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Define reference point and explain how motion is described relativly to the reference point set

Textbook, figures 12 & 13 38, 47

Motion and Position

You do not always need to see something move to know that motion has taken place. For
example, suppose you look out a window and see a mail truck stopped next to a mailbox,
as shown in Figure 1. One minute later, you look out again and see the same truck
stopped farther down the street. Although you did not see the truck move, you know it
moved because its position relative to the mailbox changed.

Reference points

A reference point is needed to determine the position of an object. In Figure 1, the
reference point might be a mailbox. Motion is a change in an object’s position relative to
a reference point. How you describe an object’s motion depends on the reference point
that is chosen. For example, the description of the mail truck’s motion in Figure 1 would
be different if the reference point were a tree instead of a mailbox.

After a reference point is chosen, a frame of reference can be created. A frame of refer-
ence is a coordinate system in which the position of the object is measured. The x-axis
and y-axis of the reference frame are drawn so that they are perpendicular to each other
and intersect the reference point.

Figure 1 As the mail tneck follows its roote, it stops at
each maibox zlong the street.

QBUseyouSdquouﬁb 0 GO ONLINE to find these activities and more resowces.

record the evidence you collect as a Virtual Investigation: Describing Motion
Carry out an investigation to determine the relationship between distance, average
speed, and tine of cars i a race, and 1o predict the distance the cars will travel.

a Quick Investigation: Measure Average Speed
Carry out an investigation 10 determme the average speed of 3 toy car and how average
speed changes when forces of different magnitude are applied to the system.

38 Modute 2 - Motion
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Figure 12} the hoose is chosen for the r=ference point. the r=r appears o be ravsling 10 km'h west and the

hurricane Jppears o be travsfing 20 onfh west

Relative Motion

Hawe you ever watched cars pass you on the highway? Cars traveling in the same direction
often seem o creep by, while cars traveling in the opposite direction seem to zip by. This
apparent difference in speeds is because the reference point—your vehicle—is also moving,

The choice of a moving reference point affects how yon describe motion. For example, the
motion of a horricane can be described using a stationary reference point. such as a
house. Figure 12 shows the locations and velocities of a horricane and a car relative to a
house at 2:00 paa. and 3:00 rw. The distance between the hurricane and the house is
decreasing at a rate of 20 kmm/h. The distance between the house and the car s increasing

at a rate of 10 kmy/h.

How would the description of the hurricane’s motion be different if the reference point
were a car traveling at 10 kmy/h west? Figare 13 shows the motion of the hurricane and
the house relative to the car. A person in the car would say that the hurricane is
approaching with a speed of 10 kmy/'h and that the house is moving away at a speed of
10 kmy/h. It is important o notioe that Figure 12 and Figure 13 show the same changes,
but they nse different reference points. Velocity and position always depend on the point

of reference chosen.
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Define reference point and explain how motion is described relativly to the reference point set

Textbook, figures 12 & 13

38, 47

Part1 Jabl eimdl

* The distance between the hurricane and the house is
decreasing at a rate of 20 km/h.
* The distance between the house and the car is increasing

at a rate of 10 km/h.

House as the Reference Point at 2:00 P.m
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graph is the acceleration.

2 Identify and utilize the formula for calculating the acceleration of an object giving its velocity, or vice versa Texthook % |
Speed of Tamara's Car 1. What does a straight horizontal line represent in a o _ )
: [Womo=z | | Figure %6 For objects that are . 1. Which is the S| unit of acceleration?
2s T Emwl speeding up and slowing down, the SPEEd'Ume graph7
1 T 1 1 1 11 y,  AEEEHAEEE slope of the fine on a speed-time

Part1 Jal et

Identily the time mtervols during. (@ The body is at rest

which Tamara's car is not
accelerating.

Speed (km/h)

& At a constant speed, the body is moving

;_g;rThe body is moving at a maximum acceleration

Speed-time graphs and acceleration

When an object travels in a straight Iine and does not change direction, a graph of speed
versus time can provide information about the object’s acceleration. Figure 16 shows the . X . . ”
speed-time graph of Tamara's car as she drives to the store_ Just as the slope ofalineon a 2. Ifaballis fa”mg froma hEIght, then what will be its
distance-time graph is the object’s speed, the slope of a line on a speed-time graph is the iyt itk b

object’s acceleration. For example, when Tamara pulls out of her driveway, tl'ﬁe car’s acceler- VEIOCFW time graph before hlttmg the ground '

ation is 0.33 km/min?, which is equal to the slope of the ine from { = 0 to { = 0.5 min.

(0. None of the above

Calculating acceleration A A positive slope straight line

Acceleration is the rate of change in velocity. To calculate the acceleration of an object,
the change in velocity is divided by the length of the time interval over which the change B ; ; :
occurs. The change in velocity is the final velocity minus the initial velocity. If the direc- LY A negative slope straight line
tion of motion does not change and the object moves in a straight line, the size of the
change in velocity can be calculated from the change in speed. Then, the acceleration of

an object can be calculated from the following equation. .&L"A ZEI’O-S|0DE Stralght line

celeration Equation ;
acceleration __ change in velodity (in meters/second) \R\& A parabo'a
(in meters/second?) time {in seconds)
L 1. Ifacaris traveling 100 km/h west and comes to a

a= i
stop in 3 min, what is the car's acceleration?

In SI units, velocity has units of m/s and time has units of s, so the SI unit of acceleration

is m/s’. In some cases, your calculations will result in a negative acceleration. The

negative sign means in the opposiie direction. For example, an acceleration of —10 mys®

north is the same as 10 m/s” south. A 0.15 m/sZ east

(253 CROSSCUTTING CONCEPTS 8015 m/s2 west
Systems and System Models Create a table 1o demonstrate the mnportance of defining the initial conditions of 2

system when discussing acceleration. Change the mitial condiions of the system’s motion o show how 2 given

acceleration can result in different final velocities. & 0.56 m/52 east

D (.56 m/s2 west

Lesson 3 - Acceleration 51

% s/km?

W km/h
% cm/s

D m/s? CORRECT

2. Which is not used in calculating acceleration?

ﬁ initial velocity
% time interval

€ average speed CORRECT

2 final velocity

3. In which conditions does the car not accelerate?

% The car slows from 80 km/h to 35 km/h.

275 The car turns a corner.
€ Acar moves at 80 km/h on a flat, straight
highway. CORRECT
&, The car speeds up from 35 km/h to 80 km/h.
4. Which statement is NOT true?

25 Acceleration has the Sl units of m/s

The slope on a speed-time graph is the object’s
acceleration.

€ Acceleration is always a positive number.  coRRECT
To calculate the acceleration of an object, the

change in velocity is divided by the length of the
time interval over which the change occurs.



Describe the relationship between mass and velocity in determining the amount of kinetic energy

Textbook q7

Kinetic energy

When you think of energy, you might think of objects in motion. Objects in motion can
collide with other objects and cause change. Therefore, objects in motion have energy.
Kinetic energy is energy due to motion. A car moving along a highway and a ballet
dancer leaping through the air have kinetic energy. The kinetic energy from an object’s
motion depends on that object’s mass and speed.

inetic Energy Equation
kinetic energy (in joules) = % mass (in kg) x [speed in m/s)F
KE = }mv’

If mass is measured in kilograms (kg) and speed is measured in meters per second (m/s),
then kinetic energy is measured in joules (J). If vou drop a softball from just above your
knee, the kinetic energy from that ball’s falling motion is about 1 J just before the ball
reaches the floor.

= - T OIS

SOLVE FOR KINETIC ENERGY A jogger wilh 2 mass of 60.0 kg is moving forward at a
speed of 3.0 m/s. Whal is the jogger's Kinetic energy from his forward motion?

identity the Unknowrn: Kinetic energy- KE
List the Knowns: mass: m = 60.0 kg speedv=3.0m/s
Set Up the Problen: KE =31 mv?
Solve the Problem: KE = 1 {60.0 %g)3.0 m/sy
KE =1 (50.0 ka)X9.0 n¥ss?)
KE =270 3
Check the Answer: Check the Iast step by estimating. Round 9.0 m?/s” up to

10 m?s>. Then,} (50.0 kg¥I0 mPs%} = 300 1 This is dJose 1o 270 J.
S0 the finail cailcutation was reasonabie.

PRACTICE Problems W ADDITIONAL PRACTICE

16. A baseball with 2 mass of 015 kg is moving at 2 speed of S0.0 m/s. What is the
baseball's Kinelic energy from this motion?

17. CHALLENGE A 1500-kg car doubies its speed from S50 knvh to 100 knvh. By how
many times does the kinefic enargy rom the car's forward motion mcrease?

(Z55 CROSSCUTTING CONCEFPTS

Matter and Energy  Compare the ianetic enargies of difierent objects that ravel 3t
the same speead but have different Then compare objects that have the same

mass but travel at different speeds. Use your resulls to expiain whether doubling
mass or doubling speed has a greater effect on kinetic energy.

Lesson 2 - Describing Energy 97

Practice Problems
16. 120 J

17. The kinetic energy from the car's motion is 4 times as

great when that car is moving at 100 km/h than when
that car is moving at 50 km/h.

» Kinetic energy is energy due to motion. The
kinetic energy of an object’s motion depends
on that objects: =

1. mass '

2. speed. :

Kinetic Energy Equation

kinetic energy (in joules)

= i mass (in kg) X [speed in m/s)]?

I<E=lm\ur2
2



investigation the mechanical enrgy transformation for a swing, and the relationship between kinetic and

potential energy

Fig. 13 104

< Figure 13>Visuaiizing Energy Transformations
. swing illustrates how kinetic energy changes to potential energy and back

to kinetic energy.

=R S =

Swings The mechanical energy transformations for a swing, like the one shown in
Figure 13, are similar to the mechanical energy transformations for a roller coaster.

Conservation of energy means that the total change of energy in any system is always
equal to the total energy transferred into or out of the system. The ride starts with a
push, which transfers kinetic energy to the rider. As the swing rises, the rider loses speed
but gains height. In energy terms, kinetic energy changes to GPE. At the top of the
rider’s path, GPE is at its greatest.

Then, as the swing moves back downward, gravitational potential energy changes back
to kinetic energy. At the bottom of each swing, the kinetic energy is at its maximum and
the GPE is at its minimum. As the rider swings back and forth, energy is continually
transformed between kinetic energy and CPE. However, the rider swings less and less on
each cycle unless he or she pumps the swing or gets someone to provide a push. What is
happening to the rider’s mechanical energy?

104 moaule 4 - Work ana Energy

"

GFE + high
HE = low

Which energy transformation is taking place in picture shown of swing earth system ?
GPE to kinectic energy. e
Kinefic energy to GPE.
Mechanical to radiant energy.
Kinectic to electric energy.

KE = |

Use the below imagesto answer the next two questions:
GPE = ligh H

At which position of the swing — earth system the GPE is highest ?
a. Only position 1.

b. At both position 1 and 3.

c. At both position 1 and 2.

d. Only position 2.

At which position of the swing — earth system the KE is highest ?
a. Only position 1.
b. At both position 1 and 3.
c. At both position 1 and 2.
d. Cnly position 2.



Diffrentiate bebween types of energy, (e.g. thermal, nuclear, Kinetic, and potential) Fig. 1 114

Part1 J il aiadl

Temperature Matter made of tiny particles.

2 92 A These partides are in constant, random motion. 1. Which term describes the measure of the average kinetic
You can use the words hot and cold to describe temperature. Something is hot when its h in all di ; diff d energy of the particles that make up an object?
temperature is high. When vou heat water on a stove, its temperature increases. How are They move in all directions at different speeds.
temperature and heat related? They have kinetic energy because they are moving. «-n specific heat

He notic Greater speed
Matter in motion Greater kinetic energy B temperature coRrrecT

The matter around you is made of tiny particles—atoms, ions, and molecules. In all
materials, these particles are in constant, random motion. They move in all directions at
different speeds. These particles have kinetic energy because they are moving. The
greater their speeds, the greater their kinetic energy. If the particles that make up an
object have more kinetic energy, then that object feels hotter

Hotter

2. potential energy

<., thermal energy

%;go

For example, in Figure 1, the particles that make up the electric stove burner on the left
have more kinetic energy than the particles that make up the burmer on the right. Asa
result, the burner on the left feels hotter than the burner on the right. Is there a more
exact relationship between temperature and Kinetic energy?

The temperature is the measure of the average kinetic
energy of the particles.

cles that make up the left

than the particles

ake up the woter in o lake

would be gregler on a summer day or on g

COLLECT EVIDENCE INVESTIGATE S
g Use your Science Journal to Q GO ONLINE 10 find these aciivities and more resoarces.

record the evidence you collect as p m Practices: Coffes CUD Cabrimevy

e c.c.;mgle‘te ,the .- HS-PS3-4. Plan and conduct 2n investigation to provide evidence that ¢
activities in this lesson. A : ; SSiia

Particles in hot
iron have more KE

i within 3

dosed system

114 Moduie 5 - Thermal Encray The Sl units of temperature is Kelvins (K).



Analyis a bar graph for the enrgy content of fuels and extract data from it

fig.2 193

Part1 Jsdh ajali

Energy use in the United States

In 2017, the United States accounted for 165 percent of the total
energy consumption in the workd, using more energy than any
other country aside from China. The top chart in Figure 2 shows
energy consumption in the United States in 2017 by sectr. About
20 percent of the energy was nsed in homes for heating and
cooling, to run appliances, to provide fighting, and for other
household needs. About 29 percent was used for transportation,
powering vehicles such as cars and planes. Another 18 peroent
was used by businesses to heat, cool, and light shops and build-
ings. About 32 percent of the energy was used by industry and
agriculture for manufacturing and food production.

The botbom chart in Figure 2 shows that about 80 percent of the
energy used in the United States in 2017 came from buming fossil
faeks. Nuclear power plants provided 9 percent, and alternative
energies supplied T1 percent

Fossil Fuel Formation

In one hour of driving, a car might use two or three gallons of
gasoline. 1t might be hard to befieve that it took milions of years ©
make the fuels that are used b0 power your car, to produce electric-
ity. and o heat vour home. Coal, natural gas, and petroleum, also
called crude oil, are fossil fuels because they form from the
remains of ancient plants and animals that were buried and
altered over millions of years.

Combustion reactions

When fossil foels are burned, a combustion reaction oocurs. During
this reaction, carbon and hyvdrogen atoms combine with oaygen in
the air to form carbon dioxide and waker. This process corverts the
chemical poteniial energy that is stored in the bonds between atoms
into thermal energy and fight. Compared o wood, the energy stored
in fossil fuels is much more concentrated . In fact. buming 1 kg of
ooal releases two o three times more energy than beming 1 kg of
wood. Figure 3 shows the energy content of different foels.

LLS. Encrgy Consumption by Sector

Comrmescial

Indusiriai

LK 323%
Reskentisl
20.4%
tion
ZBES

LS. Energy Consumption by Source

Faure ¥ Thess arcle graphs break down
ensrry oorsmmipiion in the United States in
1T The top graph chows the percentage of
=neryy wsed by different seciors. The botiom
graph shows the percentage of energy
abt=inad from Sifferent sources.

interpret Wivich: ensngy sowrce swppiies the
greatest gmount of eremy i the Unifed Siotes?

&
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Encrgy Content of Fusls

Nabral Gas
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Type of Foel

I I 1u_=4 with the graatast
PEir DU Coal Wood

Efecal potential energy per gram
relessss the grestest amount of enargy

L=szon |« FossH Foels 193

* The chart shows
United States energy
consumption by
source in 2017.

* About 80 percent of
the energy used came
from burning fossil
fuels.

* Nuclear power plants
provided about 9
percent.

* Alternative energies
supplied about 11
percent.

1. Which sector in the United States consumes the most
energy?

2. commercial
B industrial
2., residential

27 transportation

CORRECT

From the figure: The fuel with the greatest chemical potential
energy per gram releases the greatest amount of energy.

1kg of natural gas—=* 50,000 joules
1Kg of petroleum—=48,000 joules
1Kg of coal= 20,000 joules

1Kg of wood-+12,000

U.S. Energy Consumption by Source

Hydroelectric Wind
2.8% 2.4% Solar/
Bi geothermal
brse

Nuclear
8.6%

2. Which of the following fuels has the greatest chemical
potential energy per gram?

&, wood

B natural gas

2, petroleum
Sk coal

CORRECT




Analyis a bar graph for the enrgy content of fuels and extract data from it

193

Part1 Jabl a3l

1. Why are fossil fuels considered to be nonrenewable resources?

a. Theyare no longer being produced.

b. Theyare being produced as fast as they are being used.
. Theyare not being produced as fast as they are being used.
d

They contain hwdrocarbon.,

2. What do hydrocarbens react with whem fossil fuels are burned?

a. Carbondioxide .
b. Carbonmonoxice .
C  Cxveen.

d. Water.

3. Which sector in the United States consumes the most energy?r

d. Industrial sector, C. commercial sector
D.  residential sector, d. transportation

LS. Eswripy Conmsnption Dy Sechai

[= ol
iy Hhila o

-ﬁl-l-l

L

Hiir

4 Which of the following fuels has the greatest chemical potential energy per gram?

g Wood

b. MNatural gas,

. Petroleum oil.
d. Coal

5. How much of the electrical energy used in the United
States was produced by burning fossil fuels in 20177

jus. Energy Consumplion by Source

a. BOL%

Mpvabtanic -3 soms | B, 36%

. | 182%
d. 63%
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Differentiate between Distance and Displacement

fig.3&4 39, 40

Part2 g g |

]
Change in Position il i

Have you ever run a 50-m dash? Describing how far and in what direction H:! -13,5,-2 '_ E‘L : E_ ; &
; o g - B coordmnale system s ke a

you moved was an Important part of describing your motion. oo Thie s s ok B kg

Dista and =ach object’s position can be

—— described with fts coonfinztes:

In a 50-m dash, each runner travels a botal distance of 50 m. The SI identify the position of ihe orange cor

urlit of distance is the meter {m). Longer distances are measured in

kilometers (km). One kilometer is equal to 1000 m. Shorter distances are measured in

centimeters (om) or millimeters (mm). One meter is equal to 100 om and to 1000 mm.

Displacement

Suppose a runner jogs 0 the 50-m mark and then tums around and runs back to the
2(-m mark, as shown in Figure 3. The nmner travels 50 m in the original direction (east)
plus 30 m in the opposite direction (west), so the total distance that she ran is 80 m. How
far is she from the starting line? The answer is 20 m. Sometimes, you may want to know
the change in an object's position relative to the starting point. An object’s displacement
is the distance and direction of the object’s change in position. In Figure 3, the runner’s
displacement is 20 m east

The length of the runner’s displacement and the total distance traveled would be the
same if the mmmner’s motion were in a single direction. For example, if the ronner ran
east from the starting fine to the finish line without changing divection, then the distance
traveled would be 50 m, and the displacement would be 50 m east.

object’s displacement & not the ame 35 the o=l dstasce that the objed treveled. The ronner's
mrerracement is 20 m east of the stariing iine. However, the total distancs the unner traveled = 30 m.
Describse the difference betwess the intaf distones rmveded onof the depiaroment.

Lesson 1 - Describing Motion 30

5 meast Emeast W m aast
5 m nowtheast m
5 mwest
—_ 2 m east
10 m east Som east
Displacements in the =mme direction Displacements it opposite drsrtons Dizpiacements that sre not in the zame
can be addad. can be subtracied direction or opposite directions cannot

be direcily added or subtracted

anows represant e sindents” walics_ The green @mows show e first part of the walk, and the
purple anmoes show the second pan. The orange amows show the sdents deplacements

Adding displacements

¥ou know that you can add distances to get the total distance. For example,

2 m + 3 m = 5 m But how would you add the displacements 5 m east and 10 m east?
Directions in math problems are much ke units: you can add numbers with like direc-
tions. For example, suppose a student walks 5 m east, stops at a crosswalk, and then
walks another 5 m east, as shown on the left in Figure 4. His displacement is

Smeast+ 5 meast = W0m east

But what if the directions are not the same? Then compare the two directions. If the
direcHons are exactly opposite, the distances can be subtracted. Sappose a student walks
10 'm east, turns around, and walks 5 m west. as shown in the center of Figure 4. The
size of the displacement would be

MMm—5m=5m

The direction of the total displacement is always the direction of the larger displacement.
In this case, the larper displacement is easi. so the total displacement i 5 m east.

E Get it?

Determine the total displacement of a dog that runs 15 m north, Tamie 1 Rules for Adding

6 m south, then § m north Eispineirits
1 Add displacements in the same
MNow suppose the two displacements are neither in the same direction nor vaani
in opposite directions, as illustrated on the right in Figure 4. Here, the T g o T
student walks 4 m east and then 3 m north. The student walks a total R

3. Displacements that are not in
the same or In opposite
directions cannot be directly
added together

distance of 7 m, but the displacement is 5 m in a ronghly northeast
direction. The displacements of 4 m east and 3 m north cannot be directly
added or subtracted, and they should be discussed separately. The rules
for adding displacements are summarized in Table 1.

SCIEMCE USAGE v COMMIN USAGE

position

Scierce usage: the lncation of an object in refafion to 2 eference point
The cat 5 position wos 3 meders west of ihe house.

Common usaoge: a point of view: 2 job or rani

After grodoation, [ occepied o tefler position o e bonlc

40 moowe 7 - Motion



Differentiate between Distance and Displacement

fig.3&4 39, 40

Part2 Gl ad |

N
-
(2 4
!
wn

3. A wolf walks 20 km east and then turns around and
walks 10 km west. What is the total displacement?

27 30 km east (€ 10kmeast coprect

275 30 km west 2.5 10 km west

Distance = 50m+30m=80m

Displacements = 50m-30m=20m East

5 m east 5 m east 10 m east
> > P> 5 .
mn
— arhenst 3 m north
5 m west
I B 4 m east
10 m east 5 m east
Displacements in the same Displacements in opposite Displacements that are not in the

directions can be subtracted. same direction or opposite
directions cannot be directly

added or subtracted.

direction can be added.

S5meast +5meast = 10 m east I0m-5m=5m

Tazieq Rukes of Aoding Dispacements

1. Add displacements in the same direction.

2, Subtract displacements in opposite directions.

3. Displacements that are not in the same or in opposite

directions cannot be directly added together.




Conclude the importance of simple machine, and how they change the way work is done

Part2 JU gaul

How are machines useful?

How are machines useful if a machine’s output
work is always less than its input work? Machines
change the way work is done. They can increase
speed, change the direction of a force, or increase
force.

Increase speed Bicycles are machines that
increase speed. You can travel more quickly on a
bicycle than on foot. However, to increase speed, a
bicycle decreases force. Look at the cyclist in the
top panel of Figure 5. Although the cyclist can
reach his destination faster by biking instead of
walking, his legs must apply a larger force to the
pedals to cross the distance.

Change direction of force Some machines
change the direction of an applied force. The
wedge-shaped blade of the ax in Figure 5 is one
example. You exert a downward force on an ax
when chopping wood. The shape of the blade
changes your downward force into outward forces
that split the wood.

Increase force A car jack, such as the one in the
bottom panel of Figure 5, increases force but
decreases speed. The upward force exerted on the
car is greater than the downward force that you
exert on the handle. However, you move the car
jack handie faster than the jack lifts the car.

We can describe the effectiveness of a machine at
increasing force by its mechanical advantage.
Mechanical advantage is the ratio of output force
to input force.

hanical Advantage Equation

_ output forc newtons)
mechanical advantage = i-wm:g:lnemm
F
MA =7

The input force 1s the © a person or a device
such as a motor, applies to the machine. The output
force is the force that the machine applies to another
object. In the car jack example in Figure 5, the man
applies an input force to the car jack, and the car
jack applies an output force to the car. The mechanical
advantage of the car jack is greater than 1 because the
output force is greater than the input force.

C

Textbook, fig.5 93

machine can change work to increase speed,

change the direction of 2 force, or increase force.

How are machines useful? If machine’s output work < input work

1.speed

2.direction 3.force

Increase the speed in bicycle

Change direction of force Increase force
ax A car jack

4, What term indicates the number of times a machine
multiplies the input force?

2o, efficiency

S - resistance

&, power

D mechanical advantage
CORRECT

1. Calculate the mechanical advantage of a hammer if the input force is 125 N
and the output force is 2,000 N.

=
2. Challenge Find the [(_)Lc__e_gge,ggd_‘fb lift af3,000 Njweight using a machine with

a mechanical advantage of l§

MA =15
unknown : =, = 92

’._ MA:_Ea.u.t.

Fin

Fn= 125N
Fout = 000N

= foat_ 200 -
MA SR 2 16

| 15273000 & [, =300
| 150 = R =i

i
i
\

> Ry = 200N

Practice Problems
8.16

9.200N



Identify potential energy, (types of stored potential energy) and give examples on it

Textbool, fig.8 & 9

98, 99

Part2 Jui s

Potential energy

Energy does not always involve motion. Even motionless objects can have energy.
Potential energy is energy that is stored due to the interactions between objects. One
example is the energy stored between an appie hanging on a tree and Earth. Energy is
stored between the apple and Earth because of the gravitational force between the
apple and Earth. Another example is the energy stored between objects that are
connected by a compressed spring or a stretched rubber band.

= cet 2

Explain how a book can have energy even if it is not moving.

Elastic potential energy If you stretch a rubber band and let it go, it sails across the
room. As it flies through the air, it has kinetic energy due to its motion. Where did this
kinetic energy come from? Just as there is potential energy doe to gravitational forces, there
is also potential energy due to the elastic forces between the particles that make up a
stretched rubber band_. The energy of a stretched rubber band or a compressed spring is
called elastic potential energy. Elastic potential energy is energy that is stored by
compressing, stretching, or bending an object

@’ Get it?

Describe how the elastic potential energy of a trampofine changes as a person
jumps on it

Chemical potential energy The food that you eat and the gasoline In cars also have
stored energy. This stored energy is due to the chemical bonds between atoms. Chemical
potential energy is energy that is due to chemical bonds. You might notice chemical
potential energy when you bum a substance. When an object is burmed, chemical potential
energy becomes thermal energy and radiant energy. Figure 8 shows the process for
burning methane.

G 80 @ e

Methane
gas gas gas vapor
hen methane bums, it combmes with oxygen 0 form carbon diomde and water vapor. In thes chermmacal
reacuon, chemical potential energy is converted 1o othes forms of energy.

WORD ORIGINS

potential

comes from the Latin word potens. a form of posse, which means o be abfes

The rock on the ciiff has potentiol energy becouse it = able to couse change ¥ & foli=.

98 Modauie 4 . Work and Encrgy

» Potential energy is energy that is stored due
to the interactions between objects.

» Elastic potential energy is energy that is
stored by compressing, stretching, or bending

an object.

e e e

» Chemical potential energy is energy that is
due to chemical bonds.

g

Figure @ Whes mett

mitian, ch

2. Potential Energy

Elastic Potential Energy

+ Energy STORED in objects that are
compressed or stretched

- Spangs

- Rubber Bands

Chygea Caibon digakde
gas g

mpu

Gravitational Potential Energy

Gravitational potential energy is the energy
stored in an object due to its position
above the Earth's surface.

E, - mgh

m = mass (kg)
g = gravitational field strength (N/kg)
h = height (m)
E, = gravitational potential energy (J)



Identify potential energy, (types of stored potential energy) and give examples on it

Textbook, fig.8 & 9 98, 99

Part2 Jui s

Gravitational potential energy Consider the blue
vase in Figure 9. Together, the blue vase and Earth
have potential energy. Gravitational potential energy
is energy that is due to the gravitational forces

1. The gravitational potential energy of a cucumber-
Earth system changes when which factor changes?

between Ob)eCtS Cravitational potential energy is & the cucumber’s mass CORRECT
often shortened to GPE.
Any system that has objects that are attracted < the cucumber’s speed

to each other through gravity has gravitational poten-
tial energy. An apple and Earth have gravitational
potential energy. The solar system also has gravita-
tional potential energy. The gravitational potential
energy of a system containing just Earth and another
object depends on the object’s mass, Earth's gravity,
and the object’s height. Recall that near Earth’s
surface, g is equal to 9.8 N/

& the cucumber’s temperature

& the cucumber’s length

avitational Potential Energy Equation
gravitational potential energy (J)

= mass (kg) x gravity (N/kg) x height (m)
GPE = mgh

Height and gr= = energy Look
at the bookcase in Figure 9. Moving a vase from one
shelf to another changes its GPE because the relative T 1 M
position of the object in Earth's gravitational field -
changes. Moving the vase to a higher shelf increases
CPE as more energy is stored in the vase-Earth system,
and moving it to a lower shelf decreases CPE as less
energy is stored in the vase-Earth system.

Now imagine that this bookcase is on the second floor
of a building and that this building is at the topof a
large hill. How should you measure the heights of the
objects on the shelves? You could measure the heights
from the floor. You could also measure the heights from
the ceiling, the ground outside, the bottom of the hill, or
Earth's center.

avitstional potential energy of any system

n object on the bookcase and Earth depends on
the object’s mass, the strength of Earth’s gravity, and the object’s
height The object’s height is measured relative o a reference
iev=l The floor. the ground, the ceiling. and Earth’s center are
possdie reference levels.

To calculate gravitational potential energy. height is measured from a reference level.
This means that gravitational potential energy varies depending on the chosen
reference level.

Relative to the floor, the GPE of a system containing just the blue vase and Earth is about
90 J. Relative to the ceiling, the GPE of this same system might be about —£0 J. Relative to
Earth's center, this system’s CPE is about 300 million ]. All of these statements are correct.
In addition, the GPE of the blue vase-Earth system is greater than the CPE of the green
vase-Earth system for every reference level. However, statements such as “The gravita-
tional potential energy is 100 J” are meaningiess unless a reference level is given.

8 anEre T - Fhaarreiaaes Ehtatauts ' - SR

* Gravitational potential energy is energy that
is due to the gravitational forces between
objects.

* The gravitational potential energy of a system
containing just Earth and another object
depends on the object’s mass, Earth’s gravity,
and the object’s height. o

Gravitational Potential Energy Equation l 9
gravitational potential energy (J)
= mass (kg) x gravity (N/kg) x height (m)

GPE=mgh

'II
EXAMPLE Problem 5

SOLVE FOR GRAVITATIONAL POTENTIAL ENERGY A 4.0-kg ceiling fan is placed 2.5 m
above the floor. What is the gravitational potential energy of the Earth-ceiling fan system relative to
the floor?

Identify the Unknown: gravitational potential energy: GPE
List the Knowns: mass: m = 4.0 kg
gravity: g = 9.8 N/kg
heightt h =2.5m
Set Up the Problem: GPE = mgh
Solve the Problem: GPE = (4.0 kg)(9.8 N/kg)(2.5 m) =98 N . m = 98 J
Check the Answer: Round 9.8 N/kg to 10 N/kg. Then, GPE = (4.0 kg)(10 N/kgi2.5 m) =

100 J. This is very close to the answer above. Therefore, that answer
is reasonable.

PRACTICE Problems W ADDITIONAL PRACTICE

18. An 8.0-kg history textbook is placed on a 1.25-m high desk. What is the gravitational
potential energy of the textbook-Earth system relative to the floor?
19. CHALLENGE What is the GPE of the textbook-Earth system in problem 18, Practice Problems
relative to the desktop? 18.98J
18. 0 J; the height is © relative to the reference level.



State the law of conservation of energy, and how energy transform in the swing-earth system

Textbook, fig. 14 105, 106

Other energy transformations

Consider the swing again. Think about what happens when you continue to swing with-
out getting a push or pumping. The swing slows down and eventually comes to a stop.
The mechanical energy of the swing-Earth system decreases. At first, it might appear that
energy is being destroyed. However, recall that there are other forms of energy aside from
mechanical energy. Energy transformations often invoive these other forms.

The effect of friction If the mechanical energy of the swing-Earth system decreases,
then some other forms of energy must increase by an equal amount to keep the total
amount of energy the same. What could these other forms of energy be? Think about
friction and air resistance. With every movement. the swing’s ropes or chains rub on
their hooks, and air pushes on the rider, as illustrated in Figure 14.

Friction and air resistance convert some of the mechanical energy into a less-useful
form—thermal energy. Thermal energy is the energy of heat and hot objects. With every
pass of the swing, the temperature of the hooks and the air increases slightly. Mechanical
energy is not destroyed. Instead, friction and air resistance transform mechanical energy
into thermal energy. This thermal energy is soon transferred to the surrounding air.

£
gGetlt?
Infer why the wheels of a car get hot when the car is driven.

To keep the swing going, vou must constantly put energy into the swing-Earth system.
You can do this by pumping the swing, transforming the chemical potential energy from
the food that you eat into additional mechanical energy.

a swang-air-Earth system, air
esstance and friction transform mechanical

energy into thermal energy. a less useful
form of energy. To keep swinging. you need
0 supply more mechanical epergy by
pumping youor legs or getting a push.
Describe how the kinetic energy and

(Z55 CROSSCUTTING CONCEPTS
Systems and System Models Create a poster to llustrate 2 system and the energy ransformations that ocowr in it, such as
an object that starts on a ramp, shdes down the ramp and agoss the floor, and eventually stops.

of Energy 105

Transforming electrical encrgy Energy transformations can also involve elecerical
energy. Think about all the slectric devices that you use every day. Electric stoves and
toasters transform electrical energy indo thermal energy. Televisions transform electrical
enengy into radiant energy and sound energy. The eleciric motor in a washing machine
transforms clectrical energy indo mechanical energy. Lightbulbs transtorm electrical
enerey into radiant energy. Figure 15 ifustrates the energy change that oooars in a
lighthualb.

What other devices have vou nsed today that make use of elecirical energy? You might
have been awakenad by an alarm clock, styled your hair, made toast, Bstened &0 music,
or played a video game. What form or forms of energy is electrical energy cormverted bo in
each of these examples?

Transforming chemical potential energy Foel stores energy in the form of chemical
potential energy. For exampie, most cars run on gasoline, which has chemical potential
enerey. A car engine transforms this chemical potential energy into thermal energy and
then into mechanical energy for the car'’s motion. A car engine also gets very hot when it
is nsed. This is evidence that muoch of the thermal energy is never comverbed b0 mechani-
cal energy.

Some energy transformations are less obvious because they do not result in visible
motion, sound, heat, or light Every green plant commverts radiant energy into chemnical
pobential energy. If vou eat an ear of corm, the chemical potential energy from the corn Is
transferred to your body. Your body then extracts this enengy for functions such as
breathing, pumping blood, moving, speaking, and thinking

Fapere 15 A ghtbul & = device that transforms
shecirrasl snengy o redi=nt enangy.

| Energy Transformations |

—

Electrical Heat (thermal) energy

Electrical Light, heat energy

o

Electrical Light, heat and sound energy

Electrical Movement, heat and sound energy

106  sscoule & - Work ang Encrgy



created or destroyed.

2. It can only

be transformed from one
form to another.

g‘ mechanical energy to chemical potential energy

10 State the law of conservation of energy, and how energy transform in the swing-earth system Texthook, fig. 14 105, 106
3, The law of 2 \c’:’]:zt:;’::a°:;i’::§y Sanstamationoreursiienta 3. Friction causes mechanical energy to be converted into
ﬂ .
e - i ?
3 conservation of which form:

energv }\,’/‘ chemical energy to gravitational potential energy

B gravitational potential energy to kinetic energy CORRECT R nuclear energy ¢ thermal energy
CORRECT
states that 2., thermal energy to mechanical energy
1.energy cannot be o, kinetic energy <~ potential energy

4. What type of energy transformation occurs when an
object is burned?

.-"'v';' thermal energy to radiant energy

‘i“v"’" thermal energy to chemical potential energy

C

G

chemical potential energy to thermal energy
and radiant energy CORRECT

radiant energy to chemical potential energy and
thermal energy



Define conduction, convection, and radiation and diffrentiate between them

Textbook, fig.6, 10

120, 121, 123

parez g |

Conduction

Energy cannot be created or destroyed, but it can be transported from one place to
another and transferred between systems. Conduction, convection, and radiation are all
processes that transfer energy. Conduction is the transfer of thermal energy by collisions
between the particles that make up matter. Conduction occurs because particies that
make up matter are in constant motion.

Collisions transfer thermal energy

If you leave a metal spoon in a pot of soup that is cooking on the stove, the spoon might
get too hot to touch. As one end of the spoon heats up, the kinetic energy of the particles
that make up that part of the spoon increases. These particies collide with neighboring
particles. Conduction transfers thermal energy to the other end of the spoon as particles
with more kinetic energy transfer kinetic energy to particles with less kinetic energy.
Conduction transfers thermal energy without transferring matter. Conduction spreads
thermal energy from warmer areas to cooler areas, as shown in Figure 6.

| material a5 faster-moving partices collide
State ¥ two oljects are in contact, would
conduction be from the cooler motenil fo the
wormer matenol or from the warmer material
1o the cooler motenol?

@Usedemeﬂb {0 60 ONLINE 10 find these activiies and more resources.
record the evidence you collect as Lab: Convection in Gases and Liquids
you complete the readings and A - - :
in this Carry out an invesbgation to demonstrate convection curments in water and air and to

infes how birds utilize convection currents to consenve energy while in filght
al&CuuxionhGass

Carry out an investigation to maasure the t=mperaturs changes in the air near 3 heat

source and to observe the condoction of therma! enemy in air

120 module 5 - Thermal Enargy

Thermal conductors

Thermal conductors

The rate at which conduction transfers thermal energy
depends on the material. Conduction is faster in
solids and liquids than it is in gases. In gases, particles
are farther apart. Therefore, collisions among particles
occur less frequently in gases.

metals.

The best conductors of thermal energy are metals. ' Complete the following
This is one reason why manufacturers often make statement:

cooking pots, like those in Figure 7, out of metal In a 1. Silver is the best conductor

‘ 2. Lead is the poorest.
piece of metal, some electrons are not bound to
LB g 3. As previously mentioned, copper
individual atoms. These_ e_lecums can move easily and aluminum are used in pots
through the metal. Collisions between these electrons and pans because they are good
and other particles in the metal enable more rapid conductors.
thermal energy transfers than in other materials. 4. It is interesting to note that
Silver, copper, and aluminum are among the best silver, copper and aluminum
conductors of thermal energy.

Figure 3-27 illustrates the different
rates of conduction of various

are also excellent conductors of
electricity.

Convection

Unlike solids, liquids and gases are fluids that flow. In fluids, convection can transfer
thermal energy. Convection is the transfer of thermal energy in a fluid by the movements
of warmer and cooler fluid. When conduction occurs, more energetic particles collide
with less energetic particles and transfer thermal energy. When convection occurs, more
energetic particles move from one place to another.

Most substances expand as their temperatures increase. That is, as the particles move
faster, they tend to be farther apart. Recall that density is the mass of a material divided
by its volume. When a fluid expands, its volume increases, but its mass does not change.
Therefore, a fluid’s density decreases when that fluid is heated.

Because fluids decrease in density as they are heated, a fluid that absorbs thermal energy
also decreases in density. The density of a warmer sample of a fluid is less than the
density of a cooler sample of that same fluid. The same is true for the parts of a fluid.
The warmer parts of a fluid are less dense than the cooler parts of a fluid.

These differences in density within a fluid drive convection. The warmer portions of the
fluid rise to the top of the fluid, and the cooler portions sink to the bottom. If a fluid is
heated from below, convection currents form.

E Get It?

Explain how convection and density are related.

ACADEMIC VOCABULARY

transfer

to convey from one piace to another

She is going to transfer her pictures from her camera to the Web si=.

Conduction depends on materials

50— | -

40 — 37

30—+ H—

20 —

‘mlﬁ
[

Figure 3-27. Conductivity of various metals.
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Define conduction, convection, and radiation and diffrentiate between them

Textbook, fig.6, 10

120, 121, 123
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Absorbed

by surface
- “‘%
- =

e arrows indicate radiation from the Sun. Not all of the Sun’s radiation reaches Earth.
v ot it is reflected by the atmosphere. Earth’s surface also reflects some of the radiation that reaches it.

Radiation
Energy from the Sun reaches Earth, but how does that energy travel through space?
Almost no matter exists in the space between Earth and the Sun, so neither conduc-

tion nor convection could warm Earth. Instead, radiation transfers energy from the
Sun to Earth.

Radiation is the transfer of energy by electromagnetic waves, such as light and micro-
waves. These waves travel through space even when matter is not present. Energy that is
transferred by radiation is often called radiant energy. When you stand near a fire,
radiation transfers energy from the fire and increases the thermal energy of your body.

'-__a_’eet It?

Explain how energy travels through space.

Radiation and matter

When radiation strikes a material, that material absorbs, reflects, and transmits some of
the energy. Figure 10 shows what happens to radiation from the Sun as it reaches Earth.
The amount of energy that a material absorbs, reflects, and transmits depends on the
type of material. The thermal energy of a material increases when that material absorbs
radiant energy.

Radiation in solids, liquids, and gases

In a solid, liquid, or gas, radiation travels through the space between particles. Particles
can absorb and re-emit this radiation. This energy then travels through the space
between particles, and other particles then absorb and re-emit the energy. Radiation
usually passes more easily through gases than through solids or liquids because particles
are much farther apart in gases than in solids or liquids. Thus, radiation transfers energy
more rapidly and efficiently through gases than through liquids or solids.

Lesson 2 . Conduction, Convection, and Radiation

123

1. Which is NOT a form of thermal energy transfer?

S"‘ conduction € spontaneity
CORRECT
<., convection &, radiation

2. Which form of thermal energy transfer does density of
the substances play a key role?

<. conduction

B convection

<., radiation

CORRECT

<., spontaneity

3. Which statement is true about radiation?

& 2

&, Collision of particles transfers radiant energy.
ﬁ Fluid currents transfer radiant energy.

g." Matter is required to transfer radiant energy.

D Electromagnetic waves transfer radiant energy.
CORRECT

How will the thermal energy from the pot in room a move £0 its handle?
2. Conduction.
b. Convection
. Radiation.
d. Spontaneity.

Thermal energy transfer to the sunbather in room B Y e
. Conduction and convection.

b. Convection
. Radiation.
d. cenduction.

Where does most of the heat provided by the fire in room C go?
3. Up the Chimney.

b. RoomA

t. RoomB

d. RoomD

In room C the thermal energy transfers to the people by?
. Convection and radiation.

b. Convection
. Radiation.
d. conduction.

In room D the thermal energy oﬂiron transfers to the cloths by?
a. Convection and radiation.
b. Convection
. Radiation.
d. conduction.
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Heat Energy Transfer
Transfer
of
Heat
| |
Conduction 7 [ Convection Radiation
Conduction is the transfer of thermal energy by collisions +  njike solids, liquids and gases are fluids that * Radiation is the transfer of energy by electromagnetic
between the particles that make up matter. Conduction flow. waves, such as light and microwaves. These waves travel
occurs because particles that make up matter are in o [rifliiids womvedtion cantrandarihermal through space even when matter is not present.
constant motion. * Energy that is transferred by radiation is often called

energy.
oL radiant energy.

* When you stand near a fire, radiation transfers energy
from the fire and increases the thermal energy of
your body. :

*  Convection is the transfer of thermal energy ina
fluid by the movements of warmer and cooler
fluid.

* When conduction occurs, more energetic
particles collide with less energetic particles and
transfer thermal energy.

* When convection occurs, more energetic
particles move from one place to another.




12 State the laws of thermodaynamic and apply them to a system doing work Textbook, fig. 16 129

Thermodynamics

There is another way to increase the thermal energy of an object besides heating it. Have
you ever rubbed your hands together to warm them on a cold day? Your hands get
warmer and their temperature increases, even though you are not heating them near a
fire or a stove. You do work to increase your hands’ thermal energy when you rub them
together. Thermal energy, heat, and work are related. Thermodynamics is the study of
the relationships among thermal energy, heat, and work.

Heat and work increase thermal energy

You can warm your hands by placing them near a fire because the fire heats your hands
by radiation. If you rub your hands and hold them near a fire, the increase in your hands’
thermal energy is even greater. Both the work you do and the heat from the fire increase
your hands’ thermal energy.

In the example above, your hands can be considered a system. Recall that a system is
anything around which you can draw a boundary. A system can be a group of objects,
such as a galaxy, a car’s engine, or something as simpie as a ball. An example of a system
is shown in Figure 16.

Total energy.is
nearly constant
because

Work is done by
pushing and pulling

0 can be a system. if you define $he couch in this Sigure 2s the system, then everything else is the
Work is done on this system by pushing and puling the couch along the floor. As the couch siides along
the floor, it heats the floor shightly through friction. The work done on this system is about equal to the heat from this
The total gy of this sy s nearly constant.
mamhmmmsmmmmm

(555 CROSSCUTTING CONCEPTS

Systems and System Models Make a2 short video i which you use 3 small
object such as a block to model the system shown in Figure 16. Namrate your
video, describing the inputs and outputs of energy.

Friction (couch slide over the
floor) it's heat the floor

Lesson 3 . Using Thermat Energy 129



Nonrenewable resources are resources that cannot be
replaced by natural processes as quickly as they are
used. All fossil fuels are nonrenewable resources.

gGet It?

Identify three examples of nonrenewable
feSOUICes.

Because they are nonrenewable resources, fossil fuels are
decreasing in supply. As supplies of fossil fuels run out,  Figure 9 As population increases and fossilfuel resources
fossil fuels will become more difficult to obtain. This will decease, scentistssearch for new soutions o the energy

cause fuel to become more costly than it is todav, GBS, Exby sl S i g o
: ? basins in the central and midwestem United States, might help

Even as fossil fuel supplies decrease, the demand for  meet these energy demands.
enengy continues to increase. One way to meet these

energy demands is to search for energy alternatives.

Scientists have discovered numerous oil shale reserves in

the United States, as shown in Figure 9. When oil shale is heated to

extremely high temperatures, it releases an organic chemical com-

pound called kerogen. Kerogen is a petroleum-like substance that

has potential for meeting increasing energy demands as fossil fuel

resources are consumed.

Fossil fuels: Oil, natural gas, and coal .

|
,

.

Scientist have discovered Ol Shale, when its heated it releases an organic chemical compound called Keroglen ﬁ‘eﬁleu m

Nonrenewable resources are resources that cannot be
replaced by natural processes as quickly as they are
used.

All fossil fuels are nonrenewable resources. Therefore,
they are decreasing in supply and will become more
difficult to obtain.

This will cause fuel to become more costly. However,
the demand for energy continues to increase.

One way to meet these energy demands is to search for
energy alternatives.

5. Which of the following is NOT true?

* An increase in atmospheric carbon dioxide is
main contributor to global climate change.

1& Fossil fuels will always be easy to obtain. CORRECT
2. The demand for energy is increasing.

ﬁ All fossil fuels are nonrenewable resources.

\ came from fossil fuels

13 Diffrentiate between energy resources and Explain why nonrenewable resources is giving this name Textbook 198
3, .2 [ & 3 All Fossil Fuels are Nonrenewable Resources: (oil -natural gas- coal) ssa) 150 [
5 Nonrenewable Resources
. Resources that can not be replaced as quickly as used. /~ About_85_%oftheenergy
&

A
-~

=



Diffrentiate between fusion and fission

Textbook, fig 13 1949, 201
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Fusion

The Sun is a giant nuclear reactor in the sky. It transforms energy through a process
called fusion. Fusion occurs when atomic nuclel combine at very high temperatures. In
this process, a small amount of mass is transformed into a tremendous amount of ther-
mal energy.

Fusion-based power plants are not practical. One problem with fusion is that it occurs at
millions of degrees Celsius. Under these conditions, reactors use a great deal of energy.
Another problem is containment—what kind of chamber can hold a reaction under these
extreme conditions?

Fission

Energy is released when the nucleus of an atom splits apart in a process called fission.
During fission, a small amount of mass is converted into a tremendous amount of ther-
mal energy. Unlike fusion, fission-based power plants are practical. Sixty-five power
plants in the United States, including the one shown in Figure 10, transform energy by
fission reactions. These plants convert nuclear energy into electrical energy and produce
9 percent of the energy used in the United States.

Figure %0 A nucdlear power plant generates electric-
ity using the thermal energy released in fission. This

concrete towes is 2 cooling tower that releases waste
heat, 2 product of the fission reaction.

o i

COLLECT EVIDENCE INVESTIGATE

".gUSevD!ISCimcEJCIl'BHO O GO ONLINE 10 find these acivities and more resources.
record the evidenceyou colectas | pewicit the Encounter the Phenomenon Question
you compilete the readings and : 2 : = : e
ivifies in this mmmiul:hslesonmbebywmhewaadMqum.
(Z=3 identify Crosscutting Concepts
Create a table of the cosscutting concepts and fill in =xamples youo find as your read.

Lesson 2 - Nuclear Energy 199

Fission hen a neutron strikes the nucleus of a
fragment o= atom, the nucleus splits apart into two
smaller nuclei. In the process, two or three
R Netitron neutror15 e?lso are emitted. The smaller nuclei are
called fission products.
N Energy  Explain what happens to the neutrons that are

L] T p——— & Neutron released in this reaction.
Neutron
M Energy
U-235 &
nucleus G Neutron
Fission
fragment

The nuclear chain reaction

How does a fission reaction proceed in the reactor core? As U-235 nuclei undergo fis-
sion, neutrons are released and are absorbed by other U-235 nuclei. When a U-235
nucleus absorbs a neutron, it splits into two smaller nuclei and two or three free neu-
trons, as shown in Figure 13. These neutrons strike other U-235 nuclei, triggering the
release of more neutrons, and fission continues.

Because every uranium atom that splits apart releases free neutrons that cause other
uranium atoms to split apart, this process is called a nuclear chain reaction. In the chain
reaction, the number of nuclei that are split can more than double at each stage of the
process. As a result, an enormous number of nuclei can be split after only a small num-
ber of stages. For example, if you start with one uranium nucleus and the number of
nuclei involved doubles at each stage, after only 50 stages, more than a quadrillion nuclei
might be split. Nuclear chain reactions take place in a matter of milliseconds. If the
process is not controlled, the chain reaction could release a tremendous amount of
energy in the form of an explosion.

A constant rate To control the chain reaction, some of the neutrons that are released
when U-235 splits apart must be prevented from colliding with other U-235 nuclei. These
neutrons are absorbed by control rods containing boron or cadmium, which are inserted
into the reactor core, as shown in Figure 11. Moving these control rods deeper into the
reactor causes them to absorb more neutrons and to slow down the chain reaction.
Eventually, only one of the neutrons released in the fission of each of the U-235 nuclei
strikes another U-235 nucleus, so energy is released at a constant rate.

@: Get It?

Explain how a nuclear chain reaction is controlled in a nuclear reactor.

STEM CAREER CONNECTION

Nuclear Technician

If you enjoy working with computers and other equipment and are meticulous and
safety-conscious, the job of nuclear technician might interest you. Nuclear technicians

in the nuclear power industry monitor and operate nuclear reactors, ensuring they are
functioning safely and efficiently to deliver electricity to homes, schools, and businesses.

Lesson 2 » Nuclear Energy 201



Diffrentiate between fusion and fission

Textbook, fig 13

1949, 201

Part2 JU sl

fission

Occur when:  a heavy unstable nucleus splits into
two or more smaller nuclei.

Occur When: two or more small nuclei combine to

form a heavier, more stable nucleus,

» The nuclear chain reaction:

Small amount of mass—>a tremendous amount of energy

1. No need for high temperature to start
2. convert nuclear energy into electrical energy

1. Occurs at millions of deprees Celsius

2. No chamber can hold this high temperature

When a U-235 undergo fission;

Ca R . S

Meutrons are released.

Another nucleus absorbs a neutron.

it splits into two smaller nuclei and two or three free neutrons.
These neutrons strike other U-235 nuclei.

Because every uranium atom that splits a part releases free
neutron that cause other uranium to split apart = this process
is called a nuclear chain reaction.

As @ result: An enormous number of nuclei can be split after
only a small number of stages.

To cantral the chain reaction: Some of neutrons that are released when

U-235 splits must be prevented from colliding with other U-235 nuclei.
By controlled rod that absorbed it.

1. What is the name of the process that occurs when the
nucleus of an atom splits apart and energy is released?

A fusion CORRECT

o, fission
&, reaction

& radioactivity
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List the alternative fuels resources and the problems associated with using them

Texthook

211

Part2 JU gaul

13
terr
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The use of fossil fuels would be greatly reduced if cars could
run on alternative energy resources alone. For example, some
cars use electrical energy supplied by batteries as their
primary power source. Hybrid cars use electric motors and
gasoline engines.

1ative Fuels

Hydrogen

Hydrogen fuel cells are another possible alternative energy
resource. A fuel cell behaves like a battery. It combines
hydrogen with oxygen in air to generate electrical energy,
water, and heat. There are several problems with using
hydrogen fuel as an alternative energy resource, however.
First, obtaining hydrogen requires more energy than the
energy that is released by the fuel-cell reaction. Second, hydrogen fuel cells are built from
expensive platinum parts. And third, there is a lack of hydrogen fueling stations, as
storing hydrogen is considered to be dangerous and difficult

Fgure 24 Vegetable , ammal fats, and recyded
coolkang oils can be used to make alternative fuels such as
biocesel for transportation.

Q

Biomass

Biomass is one of the oldest energy sources. Biomass is renewable organic matter, such
as wood, soy, corn, sugarcane fibers, rice hulls, and animal manure. It can be burned in
the presence of oxygen, which converts the stored chemical potential energy to thermal
energy. Figure 24 shows a bus powered by biodiesel derived from biomass.

{2 Check Your Progress

Summary Demonstrate Understanding
- Solar cells convert radiant 14. BExplain the need to develop and use alternative energy
energy into electrical energy. sources.

- Hydroelectric power plants
convert gravitational potential
energy into electrical energy.

- Wind energy is converted into
electrical energy using a pro-
peller attached to an electric
generator.

- Alternative energy sources.
such as the Sun, water, wind,
and Earth’s internal heat, can
help reduce human depen-

15. Describe three ways that solar energy can be used.
16. Explain the similarities among electricity generation by hydro-
electric, tidal. and wind sources.

17. Infer why geothermal energy is uniikely to become a major
energy source.

Explain Your Thinking

18. Analyze On what single energy source do most energy
alternatives depend. either directly or indirectiy?

19 7S5 Connection] A house uses solar cells that generate
1.5 kW of electrical power to supply some of its energy needs.

dence on fossil fuels. If the solar paneis supply the house with 40 percent of the
power it needs, how much total power does the house use?
LEARNSMAIRT Goonline to follow your personalized learming path to review, practice,

and reinforce your understanding.

Lesson 3 - Renewable Energy Resowrces 211

Alternative

Fuels

a

garbage

o

wiod i asn CrOps

4

laimiasfill alcahal

s

fuais
|

n Fuel Cells

It Combines hydrogen with oxyegen in
air to generate electrical energy,
water, and heat

Biomass is renewable organic matter
Such as wood, soy, corn, sugarcane
fibres, rice hulls and animal manure.
It can be burned in presence of
oxygen which converts

Chemical energy into thermal.

Alternative fuels

2- Biomass

manure

1. Obtaining hydrogen requires more
energy than energy released.

2. Cells are built from expensive
platinum parts.

3. Lack of hydrogen fuelling stations.

Fus! Cell

Hydrogen ED
ey

Heat

2>
j Electricity
5>

Water

5. Which of the following energy conversions takes place
when biomass is used as an energy source?

2, thermal to chemical potential

ﬁ radiant to thermal

&~ mechanical to thermal

D chemical potential to thermal correcT
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List the alternative fuels resources and the problems associated with using them Textboaol 211

Part2 Ul il

1. Which of the following energy conversions takes place when biomass is used as an energy source?
a. Mechanical to electrical energy.
b. Radiant to electrical.
c. Thermal to electrical.
d

Chemical potential to thermal.

2. Aln) is a resource that is replaced by natural processes nearly as quickly as it isused.
nonrenewable resource

a.
L. reserve

0

energy option

d. renewable resource

3. Which of the following is a disadvantage of hydroelectricity?
a. Itis not very efficient.

It causes pollution.

b
c. Itis expensive compared to other options.
d. It can disrupt ecosystems.



Explain how to reduce the environmental impact of humans on land, water, and air Textbook 213, 214

Part2 G gadl

People and the Environment

You have an impact on the environment every day. The electrical energy that you use
most likely comes from burning fossil fuels. The cars and buses you use for transporta-
tion burn fossil fuel. Fossil fuels are mined from Earth and have an impact on the air that
you breathe. The water that you use must be treated, as shown in Fgure 26, to remove as
many pollutants as possible before it is recycled back into waterways. Pollutants include
any substance that contaminates the environment.

You also use plastics and paper every day. Plastics are petroleum-based products. When
petroleum is refined, it produces pollutants. In the process of harvesting trees to make

paper, trees are cut down. They are transported using fossil fuels, and water and air can
be polluted in the paper-making process.

Impact on Land

Land is affected when resources such as fossil fuels, water, soil, or trees are extracted from
Earth. You might not think of land as a natural resource, but it is as important as fossil fuels,
clean water, and clean air. We use land for agriculture, forests, urban development, and
even waste management. These uses impact the land and the natural resources it provides.

Agriculture

The pears and apples that you purchase at the grocery store were grown on farms, which
cover 16 million km? of Earth’s total land area. To feed the world's growing population, some
farmers are planting higher-yielding seeds and using stronger nitrate- and phosphate-based
fertilizers. Herbicides and pesticides are also used for weed and pest control. These methods
increase the amount of food grown, but, if not managed properly, they can have a negative
impact by possibly polluting soil and water and endangering animals.

(555 CROSSCUTTING CONCEPTS

Stability and Change Write 2 paragraph 1o descnbe how the growing human population can
destabilize Earth's systems. Cite evidence from the t=xt on this page and the previous page.
Then, suggest thrae steps you can tzke that will act to stabidize one or more of Earth's systems.

Lesson 4 - Environmental impacts 213

Organic farms Organic farming methods, as shown
in Figure 27, use natural fertilizers, crop rotation, and
biological pest controls. These methods help reduce
pollution and other negative impacts on land. How-
ever, organic farming methods cannot currently
produce the food that is necessary to feed the world’s
growing population.

Deforestation

Approximately 25 percent of Earth’s total land area is
covered by forests. Whether you are writing on paper
with a pencil, sitting in a wooden chair, or wiping : fx
your face with a napkin, you are using products : - -

= = Figure 27 Organic farms reduce the ronmental ct
derived from wood. This wood comes from forests fertiizers, pesticides, mmm l::: o
worldwide.

Deforestation is the clearing of forest land for agriculture, grazing, urban development,
or logging. It is estimated that the amount of forested land decreases by 94,000 km? each
year. Many of these forests are home to diverse populations of plants and animals.
Cutting down trees could lead to the extinction of some of these organisms. In addition,
plants remove carbon dioxide from the atmosphere. Deforestation increases the
concentration of carbon dioxide in the atmosphere. Scientists believe that an increase in
carbon dioxide has contributed to an increase in atmospheric temperatures worldwide.

Urban development

With a growing population, the percentage of land area devoted to urban development
has increased. Highways, office buildings, stores, housing developments, and parking
lots are under construction every day. This development can lead to negative impacts on
land. For example, paving land prevents water from soaking into the soil. Instead, water
runs off into sewers or streams, increasing stream discharge and the threat of flooding.
Because water is unable to seep through pavement, this also decreases the amount of
water that seeps into the ground.

Some communities, businesses, and private organizations preserve areas rather than
pave them. As the population grows, more urban
areas have been set aside for recreation and preserva-
tion for future generations to enjoy. Some urban
areas have been designated as historic sites, parks,
and monuments by the federal, state, and local
governments, such as Central Park in New York City,
shown in Figure 28.

Waste

Whether or not you realize it, you impact land when
you throw garbage into a trash can. About 55 percent
of our garbage is disposed of in sanitary landfills. The
rest is recycled or burned. Some of the wastes release
substances, such as lead from batteries, that are
harmful to humans and animals. Wastes that are
poisonous, that cause cancer, or that can catch fire Figure 28 Some land in urban areas. such as New York City's
are classified as hazardous wastes. Central Park. is preserved for regeation.

214 Moduie 8 - Energy Sources and the Enveonment
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Explain how to reduce the environmental impact of humans on land, water, and air
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Type of pollution

causes

effects

Type of pollution

Agricultural

Farmers are planting
higher -yielding seeds

Using stronger nitrate

And phosphate-based

fertilizers.
Herbicides and pesticides are

used for weeding and pest
contral.

-if they are not managed,
they can have a negative
impact

-pollute =oil and water

Thereby endangering
animals.

causes

effects

1 Urban development

With a growing
population, the
percentage of land area

devoted to urban

Organic farms:

Cannot produce the
food that is necessary to
feed the word's growing

population.

Use natural fertilizers,

Crop rotation, and biologic pest

control.

These methods help reduce
pollution and other negative
impacts on land

A Lots development are under
construction every day like
highways, office buildings,
stores, housing developments
and parking

Paving land prevents water
from soaking into soil.

Water runs off into sewers
or streams which increasing
stream and threat of

Deforestation:

25% of earth total land
iz covered by forests.

It is estimated that the
amount of forested land
decreases by 94,000Km?*

each year

Is clearing of forest land for
agriculture grazing, urban
development, or logging.

Also, you are using products
derived from wood like paper, a
pencil wooding chair or wiping
your face with a napkin.

Cutting down tree could lead
to the extinction of some
plants and animals.

Also, it increases the
concentration of carbon
dioxide in the atmosphere
which will increase in
atmosphere temperature
worldwide.

disposed of in sanitary
_landfills_. The rest is

_recycled_ or _burned_.

develaopment has flooding
increased Amount of water
underground decrease
2 waste 55 % of our garbage is Some wastes release

substance such as lead from
_batteries_ that harmful to

humans and animals.

_hazardous wastes_is
wastes that are poisonous
(cause _cancer) or catch fire.

Mational Parks

Like Mangrove national
park in Abu Dhabi

2. Which of the following is the correct definition of a

pollutant?

4, Wastes that cause cancer.

B Any substance that contaminates the environment.

CORRECT

<1, Smog that is results from a reaction with sunlight.

25, Particulate matter that impacts the air.

Theze areas are safe from
urban_ development, _waste
disposal and extensive
deforestation_.

Parks are home to plants,

animals, and waterways.

As the population _grows_,
impact on land may
_WOrsen_.

5. Between 1960 and 2010, the world population
increased by how many bhillions of people?

"‘ B 1.0 11
F1o
L9
B) 3.8 CORRECT Es
£ 7
£S
= 3 1
“42 ?.'4 —
% 3 |[600 milion
g 2| mo
3K 5.9 g1
—< iy

Human Population over Time

6.8 billion
2010

|| 3 billion
1960 |
Toilion| | N

1700

1800 1900 2000 2100
Year




17 Calculate and compare between the momentum of two different mowing objects

Textbook, example problem 2, fig.14

48, 49

3 Momentum Tawe 3 Typical Momenta

& z [rasoee
An object is moving at 2 mys toward a glass vase. Will the vase be e Po——

% damaged in the collision? If the object ha.s 4 small mass. ke abug, a T bl 1S

m collision will not damage the vase. But if the object has a larger mass, = T

‘s like a car, a colfision will damage the vase. I E i

a Car on infefstate | 25,000

A useful way of describing both the velocity and mass of an object is
to state its momentum. The momentum of an object & the prodoct of
its mass and velocity. Momentum is usually represented by the
symbuol p and is defined for a particular frame of reference.

m Equation
momentom (in kgmi's) = mass {in kgl x welodty {in md's)
P=nmw

The unit for momentum is kg-m/s. Like velocity, momentum has a
size and a direction. An object’s mementum is always in the same
direction as its velocity. Table 3 shows the momenta of soms commmon

ohbjects.

SOLVE FOR MOMENTUM Al the end of 3 raCe, 3 sprintor with a mass of B0.0 kg
has avelocity of 0.0 mi's east What = ihe sprmilers momenim?

ldentify the Unknowr:
List the Knowns:

Set Up the Problem: p = mw = [BD.D kgj x (0.0 mis) east

P = {20.0 KIN10.0 M/s] east — S00.0 KI-MS 2ast

Check the Answer: Our answer makes sense becauss it is greater than the
momenium of a walking person ns much less than the
momenium-of a car on the highway.

Solve The Prodem:

12. Whnatl s the momenism of 3 Car willl 3 mass of 1200 kg F2veing non
at aspoeed of 28 mis?

13. A Dasohall Nas 3 MOoMmEentum of 6.0 KIHTYS SoUll and 3 mass of 0I5 ko
What is the basceball's welociy?

14. Find the mass of a person walkng west ot 3 speed of 0.8 m's with 2
momentum of 52 0 kg-m's wesl

15. CHALLENGE The mass of 2 Daskaibal & ree Bmes grealer han he mass
of a Sofbhail Compare the momenta of 2 sofiball and 2 Daskothall if they
are moving at the samse vetocity.

48 Moowe 2 . Motion

Comparing momenta

Think about the car and the truck in Figure 14. Which has the greater momentum? The
truck does because it has more mass. When two objects travel at the same velocity, the
object with more mass has a greater momentum. A difference in momenta is why a car
traveling at 2 m/s might damage a porcelain vase, but an insect flying at 2 m/s will not.

Now consider two 1-mg insects. One insect flies at a speed of 2 m/s, and the other flies at a
speed of 4 m/s. The second insect has a greater momentum. If two objects have the same
mass, the object with the greater velodity has the greater momentum.

[B Check Your Progress

Summary Demonstrate Understanding

- The velocity of an object 16. Describe a car’s velocity as it goes around a track at a
includes the object’s speed and constant speed.
its direction of motion relative o 7 Explain why streets and highways have speed limits rather
a reference point. than velocity fimits.

+ An object’s motion is always 18.Identify For each of the following news stories, determine
described relative to a whether the object’s speed or velocity is given: the worid
reference point. record for the 100-meter dash is about 10 m/s; the wind is

» The momentum of an objectis 30 km/h from the northwest a 200,000 kg train was traveling
defined for a particular frame of north at 70 km/h when it derailed; a car was issued a ticket for
reference and is the product of traveling at 140 km/h on the interstate.
the object’s mass and velocity: . o
p=mv. Explain Your Thinking

19. Describe You are walking toward the back of a bus that is
moving forward with a constant velocity. Describe your motion
relative to the frame of reference of the bus and relative to the
frame of reference of a point on the ground.

20733 Connection| What is the momentum of a 100-kg
football player running north at a speed of 4 m/s?

21 L7515 ® Connection] Compare the momenta of a

6300-kg elephant walking 011 m/s and a 50-kg dolphin
swimming 10.4 m/s.

LEARNSMART® Gooniline to follow your personalized leaming path to review, practice,
and reinforce your understanding.

Lesson 2 - Velocity and Momentum 49



Calculate and compare between the momentum of two different moving objects Textbook, example problem 2, fig.14 48, 49

Part 3 SJEN ejall

3. Which of the following statements is NOT true? 4. What is the momentum of a 1000-kg car that is driving 5. Which of the following is NOT true of
60 m/s east? momentum?
ﬁ Geologic evidence suggests Earth’s crust is = _ _ ) _
changing. ‘A 60,000 kg:m/s east  CORRECT @44, It has a size and a direction.
* The choice of a moving reference point affects - ‘B Itis the product of an object’s speed and
1.67 kg'm/s east & P J P
how you describe motion. * gm/ velocity. CORREGT
€ An elevator moving up at 2 m/s has the same CORRECT 2 16.7 ke'm)/ i i An object’s momentum is always in the same
velocity as an elevator moving down at 2 m/s. * < KETWSERS direction as its velocity.
. . ! 2 A Il object i t th das|
* Velocity and position always depend on the point of * SHIAY QUSRS PRAVITIE A s SAME spRetRs Jatast

reference chosen * 0.167 kg-m/s east object will have less momentum.

mi \Which has the largest Momentum??

car ____ Tuck

30 m/s east 30 m f ¢ east

30 m/s east 30 m/s east
1800 kg 25000 kg
Momentum= Momentum=
Mass X velocity Mass X velocity

30x1800 = 30x25000=
54,000Kg.m/s 750,000 kg.m/s

Both the car and the truck have a velocity of 30m/s east, but the truck has a much larger momentum

because it's had more mass than the car.




Calculate and compare between the momentum of two different mowing objects

SOLVE FOR MOMENTUM Al the end of a race, a sprinter with a mass of 80.0 kg

Textbook, example problem 2, fig.14

8. ADaseball nas 3 momentum of 6.0 kgHmvs south and a mass of Q5 kg
What s the DaseDal's velodity?

has a velocity of 10.0 m/s east What s the sprinter's momentum?

Identity the Unknown:

List the Knowns:

momentum: p

mass: m = 80.0 kg

velocity: v = 10.0 m/s east

p = mv = (80.0 kg) X (10.0 m/s) east

p = (80.0 kgK10.0 m/s) east = 800.0 kg-my's east

Our answer makes sense because it is greater than the
momentum of 3 walking person but much less than the
momentum of a car on the highway.

PRACTICE Problems X ADDITIONAL PRACTICE

12. What is the momentum of 3 car with a mass of 1300 kg traveling north
al aspeed of 28 m/'s?

momentum ?

mass=1300 kg
Velocity=28 m/s north

Unknown:
Known:

Momentum = mv
= 1300 kg X28 m/s = 36,400 kg.m/s north

Unknown:  velocity?
momentum=6.0 kg.m/s south
mass=0.15 kg

Known:

Momentum = mv

V=p/m
V=6.0/0.15=40 m/s north

. Find ihe mass of a person wallcng wees! 2l 3 peed ol 02 ms wilh 3
momentum of 520 kgms wesl

Unknown: mass?
momentum=52.0 kg.m/s west
mass=0.8 m/s west

Momentum = mv

m=p/v
m=52.0/0.8=65 kg
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Calculate the work done by a force perpendicular and parallel to the distance mowved by the object Textbook, fig.1, Example problem 1

Part 3 EJEN aiall

initi f WaArl Force parafle]l to motion Imagine that vou posh on the lawn mower in Figure 1 with a
DefinlUOn of \' vOrK force of 25 N and throngh a distance of 4 m. In what direction would you push to do the
To many people, the word work means something that people do to earn money. In that mﬂ":'m“_:’ Il':m‘“m‘ of work ““thtl‘e mower? You do the m“_““mr"_t";“ﬂ“’_“ of work when
sense, work can be anything from fixing cars to designing Web sites. The word work AP S AT TRAEE I i e (e e A 5 I Iavng: VO Hroe s mation

2 S : % N z are paralle], which means they are in the same direction. work is equal to force
might also mean exerting a force with muscles. However, in science, the word work is multiptied by distance.

used in a different way.

Motion and work

Press your hand against the surface of your
desk as hard as you can. Have you done any
work on the desk? The answer is no, no
matter how tired you get from the effort. In
science, work is force applied through a
distance. If you push against the desk and it
does not move, then you have not done any
work on the desk because the desk has not
moved.

If force is measured in newtons (W) and distance is measured in meters (m), then work is
measured in joules (T} You do about 1 § of work on a cell phone when you pick it up off
the floor.

SOLVE FOR WORK You push 3 refrigeratorn will 3 honizoniad torce of W00 ML i you move
the refngeratorn a dgistance of 5 M while you 0e PUsTEng. oW MLUCH Work 00 you 0o?

WDTEC W
appied force. F =100 N
W= R

Force and direction of motion T
Imagine that you are pushing a lawn mower,
as shown in Figure 1. You could push on this
mower in many different directions. You
could push it horizontally. You could also
push down on the mower or push on it at an
angle. Think about how the mower’s motion

W= (100 N)5 m} = SO0 J
Check o soo whether the unils match on both sides of the equation.
UNits of W= [unis of F) x (mis i gy =Nx m=J

PRACTICE Probleme W ADDITIOMAL PRACTICE

ou apply 2 force hwough 3 distance when you push a lawn mower

would be different each time. The direction of F=rsawn In other words. you do work on the lawn mower when you push 1.:EmimmmaWImgm$HMMEMM5mm
! A % over 2 am TIO0r. HoWw much Work is oone in moving COUC?
the force that you apply to the lawn mower ) A , s} 2. HOW MUCH WOk 00 YOU 00 When you St 3 1D0-N child 0.5 m7
affects how much work you do on it Explain whether you could do work on the mower without moving it 3. The brakes on a car oo 240,000 ) of work in stopping he cac if ihe car travels 3
distance of 40 m while the rakes are bemg appicd. how age is the average force that
the Drakes exert on he car?
=l SO0 R T s 4. CHALLENGE The fofce nesded 1o it an obéecl is egual in size o the gravitational
"ﬁu&:‘.—';:&"-"_g; m:-L o i re e force on the object How Much work & done in ifEng an object that has 3 mass

- of 5 kg a verical distance of 2 m?
COLLECT EVIDENCE INVESTIGATE

|2 Use your Science Joumalto | G0 ONLINE 1o find these activities and mare resoesces.

sdence ollect X 2 Force perpendicular to motion When you carry books while walking at a constant
;‘;ﬁ:‘:‘;xﬂwm%m“amummemm 2 ve]odt}:}wnﬁ,ghtthmkﬂuijwmamdﬂnghﬂkmthﬂs&h}n&i!\fbﬂraﬂ.}'uu
vities in this Jesson. Develop and use a mod! to caluate the work needed to [ift cbjects and the effect an are exerting a force on the books to hold them, and the books are moving with vouw. Your
inclined plane has ot mproving mechanical advantage and efficency arms might even feel tired. However, in this case, the force exerted by vour arms does
amw zerum:rriu:lnLhet'-_nokf,.Thjsisbecau_&-ethereisa?ﬂ}'angletﬂhmthjs@cemlm
Develop and use 2 mode! to calculate the work neaded to it cbjects and the effect 2 single books and the r!mumu!thebooks. When a frce is perpendicular g3 motion, the work
fxed pulley and 2 block and tadde have on improving mechanical advantage and efficiency o) S v s pewa

88 Moduse 4 - Work and Encegy

Lesson 1. Work and Machines B9



Calculate the work done by a force perpendicular and parallel to the distance mowved by the object

Textbook, fig.1, Example problem 1 88, 89

Part 3 SJUH il

1- Force Acts </1/!|= | to Movement

2- Force Acts /1 /.1 4/- to Movement

3- Force Acts == rcdioi-to Movement

The applied force acts parallel to the direction

of movement.

applied force

‘—
direction of
movement

adll

Work is done

The applied force acts at an angle to the direction of
movement.

*The work done is:

* less than when the force and movement are parallel

» more than when the force and movement are perpendicular

applied force

direction of
movement

Work Equation

work (in joules) =
applied force (in newtons) x

W=F

(in meters)

J

The applied force acts perpendicular to the direction of movement.

This applied force does not cause the box to move forward.

'!,L
-

S -y
direction of

No work. [L

applied force

Fgure 1 You apply a force through a distance when you push a lawn mower
over 2 lawn. In other words, you do work on the lawn mower when you push
R et W

Explain whether you could do work on the mower without mowving it



18 Calculate the work done by a force perpendicular and parallel to the distance mowved by the object Textbook, fig.1, Example problem 1 88, 89
i
e =
% SOLVE FOR WORK You push a refrigerator with a horizontal force of 100 N. If you move 2. a0y oo y ima 05 e
= the refrigerator a gistance of 5 m while you are pushing. ow much work do you do?
E Identify the Unknown:  worikc W Force 100N

List the Knowns: applied force: F = 100 N dgstance:d=5m

Set Up the Problem: w=r

Check the Answer: Check to see whether the units match on both sides of the equation.

units of W = (units of F) X (unitsof d) =N X m = J

PRACTICE Problems
1. A couch is pushed with 3 horizontal force of 80 N and moves 2 distance of 5 m across

The applied force acts perpendicular to the

the floor. HOw MUCh work is done in moving the couch? direction of movement.
Unknown: work
Known: force =80N This applied force does not cause the child to move
distance=5m Al
Work= F.d
W=80N X 5m= 400 J \ «f | 3. The brakes on a car do 240,000 J of work in Stopping the car. If the car travels a
1, Em W distance of 40 m while the brakes are being applied. how large is the average force that
the Drakes exert on the car?

1. Using the scientific definition, which statement is always
true of work?

Unknown: force
Known: work =240,000 J

20 Itis difficult. :
- 0) distance=40m
* It involves levers Wordbione
2%, Itis done with a machine. F d Wo rk= F. d

Force Distance

(N) (m) F=w/d =240000/40=6000 N

w It involves a transfer of energy. CORRECT
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Define coolant, and diffrentiate between water and metals used as coolant
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Specific Heat

Have you ever been to the beach during the summer? The ocean

Tabie 1 Comparison of
Specific Heats"

was probably cool, but the sand was probably hot. Energy from the S LegCR
Sun falls on the water and sand at nearly the same rate. However, Water 4200
the Sun’s energy changes the sand’s temperature more quickly than "o 700
it changes the water’s temperature : —

s : Sand | 830
A substance’s temperature changes when that substance absorbs Carbon {graphite) 710
thermal energy. This temperature change depends on the amount of o | aso

thermal energy that the substance absorbs and the mass of the
substance. This temperature change also depends on the nature of
the substance.

The specific heat of a material is the amount of heat needed to raise
the temperature of 1 kg of that material by 1"C. Scientists measure
specific heat in joules per kilogram degree Celsius [J/(kg - "O)L
Table 1 compares the specific heats of some familiar materials.
Compare water with iron in Table 1. Water has a very high specific
heat. Metals, such as iron, have low specific heats. To raise equal
masses of water and iron 1°C, water must absorb almost 10 times
more thermal energy than iron. Figure 4 explains why this is so.

f
gGet 1 €4
Define specific heat.

Water as a coolant

A coolant is a substance that can absorb a great amount of thermal
energy with little change in temperature. Water is useful as a coolant
because it can absorb thermal energy without a large change in
temperature. For example, people use water as a coolant in automo-
bile engines. Thermal energy transfers from the engine to the water as
long as the water temperature is lower than the engine temperature.

When thermal energy is added to water, some
of the added thermal energy has to overcomes thermal energy s added, no strong attractons
some of the attraction between the molecules need 1o be overcome before the electrons can
before those molecules can start mowving faster.  start to mowe faster

L 1- Temperature, Th

change in temperature
S the transfer of thermal energy

depends on the nature of the
substance. Water molecules have
strong attractions fo each other.
Therefore, the specific heat of water
is high. The electrons in metals move
easily, transferring thermal energy
throughout that metal quickly. As a
result, the spedfic heats of metals
are low

The specific heat of a material is the amount of heat needed to
raise the temperature of 1 kg of that material by 1°C.

Scientists measure specific heat in joules per kilogram degree Celsius
[J/(kg - °C)]. Sample values are below.

Water = very

Water 4200 high specific
Wood 1700 heat
Sand ; 830 Iron—> low
Carbon (graphite) 710 specific heat
lron 450

*VValues have been rounded

Energy. and Heat 117

(oL ETiiHlis a substance that can absorb a great

amount of thermal energy with little change in
temperature

§fong Ereely moving electrons

intermolecular
‘/ forces c é Ig w # "

O

S
£
X 3

IREEEEl < cctrons can

When thermal energy is
added to . some of
the added thermal energy
must over- come some of
the attraction between the
molecules before those
molecules can start
moving faster.

move freely.

When thermal energy is
added, no strong
attractions need to be
overcome before the
electrons can start to
|move faster.
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4. Which substance is often used as a

coolant? 5. Which is used to determine the specific heat

of a substance?

35 wood

@ calorimeter 2. thermometer
CORREC
J5¢ sand -
© water CORRECT J2¢ burner 2. . probe

J5 graphite




Study the electrical power plant and Link each stage with it's energy efficiency, Clarify and list the energy

20 . . . . . Textbook, fig.7 196, 197
transformations from the energy stored in fossile fuels into electrical energy
P Fuel burned in a boiler or combustion chamber converts Atmospheric CO2 Concentration

‘3; Ongln— of coal ' _ U.S. Electricity Generation by Source = -~ sial energy into 8 i i 20 : I
Coal mines were once the sites of ancient swamps. Coal formed as Biomass Solar heats water and produces pressurized steam_ This steam Ex i

g swampy plant material, buried beneath sediments, decayed and G % strikes the blades of a turbine, causing it to spin, convert- S350 ! |

- compacted into peat. Over millions of years, heat and pressure by 0.4% ing thermal energy into mechanical energy. The shaftof 8 380

-E converted the peat into coal. Hydrostectric the turbine connects to an electric generator, which & 370

a Coal is a mixture of hydrocarbons and other chemical compounds. 73% converts mechanical energy into electrical energy. The B g il
Compared to petroleum and natural gas, coal contains more chemi- M See electrical energy is then transmitted to homes, schools, § e =
cal impurities, such as sulfur and nitrogen-based compounds. As a 207x and businesses through power lines. 330
result, more poliutants, including sulfur dioxide and nitrogen m ) S 220 l !
oxides, are produced when coal is burned. fuet gases Power plant efficiency D I O CERe SOGe I SN

i In the power plant, not all of the chemical potential Year

gGe(lt?

Figure € This dircle graph shows the energy stored in fuel is converted into electrical energy. SipweS The cashen dioside concenisaon in EailVs

Describe how coal forms. :‘mma:m‘mwm’s:: Some energy is converted into thermal energy. As a stmosphere has been measured at Mauns Loa Observatory in
ws’auhzwg’ result, no stage of the process of electricity production is  Hawai From 1958 to 2018, the carbon dioxide concentration
Coal use ' 100 percent efficient. has increased by 1.56 parts per million (ppm) per year.

Predict how the concentration of carbon dicxide will change in

Coal is the most abundant fossil fuel in the world. The amount of coal
the next several decodes based on the groph trend.

The overall efficiency of a fossil fuel-burning power piant

available is estimated to last between 200 and 250 years at our current
rate of consumption. Because of its supply, scientists are looking for
ways to make coal a cleaner energy source. For example, filters on

is roughly 35 percent. This means that only 35 percent of
the energy stored in fossil fuels is transported to homes,
schools, and businesses as electrical energy. The remaining

smoke stacks and stricter government standards have reduced harmful

particulates released into the atmosphere when coal is burned 65 percent is converted into thermal energy. Often, this heat
el is .

is released into the environment.

Electricity

Figure 6 shows that 63 percent of the electrical energy used in the
United States in 2017 was produced by buming fossil fuels, such as
natural gas and coal. How is the chemical potential energy stored in
fossil fuels converted to electrical energy in a power plant? The
process of energy conversion is shown in Figure 7.

er plant efficency describes how mach energy & avaidable to do work and produce slectndty.

The Cost of Fossil Fuels

Although fossil fuels are common energy resources, their uses have
associated costs and risks. Burning fossil fuels releases small partic-
ulates into the atmosphere, which can cause breathing problems.
Fossil fuels also release carbon dioxide (CO,) when they are burned.
Figure 8 shows how the CO, concentration in the atmosphere has
increased from 1958 to 2018. This increase in atmospheric CO,
concentration is the chief contributor to global climate change.

which stoge in this process is the most insfficent.

Cooling

N

Y

Large Dody of water

196 wmoduie 8 - Energy Sources and the Enveonmest
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Study the electrical power plant and Link each stage with it's energy efficiency, Clarify and list the energy
transformations from the energy stored in fossile fuels into electrical energy

Textbook, fig.7 196, 197

» Coal o
Is & solid fossil fuel can be
found in mines formed as
swampy plant buried beneath
sediments decayed and
compacted into peat

Part 3 SJUN sl

Mixture of hydrocarbons and
other chemical compounds
It's contained more impurities
such as sulfur dioxide and
nitrogen oxides.

Produce electricity

‘/ Note:

The most abundant fossil fuel.
Estimated to last for 250 years

HOW COAL WAS FORMED

How is the chemical potential energy stored in fossil fuels converted to electrical energy?

In a power plant, not all of
the chemical potential
energy stored in fuel is
converted into electrical
energy.

Some energy is converted
into thermal energy. L
No stage of the process of
electricity production is 100
percent efficient.

=

= Foss e “wb!
il

The process is shown below:

T camnssrrsion of cnorgy ot o ooal-Tired (peossser plant

EFearrrual srsa Ly
T

TR Tl A el aTETTT
T =t el

# Elect ricity: 63% of electrical energy used in US is produced by burning fossil fuels.

Fen b=l

e el TR EYY i

»>| |

S L

part of power station What happens hare? What energy transfer happens here?
bailer
Chemical inth | = Th | Emergy that
combustion chamber Coal is bumed etk fridgedin dibeal 2t

heats water and produces pressurized steam

turbine

Steam strikes the blades of the turbine and

turns it around. (spin)

Thermal energy =+ Mechanical energy of the turkine

generator

An electric current produce

Mechanical energy = electrical energy that
transmitted to homes, schools through power line

F Power plant efficiencoy:

SWAMP
300 million years ago

WATER
100 million years ago

ﬁ of energy stored in fossil fuels is transported to homes, schools snd business

Rocks & Dirt

m is conwerted into thermal energy.

Fozzil Fuels refease carbon dinxsde [{CO2) when they are burned

Scientists think the increzse in atmosphenc CO2 concentration
causes global warming

Over millions of years, the plants
were buried under water and dirt.

Before the dinosaurs, many

Heat and pressure turned
giant plants died in swamps.

the dead plants into coal.
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transformations from the energy stored in fossile fuels into electrical energy

Study the electrical power plant and Link each stage with it's energy efficiency, Clarify and list the energy

Texthook, fig.7 196, 197

Stage 2 The thermal
energy heats water Water Stage 3 Pressurized steam
and produces steam a r\k spins the turbine blades.
This stage is 90 percent Thermal energy is converted
efficient. into mechanical energy. This
2 ' stage is 75 percent efficient

| Stage 1 The chemical

| potential energy
stored in fossil fuel is

| converted into thermal

| epergy as the fusl is
bumed in 3 boiler.

| Only about 60 percent |

| of the available

| chemical potential

| energy s converted
into thermal energy

Part 3 SJEN el

Fuel

— "

Chemical potential energy in a fossil fuel

Fossil fuel is burned (combustion) (thermal energy)

This makes steam which turns a turbine (mechanical energy)

Turbine turns on a generator (electrical energy)

Burning fossil fuels is NOT efficient — most of the energy is lost in the
combustion stage

| TP /
/RS
— J P A
— | 4 e (\
/ - / / \
/ Transiormer i\
aVA

Stage & The turbine biades Suage S Andecric cnere 5| [
530 &0 electri generale trargmitied dong powes s !

Nesety-fve percent of the Bectrcal resistance cooverts L A
mechaexyl enengy i the some of the slectrical seery Power nes
trbee & converted e i thermal energy. This stage

ehectrical enevgy & 30 percent eficient

4, How much of the electrical energy used in the United
States was produced by burning fossil fuels in 20177

S 6% €) 63%  CORRECT

0 36% . 93%
SRS —

3. Which fossil fuel is the most abundant in the world?

natural gas ¢ coal CORRECT

274 wood <~ petroleum



