the energy converted to heat goes

into the cooling system and is wasted through the radiator 10
the air. Some goes out the exhaust, and nearly half is wasted in

the friction of the moving engine parts. In addition to these in-
1 does not even burn completely—2a certain

efficiencies, the fue
amount goes unused. We can look at inefficiency in this way: 1l

» Answers
a. The ideal or theoretical mechanical advantage

distance) = (o my/ m) = 10.
b. 50 N. Withno friction, ideal mechanical advantage and actual mechamiCi\'1 2

vantage would be the same—10. S0 the input force, the rope tension wi

is (input djstance) * (outp

1/10 the output force, her 500-N weight.
~ (input force) =

c. The actual mechanical advantage would be (output force)
be 0.5 or 50%, since (act

(500 N)/ (100 N} = 5. The efficiency would then
al advantage) = =

cal advantage) = (theoretical mechanic
(useful work outpu

mechani
is also obtained from the ratio

The value for efficiency
(useful work input)-

8.9 Energy for Life

FUEL ENERGY IN = COOL
ING WATER LOSSE
5 + ENGINE OUTPU
T+EXHAUST HEAT

Fig. 8-16 Only 30%
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effic : rgy produc :

ient automobile becomes useful mechZiiEZIburmng gasoline in a typically
energy.

any transformation ;
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energy. Us : ilution of
gy. Useful energy ultimately becomes hte};?: fizmount of useful
. Energy is not de-

stroyed—it is simpl
chergy. ply degraded. Heat is the graveyard of useful
u

Energy for Life

Every livin i
g cell in ever . .
machine, it need y organism is a living machi . '
this planet feed Ofl 3:;;11: %iy §upply, Most lgiVin; };%angﬁ oy
enerey wh 1y rocarbon co s on
ey when they react with oxygen. Like the r}ﬁ thlat release
roleum fuel
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uel state than i
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. . O
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Sy s life
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-celle . ult. Onl
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$ process i ydrocarbon com mne
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thesized COmpourdoh3£drates, proteins, and fat e simplest
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a , ydroge
L re that green plants a gen, and oxygen. How
re able to use the energy of
0

g t tO make f

ood that gi

ms our gives us and all .
energy. Because of this there isolti}t}:r food-eating or-

This is much like one of you
students sharing their lunchr
(energy) with 100 other stu
dents. Rather than one stu-
dent with a lot of energy, now
th‘ere are many students 'ea h
with a little energy. 1t h’J ‘
been diluted. . *
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n object in motion. Whenl-the
. . .
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ha that o .
the momentun O : a
fi};a\;lie;all the quantity force X oilitgailfl)ce, a
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JoT hich changes KE. )
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)
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P
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fulcrum (8 )]
joule 8.1
kinetic energy (8:
“ law of conservation ©
lever (8.7)(8 .
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Chapter Review

. What will be the kinetic energy of an arrow

shot from a bow having a potential energy
of 50 J? (8.6)
50 7.

. What does it mean to say that in any system

the total energy score stays the same? (8.6)
Hpergy is conserved.

. In what sense is energy from coal actually

solar energy? (8.6)

Coal is produced by energy from the sun.

. Why is there an upper limit on how far an

automobile can be driven on a tank of gaso-
line? (8.6)

Work out cannot exceed energy in tank,

. In what two ways can a machine alter an in-

put force? (8.7)

change its magnitude or direction.

. In what way is a machine subject to the law

of energy conservation? Is it possible for a
machine to multiply energy or work input?
(8.7)

out can't exceed work in; no.

.- What does it mean to say that a certain ma-

chine has a certain mechanical advantage?

Can multiply force by a certain amount.

. What are the three basic types of levers?

8.7)

In ule-load; inp-load:ful; ful-inp-load.

. What is the efficiency of a machine that re-

quires 100 J of input energy to do 357 of
useful work? (8.8)
35%.

- Distinguish between theoretical mechanical

advantage and actual mechanical advan-
tage. How will these compare if a machine
1s 100% efficient? (8.8)

IMA: no friction; AMA: with friction; same.

- What is the efficiency of the body when a

cyclist expends 1000 W of power to deliver

mechanical energy to her bicycle at the rate
of 100 W? (8.8)
10%.

and Explain

When a rock is projected with a slingshot,
here are two reasons why the rock will go -
aster if the rubber is stretched an extra dis-
tance. What are the two reasons? Defend
Your answer,

iore acce; more work, more KE.
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2. A certain engine is capable of bringing a car

from 0 to 100 km/h in 10 s. All other things
being equal, if the engine has twice the
power output, how many seconds would be

required to accelerate it to this speed?
5 s.

. If a car that travels at 60 km/h will skid

20 m when its brakes are locked, how far
will it skid if it is traveling at 120 km/h
when its brakes are locked?

80 m,

. A hammer falls off a rooftop and strikes the

ground with a certain KE. If it fell from a
roof twice as tall, how would its KE of im-
pact compare?

Twice.

. Most earth satellites follow an oval shaped

(elliptical) path rather than a circular path
around the earth. The PE increases when
the satellite moves farther from the earth.
According to energy conservation, does a
satellite have its greatest speed when it is
closest or farthest from the earth?

Greatest KE closest to earth.

- Why will a lighter car generally have bet-

ter fuel economy than a larger car? Will a
streamlined design improve fuel economy?
Small m, less KE for given v; yes.

- Does an automobile consume more fuel

when its air conditioner is turned on? When
its lights are on? When its radio is on while
it is sitting at rest in the parking lot? Ex-
plain in terms of the conservation of energy.
Yes; yes; ves; all require energy of fuel.

. How many kilometers per liter will a car

obtain if its engine is 25% efficient and it
encounters an average retarding force of
1000 N at highway speed? Assume the en-

ergy content of gasoline is 40 MJ per liter.
10 km/L.

- The pulley shown on the left in Figure A has

a mechanical advantage of 1. What is the
mechanical advantage when it is used as

shown on the right? Defend your answer.
2.

<=
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=

Fig. B

10. What is the theoretical mechanical advan-
tage of the three lever systems shown in Fig-

ure B?
One; two; one half.

11. You tell your friend that no machine can
possibly put out more energy than is put
into it, and your friend states that a nuclear

8 Energy

reactor puts out more energy than is put

into it. What do you say?
Friend is wrong; reactor energy from fuel.

The energy we€ require for existence comes

from the chemically stored potential energy
in food, which is transformed into other
forms by the process of digestion. What hap-
pens to a person whose work output is less
than the energy consumed? When the per-
son’s work output is greater than the energy
consumed? Can an undemourished person
perform extra work without extra food? De-

fend your answers.
Gains wt; loses wt; only at cost of own wi.

th
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