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Explain how the particle movment and collision allow the spread of matter in terms of diffusion

Textbook, figures, investigation

12, 13, 14

Movement and Cellisions In the Lab Waoit For 7, the food coloring moved
when the water in the beaker appeared to be complotely still. How did this
happen? Waler particles, like the particles in all liquids, constantly burmp and
flowy past each other in randem motion—movement in all directions and at
different specds. The mowemaent and collisions of the water particles push
the food colaring particles around, causing the colonng o spread out, or
diffuse, Diffusion s the movement of particles frorm an ares of higher
concentration to an arga of lower concentration. Diffusion does not happen
instantly. Particles diffuse until the concantration is the same threughout the
container, When the concentration of food coloring is the same throughout
the container, the liguid is one colorn

Take a lock at the figure below. Motice that as you mowve from left to right.
the particles hecome more diffuse.
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What determines
how much energy
particles have?

Lzparizht 0 AcCrwsil | bdcahizr

Catrgirecen

You know that a rolling ball has energy
because it is maving. Particles also
move, sa they alse must have energy.
Remember. energy is the ability to
cavse change. s there a relaticnship
betwean how fast a particle moves and
the amount of energy it has? Let's
imvestigate!

12 EXPLORE/EXPLAIN Module Encroy and Matter
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INVESTIGATION

Ready, Set, Collide

'B GO ONLINE Walch the video Dye Roce Lo investigate how ndding
energy affects particle movement. Record your observations below.

-~

p

-
Students should record their observations. They should notice
that dye in the beaker at the higher temperature diffuses more
quickly than dye in the beaker at the cocler temperature.

)

Use your observations from the video te draw conclusions about the figure
below. What can vou conclude about how edding encrgy to the liquid on the

rightwill affect the speed of the particles?
Answers may vary. Sample answer: The dye diffused faster in the

beaker at the higher temperature. So, the more energy that is added,

the faster the particles move. If the particles are moving at a faster
speed, they will collide more often and cause the dye particles to

diffuse faster around the beaker.

EXPLORE/EXPLAIN Lesson i Particles in Motion 13




Explain how the particle movment and collision allow the spread of matter in terms of diffusion

Textbook, figures, investigation

12, 13, 14

Movement and Energy Scientists use diffusicn to clbserve how fast the
particles of a substance are moving. The faster the substance diffuses, the
faster the particles are moving. In the figure belovw, energy was added from
the hot plate to the water and dye particles on the right. This added enengy
increased the motion energy, also called kinetie energy, of the particles. As
the kinstic energy of the particles increased, the speed of the particles
increasad, The taster particles move, the more kinetic ensrgy they have.

How to Model Movement Maotion lines are used to modsl particle
movement in a still image. Since particles travel at different speeds, they
need o be represented by different numbers of motion lines. The more
medion lines, the faster the particle is moving.

Add mation lines 1o the liguid particles model an the right te show
they are moving faster than the liquid particles on the left. Circle the
model that has more kinetic energy.

@ THREE-DIMENSIONAL THINKING
b

Studemenuld a
tha

om
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Define thermal expansion and thermal contraction and compare between them according to: energy change, tempreature, particle movment, volume, textbook, figures, 3D

.. Ete.

17, 18,19

tazr il B Pl ki Evuaiba

Energy and Velume As the temperature of a material increases, its particles
move faster. They collide with each ather more often and push each cther
farther apart, The increase in volume of & material when particle motion
increases is known as thermal expansion. The opposite can also ocour, A
substance can lose kinetic energy and the particles will move slowsar. &5 they
move slower, they collide with erch cther less often, which causes the
substance to take up less space. This is known as thermal contraction.
Thermmal contraction happens when particle motion decreases and causes

the particles to cocupy less volume,

[+ THREE-DIMENSIONAL THINKING
e 75 On the right, sketch a diagram to model what the particles on the left

L

wiould look like if they went through thermal expansion. Circle the
mochzl that has more kinetic energy.

. Students should draw the particles the
.. . same size but more spread out with
. .. more motion lines to indicate a higher

. .:.' temperature and a larger volume. Students

should circle the model on the right.

Energy and Temperature The property of thermal expansion and
contraction can be used to measure temperature. Temperature is the
measure of the average kinetic energy of the particles in a material. The
temperature of 4 substance depends on how muoch kinstic energy the
particles that make up the material have. The lower the kinetic energy of the
particles, the lewsar the temperature of the substance. Cne way o Measurs
the relative amount of kinetic ensrgy or speead of the particles is by
measuring how much the sulzstance expands or contracts.

i3 GO ONLINE for additional

opportunities to explore!

Connection| [nvestigate how thermometers use
thermal contraction and thermal expansion 1o measure temperature,

|:| Ask questions o learn more about
the history of thermometers, after
wigtching the Animation How does
o glass Lol thermameter work?

OR [ | Develop a medel of a liguid
thermometer using your own
temperature scale in the Lab Soid
Your Qwn Thermometern

EXPLOREENPLAIN Lessan 1 Particles in Motion

17

Temperature Scales To compare temperatures you need to use
the same temperature scale. A scale uses two fixed points and
divides the space baltweean the two points evenly, The Celsius
scale s created with fixed points of O°C, when water freeres, and
1007, when water beils. Other scales include Fahrenheit and
Kelvin. The Celsius scale is used by scientists worldwide.
Scientists also use the Kelvin scale, The Kelvin scale was
cleveloped to predict at what temperature particles would stop all
mction, This temperature is known as absolute zero at C K. Ifa
material reaches O K, the particles in that material would not be
meving and would no longer have kinstic energy. Scientists have
not been able to cool any material o O K.

Water's freezing point on
the Celsius scole, 0°C,

is egual be 32 degrees
Fahrerheit.
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1. Construct an explanation about the relationship between average

I@ﬁl THREE-DIMENSIOMAL THINKING
o

particle speed and temperature.

As particle speed increases, the temperature increases. As
particle speed decreases, the temperature decreases. The

relationship is proportional.

energy decreases.

2. What conclusions can you make about kinetic energy and temperaturs?
As the temperature of a substance increases, kinetic energy

increases. As the temperature of a substance decreases, kinetic

COLLECT EVIDENCE

Heovww could the temperature of the wood and metal blocks be measurad?

Record your evidence (B] in the chart at the beginning of the lesson.

18  EXPLORE/EXPLAIM Modulo: Encrgy and Matter
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Define thermal expansion and thermal contraction and compare between them according to: energy change, tempreature, particle movment, volume,
.. Ete.

textbook, figures, 3D

17, 18,19

How do particles in a gas
behave compared to particles
in a higquid?

Think akout a time when you smelied what was for lunch even
thaugh you werg not near the cafeteria. The entire schoal did
not smell the lunch al the same times, The people naarby smelied
it first. The scent traveled away from the cafeteria owver time. You
could smell lunch because gas particles mowve, They mowe in
straight lines until they collide with something, like another gas
particle. These collisions change the speed and direction of the
particles” mowveoments.

P
A
J

INVESTIGATION

It's a Gas

.9 GO ONLINE Watch the video Cold Baifoon and the animation Particle
MMowvamant in Gases to see how particles in gasas behave. Complete the
graphic arganizer with your observations,

' ™
When the balloon was cooled, kinetic. When the balloon returned Lo room
enerauy... temperature, kinetic energy...
decreased. increased.
-
_,_.—-—'_'_'_'_'_._ -_—\_‘_‘—_—‘—_—‘_—\—_
i R R T - i B
Gas particies inside the bolloon.. Gas particles inside the balloon...

slowed down and moved closer. sped up and moved farther apart.

e R
T g

Evidenee of thermal...

Lepangh s thelnme il Edsalic:

p
Evidence of thermal...

contraction. expansion.

. T 8 o

Gas Particles In gases, particles mave at high speeds and bave high
amaounis of kinstic energy. Gases can expand and contract, Just like dye
diffusing in a still beaker of water, being alzle to smell a scont awver a distance
15 evidence for the movement of particles,

EXPLORE/EXPLAIN Lessen 1 Particles in Motion 19




Plam an investigation to determine the relationships among the energy transferred in solids, the mass, the volume, and the change in the average
kinetic energy of the particles as measured by the temperature of the sample.

textbook, investigations, 30 20,24

What evidence is there that particles
In a solid move?

Selids, like the wood and metal you cbhservad at the beginning of the
lesson, are often described as having & definite shape. They are not fluid
like liquids and gases. This means the particles in a salid do not flow past
each cther. Do the particles in a solid mowa? Let’s find aut!

INVESTIGATION

Still Solid

ia GO OMLIME “Watch the video Meta! Ring to observe how particles in a
solid behave when heated, Complete the graphic erganizer with your
chsersations.

e "9 ~,
‘When the metol ball wos heabed, N ‘When the metal ball returned to room
kinetic energu... temperature, kinetic energu...
increased. decreased.

b e e

-
Solid particles inside the metal ball.. E1i 0

Solid particles inside the metal ball...
vibrated faster and moved slowed down and moved back

slightly apart. to their original locations.
e
I'f.;E\.-iu:n':Jﬂce of therieal., k r,-.E-.ri.-:hr_rle:.cz of thermal.. R
expansion. contraction.
%, A

Based on what yvou saw in the Meta! Ring video, how do you think you could
model the particles in a salid?

Answers may vary. Sample answer: You could model the particles really
close to each other, but not really moving. You would still need to show
that the particles move apart from each other,

20 EXFLOREEXFLAIN Module: Energy and Matter
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Analyze and Conclude, continusd

12, What claim can you make sboul the relationship betwesn mass and
anaergy? Lse reasoning o explain how the evidence supports your claim,

Answers may vary. Sample answer: The greater the mass of a
substance, the more energy the substance has. A substance with
greater mass has a greater number of particles. The more particles
that are present, the greater the energy of that substance,

v THREE-DIMENSIONAL THINKIMNG
| ,/" A student left their half-full water bottle out in the Sun all day and wauld
like to cool it down, They could add cool tap water to fill up their waler
hottle ar they could add a small amount of cald water from the
refrigerator. Prosent an argument on which eption you weould
recommend. Support your recommendation with evidence.

Answers may vary. Sample answer: The student should use the
cool tap water. The water from the refrigerator will have a lower
temperature than the water from the tap. But, the tap water has a
greater mass. In the lab | observed that a larger mass will cause a
greater change in the termperature.

Energy and Mass Two substances have the same average kinetic
snergy by being at the same temperature, When one substance has
more particles, that substance has more energy. For example. there

are five timas as many water particles in 100 grams of water than in

20 grams of water, IF the temparatures of the two wiater samplas are the
same, the sample with mare mass will contain more total energy. The
mere particles present, the more total energy prasent in a substance.

COLLECT EVIDENCE

How o the masses of the wood and metal blocks affect how much
=nergy they have? Record your evidence (D) in the chart at the heginning
of the lesson.

24 EXPLOREENPLAIM Modulo: Encray and Matter
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Diffrentiate between evaporation and bioling point

textbook, figure, table

Changes Between Gases and Liquids When the temperature of 4 gas Water condenses
becomes low enough, the gas changes to a liguid. The change of state 0N Qrass cuerhight
from a gas ta a liquid is condensation. -

Connection Changes
etweon states of matter drive the water oycle.
Water changes from a liquid on the greund into
a gas and enters the atmosphere, When the
water vapor in the atmosphere undergoes
condensation, it forms clouds. The cvernight
condansation of water WAROr oftan causes dew
to form on blades of grass.

Vaporization The cppesite of condensation is
vaporization, the change in state from a liquid
to a gas. There are two ways that vaporization
occurs, boiling and evaparation.

Evaporation Bailing
Evaporation Boiling
Vaparization that occurs on the surface Vaparization that coours within a liguid
of a liguid is called evaporaticn. is called boiling, Boiling doos nol eeour
Evaporation can accur during boiling until & ligquid is heated to its toiling
and &t lower temperatures. & small point, the point whera 2 subkstance

amourt of mom-temperature water ina - changes from a liguid tz a gas, Cnee

glass, for @xampla, evaparoles inoalew the boiling poinl 2 reached, the

days without ever reaching the boiling continuad addition of energy vaoornizes

point femperature, the liquicl, Bubbles farm within a liguid
as It bolls.

The Eailing point and the condensation point are the same for a given
substance. Whether a liquid iz changing to a gas or & gas is changing o a
liguid, & substanoe will always change phases al the same lemperature,
While a substance is boiling ar condensing, the temperature remains
constant until the phase change is complete.,

40 EXPLORE/EXPLAIN Mocule: Energy and Matter
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Differentiate between kinetic energy and potential energy

textbook, table, 30 42,43
3. Inthe graphic erganizer below, circle the word that best describes what - 5 THREE-DIMENSIONAL THINKING -
5 i | |
. happens as heat is added Eo the solid. W Foreach example:
. 1. Complete the model of the particles.
Temperature of Speed of Distonce between "E : e o )
solid purtic[es 2, Indlcatelhcnw patential energy is changing {increasing or
decrensing).
. iR e iheratsad 3. Inditate_hc-w the attractive forces are changing (increasing or
decreasing).
decteased decreased A Condensing Licuict
L& o F 4
stoged the same stoyed the same stayed the sorme i Sketch of Sketch of
5 Al = d 9% - particles particles in
—_—
e s ® slowing liquid state
Particle Arrangement If energy is continually added to a substance, thers -
na e s ) . _ decreasing down
reaches a point where the particles cannct go any faster without changing Patential Energy — i
to another state of matter. Recall that particles in gaszes are fast moving and increasing
" P — . ; ¥ Attractive Foroes =
spread out from sach other. In liquids, particles are cdosely packed but can
slide past each other. In solids, the particles are closely packed and held in ) o
a rigid formation. The reason each state of matter has different shapes is E Meiting Liguid
because of the particle attractions in each state of matler.
Sketch of Sketch of
Particle Attraction When energy is added and the particles cannot move x . P
any faster in the current state of mattear, the energy s used to overcome the — partldes — partmles n
attraction between particles and causes a change of state, The additional ﬁpeeding up |iquid state
enargy increases the potential energy of the particles. Potential energy is
stored energy due o the interactions between particles or chjects. The
pedential energy increasas as the dislance betwean parlicles incressss,
Conversely, the potential energy decreases as the distance between the ) increasin
particles decreases. The particles that are farther apart have greater Fatential Energy - g
poential energy. The potential energy of the particles, determined by the ) ) decreag,ing
state of matter present, contributes to the total energy of & substance, % Attractive Forces =
£ z c Baoll
Kinetic Energy Potential Energy i z amng
Relates ta particls speed Relates to the distance betweer particlasistrangth : E Sketch of Sketch of
aof atractions between particles _5 Z . . .
Measured by temperature of substance MMeazured by state of matiar % & pa rticles pa rticles in
- - - - - speeding up gas state
Increases as particle spaeds inorease Increases as distance batesan particles incoreasas
Decresses as particle speeds decrease Decreases as dislonce bebwaan parbicles -
[=| ASar . .
sermanes increasing
Increases as lemperalure increases Increases as slate of malter changes from solid 1o Patential Energy =
ligquid to gas Sttt _decreasing
Decreases as temperatune decrcases Cecreases as state of matter changes from gas ta ractive Forees =
ligquid to =olid h _J

42 EXPLORE/EXPLAIM Madule: Enercy and Matter
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Describe and identify the features of heating curve and explain the reason of all the parts of it textbook, figures, 30 44,51

| T
[ IQI Three-Dimensional Thinking
Gas _ ki
B s 5,./'/
Eﬁ = The heating curve for water is shown below,
= /
= .
;. A, n £ ,»f"“_ - Temperature v. Time
3 L / for Heating Water
o Eoiling % - o
S ’ ] {J 125
£ = . - ~ 100 !
gz \ 9 B o A&
=] =1
s [P [l ot 8 50 AL
- 13 L 3 25 5171 1 1
[snilg. A Y | | | E OfW= )
: Welting e
a 4 2 12 L] 20 24
| Time {min)
Amaount of energy added over time —
2. Analyze the heating curve. Which area or argas of the curve show a
Heating Curves The graph abowe is the heating curve for water. Just as in change In'the patantlal ensmy arthe partidacg
the graphs you created, it shows what happens (o temperature os energy is AW
added to a substance. As energy is transterred to a material, temperature B W and ¥
increases when the state of the material is not changing. The kinetic energy
of the particles increases. This Increases the speed of the particles. C XandZ
D Y
When a substance is changing state, temperature stays the same at the
melting and boiling. The potential energy of the particles increases. This
increases the distance between the particles.
fgl% THREE-DIMENSIONAL THINKING ~
e Conslruct an argument on how the exstence of patential energy
Eetween particles supports or opposes the shape of a heating curve, P
Answers may vary. Sample answer: When the state is changing, Z
the energy is becoming potential energy. As temperature is a £ §
& E
measure of the average kinetic energy, the temperature does not : %
change because the average kinetic energy is not changing. : ¥
3. A soientistwas working with substance ¥ Which of the following does not
represent an increase inthermal energy?
L P A The temperature of the substance rose by 10°C.
The wvolume of the substance increased by 10 mL,

B
COLLECT EVIDENCE C  The mass of the substance increased by 10 g.
D

How does the existence of potential energy and the attractions betwesn The substance changed from a liquid into & solid,
particles help explain why gallium exists as different states of mattor? Record
your evidance (B) in tha chart at the bhaginning of the lesson.

EVALUATE Lesson 2 States of Matter 54
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Differentiate between the methods of heat transfers: Radiation, convection, and conduction. & give examples

textbook, figures 61,655

i
E
b
a
=
i
:
3
5
E
E
[+

Conduction Have you sver noticed that when you
place a hot picce of toast on a plate, the plate
becomes warmer? Thermal energy from the toast
transfers to the plate through the process of
conduction. Conduction is the transfer of thermal
enerdgy betwean materials by the cellisions of
particlas, The parlicles in the hot toast are in contacl and 5o collide with the
particles of the plate. This causes the particles in the plate to gain thermal
enerdy. Conduction can ecour betweon salids, liquids, and gasaos.

|

Go o the Foldables® library to make a
Faldatile® that will help you take notes
while reading this lesson.

When particles at different
temperatures collide, the particle with
higher kinetic energy transfers energy
to the particle with lower kinstic
enargy. This changes the motion of
both of the particles. When the energy
of a subslance changes, theare is
always another change in energy at
the same time. For example, if a
particle transfers or leses kinstic
enargy, it will move slower, If a particle
gains kinetic energy. it will mowve faster.

5y THREE-DIMENSIONAL THINKING ™
" Look closely at the mation of the particles modeled in the image above,
Use the energy flow diagram to model the companents of the system
that are transferring enargy. dentify the tyoe of energy involved and
whether the energy increased or decreasead.

Source Object Receiver Object

glass air

Thermal \ ﬁ;rmh

energy | energy |
ﬁreases/ \ncrea sey
L Eneray Erergy !

EXFLORE/EXFLAIN Lessan 3 Thermal Energy Transfers 61
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Radiation Ancther process that transters energy is
radiaticn. Radlation is the transfor of thermal energy from
one material 1o another by electiromagnatic waves, All
mattern, including the Sun, fire, and even you, transfers
thermal energy by radiation. Warm objocts omit mors
radiaticn than cold objects do.

& thermeagram, like the cne shown below and at the
beginning of the lesson, is an image created by a
technalogy thal measures the radiation given off by
chjects. The thermogram below shows hot water pouring
from a teapot into a cup. Ghjects giving off more radiation
are shown inwhite, reds, and yellows, while coolar objects
are shown with blues, purples. and bliack,

'ﬁ THREE-DIMENSIONAL THINKING =

L, -;'I In the thermogram on the right, how do
o

conduction and radiation explain the
energy transfars occurning?

Conduction happened between
the teapot and the table leaving
behind a spot of high thermal
energy when it was picked up.
Radiation is happening on all
objects. )
Whats happering

hare?

-

IR Connection | Thermal energy from the
Sun can only travel to Earth by radiation. This is because
space s a vacuum—a space that contains little or no matter.
Since thers is little matter in space, thermal enargy cannot
transfer by conduction, which requires objects to ke in
contact. Radiation is the methed of thermal encrgy transfer in
space. Howswver, radintion also can transfer thermal energy
through solids such as rocks, liguids like the ocean, and
gascs in the atmosphere.

COLLECT EVIDENCE

Howr doss radistion help explain the direction of thermal energy
transfer between the toast and the envircnment? Record your
evidencea (B) in the chart at the beginning of the lesson.

EXPLOREEXPLAIN Leszon 3 Thermal Enargy Transfers
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Using bar graph Relate Specific heat of different materials to their ability in conducting heat (thermal eonductor, thermal insulator) textbook, graph

Specific Heat The ratio that you found describes the specific heat of a
substance. Specific heat is the amount of thermal energy requirad to
increase the temperature of 1 ko of a material by 1°C . Every material has
a specitic heat. It dees not take much encrgy to change the temperaturs
af a material with a low specific heat compared to a matarial with a high
specilic heal. The chart below lists specific heals of various materials,

Specific Heats of Common Materials

SOAG

HEC

Ao

000

2000

Tgao

Specific Heat {J/{kg-"Cl}

Material

& GO OMLINE for additional
opportunities to explore!

Want 1o know more about how a material affects thormal energy transfors?
Investigate how specific heat determines which materials are used for
kesping ws cool or warm by periorming one of the following activities,

|_| Moadel bowe ey ransierence s OR |_| Argue e ase of bome nsulation
cetermined ov types of materials in atter reeding the Scientific Text

‘e PRET Interactive Simulation fnzulanng the Home,

Energy Forms anid Chongs,

Connection | You may have naticed
that the specific heal of water is particularly high, A large
ameunt of enargy is needead to increase the temperature of
water by 1°C. This characteristic of water has many benefits.
The high speciflic heat of waler is one of the reasons why
poals, lakes, end cceans stay cool in summer. It also means
that arcas of land that are near large lakes ar an cccan
aenerally have more moderate climates. They are coolar in
the summer and warmer in the winter becauses it fskes 2 lot
of energy to change the temperature of the water.

B2 EXPLOREEXPLAIM Moculc: Encrgy and Mattor

,w THREE-DIMENSIONAL THINKING
) ] o 4
5 74 You can bake food in either a metal pan or oven safe glass. Which would

i i

o AT B Tdwanicr Rachis Tobvdcung i ey

Conductars and Insulators Materials are classified into two groups based
an their specific heats: conductors and insulators. A thermal conductor is
a material through which thermal energy flows easily. The particles in a
thermal conductor move easily so kinatic energy is transfarred aasily
hetweaen particles, Melals are better thermal canducters than nonmetals,
A thermal insulator is a material through which thermal energy does not
flow easily. The particles in a thermal insulator do not move as easily so
kinatic energy is not transferred easily between particles,

The handie of the pan in the figure on the right is made out
af wood., Woed s a thermal insulater, The pan s made out
ot iren—a thermsal conducter, Thermal conductors have
lowser specific heats than thermal insulators, This means it
takes less thermal energy 1o increase the temperature of a
thermal conductor than it takes to incrasss the
temperature of a thermal insulator of the same mass.

-k

require more energy to heat up? Which would cool down the fastest?
Explain your reasaoning.

A glass dish would require more energy to heat up because it has

a higher specific heat. The metal pan would cool down the fastest
because it has a low specific heat.

COLLECT EVIDENCE

How does the typo of material in the kitchonware affect
hienes it transfers thermal energy? Record your evidence (B)
ir the chart at the beginning of the lesson,

What other properties affect
thermal energy transfer?

The materials that make vp & piece of matter and the mass of
that matter affoct how much thermal energy transfors.
Kitchemware also comes in many different shapes and colors.
There ara thick cast iron skillets and thin aluminum pans, tall
glasses and shallow bowis, Do these factors affect how much
thermal enargy transfers? Let's investigate!

EXPLORE/EXPLAIN Lessan @ Thermal Enargy Conductivity 83
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Relate Thermal energy and properties of materials, factors and relate it to Albedo

Textbook, figures

86, 161, 163

.

Thermal Energy and Properties of Materials Many ditfferent propertics of
a substance can determine how thermal enargy will transfer, Some
properties include the reflectivity of a substance, the thickness of a
substance, and the expozed surface area.

Reflectivity v. Absorbency

Reflection is when ensargy carriad
by & wave hounces off 2 surface,
Thi oppasila of rallacion is
absoroion, or tha transfer of
aenergy by A wave to a medium
thraug b which i ravels, Tha color
white reflects all radiated light
energy while the calar black
absaras all radiatad light enercey.

Thickness

Tha thickness of 2 substancs can
cletarmine hows thermmal enargy

is rarsterred, Tha Lhickar a
sustance, the larger the distance
the themmal energy has ta travel,
A larger thickross could increasc
howe long a substance tekes o
heat up and also delay how long it
tawes w cool down, Thlckness

rzlabas b Phe rmass of @ substance.

Surface Area

Surface area is the amaourt of

Sxpnd e, outer area af a substanoe,

Increased surlfaco arca Ier g given
wiolume incresses the energy
wanefer betwaen the substance
ang the surraundings. Far cxampis,
= shallow bowd has more surfoce
ared than a deeao bowl. The shallos
bl will ransfer mare thenmal
ernerny be L surraurdings,

Many factors can affect how thermal energy is transferred betweaan
substances,. The amount of energy needed to change the temperature of
a matter sample by a given amount deponds on the type of the matter,
the size of the sample, and tha @nvironmeant,

erniranmeant,

Ea&

THREE-DIMEMSIOMNAL THINKING
W ‘)" Develop an explanation for which student in the
Iimage galns the mast thermal energy from the
The student in the darker colored shirt
would gain more thermal energy from
the environment because darker colors
absorb more energy than light colors.

COLLECT EVIDENCE

Heowr de cther properties of the kitchonware affect how it transfers thermal
enargy? Record vour evidence (C) in the chart at the beginning of the

leg=on,

EXPLOREEXPLAIN Maodule: Encrgy and Matter

coizr Wt Dhrsahicires W Sl

welieaprght, F M ven W
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Compare between thermal energy when changing through different states of matter (released or absorbed)

textbook, figure, 30

119

Lezengtl W Melrew bl Erwaii  Facertrospanocbarsczacsn

Iﬁ' Three-Dimensional Thinking

Jorge wanted to medel two processes that cycle water in the atmosphers
foar & class project, He began by filling a self-sealing plastic bag half-full of
weater. After sealing the bag. he taped it to a sunny window. After a few
haurs, water beaded along the inside of the ag.
2. Which processes are represented by Jorge's mode|?

A transpiration and respiration

B condensation and crystallization
C  rospiration and evapaoration
o]

evaporation and cendensation

Examine the photo bhelow,

3. Which statement hest describes the transfer of energy in the photo above?

A  When water changos state frem a liquid to a selid, thermal cnergy
is absorbed.

B When water changes state from a solid to a liquid, thermal energy
is absorbed.

€ When water changes state from a liguid to a solid, thermal energy
is released.

D When watar changes state from a solid o a liguid, thermal energy
is released.

EWALUATE Lessan 1 Walar in the Atmasphere 118
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Define aguifers and ground water and lable them on digram

Textbook, figure, 3D 131,132

Lo & ol wa HlEdant o

Where is water stored?

You discovered in the Streaming By investigation that gravity acts on
precipitetion, causing water on and below Earth's surface to continuouosiy
flow dowenhill toward the ccean. Although water is constantly maving
threugh the water cycle, most water remains in certain storage areas for
rezlatively long pericds of time. & storage area is called a reseroir,
Reservoirs can be oceans, lakes, glaciers and ice caps, and groundwater,

Water Under Your Feet Generally, wiater that lles below ground (s called
aroundwater, Thers is an immenss amount of water below our feet in
agquifers—areas of permeable sediment or rock that hald significant
amcunts of water, As you observed in Streaming By, water seeps through
s0il and into tiny pores, or spaces, bebween sediment and rock. How do you
think water moves underground?

. THREE-DIMENSIONAL THINKING ),
1. Drow arrows on the figure below to modeal how you think

groundwater might flow,

Leve| of
wiater table

1 g _— o —
Tl ] \
LY ‘}‘:‘.(‘-(1). All openings below the
‘e Wl water tablo are full
3 of groundwater.

2. Read the first paragraph on the fallowing page and revise your
arrows Js neaded,

3. What force causes groundwater to flow?

Gravity causes groundwater to flow downhill.

EXPLORE/EXPLAIM Lesson 2 Water on Earth's Surface 131

Groundwater Flow Groundwater flows from higher elevations
to lower elevations, and utimately to the ocean. In some areas,
aroundwater is very close to the surface and keeps the soil
wet, In other areas, especially deserts and other dry climates,
groundwater is hundreds of meters below the surface.

MEIEEEEF Connection  fases—fadile lands in the deserl—

are usually formed when underground water gets close o the surface,
When this happens, springs tum a normally arid place into an arca
whare plants can thrive, In low-lying areas at Earth's surfacs,
groundwater might eventually seep out of the ground and into a
stream, a lake, or a wetland. In this way, greundwater can become
surface water. Likewise, surface watar can seep Into the around and
become groundwater, This is how groundweter is replenished,

COLLECT EVIDENCE

How doss water become groundwater and where glse is water stored? Record
your evidence (C) in the chart at the beginning of the lessan.

2 GO ONLINE for additional
cpportunitics to explorel

Sl el OIS Connection To learn mare about how humans rely on and affect
weter resources, perform one of the following activities.

: Model the cebavior of graundwater OR : Argue the issus of water diversicn

inthe Lab How does polfution in the STEM Activity Frosiwwator
impoct the waler cyole? Trongportation Debare,

132 EXPLOREEXFLAIN Madule: The Water Cycla

BRI L

Eegniiale & Mol i B L Bbicdlin: i
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Define Coriolis Effect and explain the reson for their occurance

Textbook, figure

181

A vy Sl Pl

L, b=

i

g g, © e Lo S

Rotation of Earth 'Whet do wou think heppens seben vou throw a ball 1o
SOMSONS FCrOEE T Wi or &8 Maying menry-go-round¥ The all a2pears 10
CUrvE ecauss tha person catching thie el fad mireed. Ina smilar ey,
Earth's notation causes moving & and waber o eppear 1o curve e nght
in the Hartmenm Hemisphan and 10 the &t in the Southam Haniephars, &
phanzmenan <nown as thie Carlolls efteact. &5 you [ust Irsastgassd, e
Coriolis affect describes hoee objects and fuic matter, like gir and sater,
Mo N an apgaant cucsad palh rather har a straight line. Wis tee Cariclis
aHecd thad pradecas the curdng patharns ot ciroolading wired,

Haw dioes the Coriolis effect
defiect air {ond water] on
Eq-th's surface”

1. ais heingcarfac] St S 3 = 2. Tharahars, &= alr
mround Earh by mizwes lowenrs 1he
rodaticn. The e ilis relalng
sitace has a faster joaand the
graaier welacity cast than the land
rrearn e eiuelor rer waliie il
than &7 the pales mgves, i appears
becausa it has ba from: iha suface ta
Lrarys] & qqreale be cleflesbad o L
distence in eask
24 hpurs.

2. The ooposits Qccurs &5 alr mowess tosssnd e squsabar and
crcourcrs areas with a fastar surface wzlozity. The air
gppeans G lag Behing, dellecing o the waestas il aere
Baireg et hiehind by Barth's reqation,

Eftact aof Landmassas [he Darklis s2hect B not
the only factor that influences the motion af wind.
Landmasses ez affect tha spead and direction
ab wiried spstems. Bar e=ample sha westedlies n
the Sputherm Hemisphens are locally woery strang
brecausa Lhis sysbent 2 moslly oear he sdans
and has tee contingnts o disrupt sha vired,

aoditaralty, when wird meats a large teatung,
such as a moursain, 1 s sofacied, or foncen,
upward, &= showe in the phots o e righl.

ENPLOREENALAIM Lasran 3 Almaepber k. ared Qeascis Cicalsbee 189
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Explain how density current oocurs

textbook, figure, 30

184

Iﬁ' THREE-DIMENSIOMAL THINKING

Density Currents In the previous activity yvou discovered that high salinity
and cold temperatures cause water to become more dense. Like air, water
that Is mare dense sinks, This helps create curents of water desp In the
ocean as water flows from areas of high density to areas of low density, 4
density current is the vertical movement of water caused by differences
in density.

" Ewamine the diagram modeling the formation of a density
current below.

1. Complele the sentences on the image.

Surface

T

Sealloe

2. With a partner, identify the camponents of this system.
Components include the atmosphere, water, salt, continents,

thermal energy, and ice.

3. Basad onwhat vou know about density currents, whera do you think
they Torm?

Sample answer: Density currents likely form in polar areas where
cold, dense salt water sinks toward the seafloor.

184  ExPLOREEXPLAIN Mocule: Weathar and Climate

[EIEA T RPN Y] YR




illustrate why acean currents flow in certain direction, and recognaise the global pattern that they form textbook, figures, investigation, 30 189, 190

Influencing Factors As you just modelad in the Tows Ahoy lab, landmasses "i ?ﬁ T
deflect the flow of cocean currents. They help create large chicular systems of hat g10bal pattem dD ocednl
coean currents called gyres. s shown on the map below, the currents Currents form';'

within each gyre maowe in the same direction. Howsever if you look closely,

wou can sea that the direction of current movement in a gyre is different in Aside from gyres, there is ancther large system of acean currents

each hemisphere, that circuliate thermal enargy arcund Earth, Let's take a lock,
i % THREE-DIMENSIONAL THINKING ~
e Analyze the map of gyres below, Then answer the questions that follow. (0 INVESTIGATION
Cold = : The Great Ocean Conveyor Belt

. AT —

o GO ONLINE to watch the animation Greot Qoean Conveyor Balt.
Whiat is the Great Ocean Conveyor Belt and what does it affect?

The Great Ocean Conveyor Belt is a model that explains how ocean
currents circulate thermal energy around Earth affecting weather and

T I N N N S [ S e climate.
—3330 o L] L 20 2n a0 a5 40
Crean surfree: fesnporatuare (30)
1. Inwhat direction do gyres flow in the Marthem Hemispheare? What about
in the Southerm Hemisphera? Why da you think this patiern oocurs?

Gyres in the Northern Hemisphere circle clockwise and gyres in

Global Canvayer Belt Surface currents, upwelling, and density currents
combineg to form the Graat Qoaan Convayer Balt, shown below. Variations
intempearature and salinity drive this global pattern of intercannected

the Southern Hemisphere circle counterclackwise,. This pattern is BORAN: CLFERL,
the result of the Coriolis effect.

High salinty water Deep water returms to the surface
Guals PRskks . ‘hiough the proeess o upweling,

2. Why are the major warm-water currents on the western boundaries of
oceans and the major cold water currents an the castern boundaries
of oceans? What explains this pattern?

Because of the Coriolis effect, water flowing from the equator

3
e
=
I

v

toward the poles are on the western boundaries of oceans, and
water flowing from polar regions toward the equator are on the
eastern boundaries of oceans.

3. What energy ultimately drives convection in the cceans?
Solar energy drives convection in the cceans.

_ Wiarm shallow current

" | —= | Ccld and deep, high salinity current

EXPLORE/EXPLAIMN Losson 2 Atrnaspheric and Ooeanic Cirealation 189 190  EXPLOREEXPLAIN Madule: Weather and Climate
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Compare between different types of fronts (air mass collision)

textbook, figures, table

213

HTTRICH

Com H

Wkl B i

Fronts You just lcarncd abeut what happens at warm and cald fronts and
the resulting weathar. Two other types of frants, stationary and occluded,
are also common. Let's examine each type ot frant in the table below,

Type of Front Diagram

Cold

Aocold front forms when o celder air mass moves
tovweard a warmer air mass. The cold, densear air
pushes undemeath the wanm, less dense air
midss, T warm air rises and cools, Waler vapor
im the air candenses and clouds form.

Warm

Aowarm front ferms when less dense, warmer air
mioves Woward colder, denser air. The warm air
rizes as it glides above the cold &ir mass. The
water vaper in the air condanses, creating a
wide blanket of clauds,

Stationary

Sopmetimes an approaching front will stall for
several days with warm air on one side of it and
cold air o the other side. When the boundeary
betvwsan bwo air masses stalls, @ staticnary front
forms. Cloudy skiss and light rain are found
aleng staticnary fronts,

Cald ar

Oeecluded

Celd fronts maove faster than warm frents, When
alasl-moaving cold frenl catehes up with a
slowe-maving warm frant, an cocluded front
forms, Qccluded frents usually bring
precipitation.

Weather Associations Weather Is often associated with pressure systams.
Because air maves from high pressure to low pressure, the air inside the
high-pressure system moves away from the center. Warm, dense air sinks.
Eringing clear skies and fair weather, In a low-pressure system, the air rises
causing water vapor to condense, Lel's investigate further!

EXPLOREEXPFLAIN Lesson 2 Weather Patterns

213




Paper Part &Jlio dlw

Paper part - Alab Ahubh

Determine the relationships among the energy transferred, the type of matter, the mass, and the change in the average kinetic energy of the particles

Textbook, figures

17,21
a5 measuied by the temperature of the sample.
Compare between the differant three states of matter and the processes that change between them Textbook, figure, inveligation 44, 45
Explain how thermal energy transier, and compane between closed and open systems, and asaign source and recsived objects Textbook, enargy Mow diagrams, lab 59, 60, 61,63
Deseribe the relationship between thermal enengy transher and meass, represent this relationship in diagram |draw it) teatbaak, figures, 30 7B

1. Assign all the processes that is involved in the water cycle on a digrarm 2. [abel the global wind system, the canvedtion cell and lines of latitude

textbook, figures, investigations

111,112, 116 & 153, 177, 178




Determine the relationships among the energy transferred, the type of matter, the mass, and the change in the average kinetic energy of the particles

as measured by the temperature of the sample.

Textbook, figures 17,21

Pl Fd Enmaien

LamhtlE

Energy and Volume &s the temperature of a matenal increases, its particles
mowve faster. They collide with each ather more often and push each cther
farther apart, The increase in volume of a material when particle motion
increases is known as thermal expansion. The opposite can also ocour, A
substance can losa kinetic energy and the particles will move slower. A5 they
move slower, they collide with each cther less often, which causes the
substance to take up less space. This is known as thermal contraction.
Thermal contraction happens when particle motion decreases and causes
the particles o cooupy less volumes,

. THREE-DIMEMSIOMNAL THINKING
S+ On the rght, skelch a diagram Lo model whal the parlicles on the el
would look like if they went through thermal expansion. Circle the

maoclel that has more kinetic energy.

- E]

Students should draw the particles the
.. . same size but more spread out with
more motion lines to indicate a higher

should circle the model on the right.

L

:.. temperature and a larger volume. Students

Energy and Temperature The property of thermal expansion and
contraction can lxe used to measure temperature. Temperature is the
measure of the average kinetic enargy of the particles in a material. The
temperature of a substance depends on how mech kinstic energy the
particles that make up the material have, The lower the kinetic energy of the
particles, the lowser the temperature of the substance. One way to measure
the relative amount of kinetic ensrgy or speed of the particies s by
measuring how much the substance expands or contracts.

23 GO ONLINE for additional

opportunities to explors!

FConnection | Investiate how thermometers use
thermal contraction and thermal expansion to measure temperature,

OR [ ]| Develop a medel of a liquid
thermomatar using your own
temperature scale in the Lab Boilo
Your Swnr Thermometorn

|:| Ask questions o learn more about
the histery of thermometars after
wistching the Animation How does
o gioss boll thermometer work?s

EXPLORE/EXPLAIN Letsan 1 Particlaes in Motion

7

Pl ki Epbatian

LezpAgtt

Salid Particles The particles in a solid do not have the same
freedom to move around like liquid and gas particles. In a
solid, the particles vibrate back and farth in place. Sinca solid
particles only vilbrate, they have low amounts of kinatic
energy. Expansion and contraction in solids does occur,
However, it is less neticeable because the particles are
halding each other in place.

COLLECT EVIDENCE
How could models of the particles in the wood and metal

blocks show why one folt calder than the other? Record wour

evidance () in the charl al the beginning of the lesson.

How does the total amount of a
substance affect its energy?

Yo have leamed that particles have kinetic ensrgy due to motion, Kinelic
energy can be measured by comparing temperatures of substances. Kinetic
anergy is just cne part of the total energy that a substance contains. 0 this
lab you will add different amounts of water st different lemperatures 1o the
same amoaunt of room temperature weater, Howe do you think this will affect
the kinetic encrgy of the water? Let's see what happaons.

A

In Hot Water

sarery [ 1Y K £ -
Materials -
beakers (4) =
=
roci temparature water
30T watler
S0°C water =
thermometers [2) f__’“‘
graduated cylinder - |
===
balance [._-_r:
stopwiatch ——

EXPLOREEXPLAIN Lesscn 1 Parlicies in Molion

21




Compare between the different three states of matter and the processes that change between them Textbook, figure, invetigation 44, 45

| - [
| How do the melting and boiling
Gas _ « A )
& o points of different substances
L=
i P
£ o compare?
13 : el
E L / ' You know that ice melts at 0°C and liquid water boils at 100°C. Based on
i Bolling | % ’ - whal you have learmaed so far, think sboul whal you might expect the melting
£ E \.’ - point of gallium to be.
=
=
"
-= INVESTIGATION
Turn Up the Heat
S ——— A group of students collected data using a similar procedure as the lab
Fhase Changes, They tested 100 mL of three different substances. The plot
below was compiled from their data.
Heating Curves Tho graph abowe is the heating curve for water. Just as in )
the graphs you created, it shows what happens to temperature as enargy s - Heating Curve
added to a substance. As energy is transterred to a material, temperature | -
. i . . - — Sulace /£|
increases when the state of the material is not changing. The kinetic energy 120 — — Sussiwce b —
of the particles increases. This incraases the spead of the particles. | = fumtsesC e I
When a substance is changing state, temperature stays the same at the o 7 ;"']:: l
melting and bolling. The potential encrgy of the particles increases. This “E" 4 s |
increases the distance betwean the particles. 2 ol |
] T /i [
p— E -a7 ,l"j’
i ] THREE-DIMEMSIOMAL THINKING > e V'
weed Conslruct an argument on how the exislence of potential energy -8D ={
Eetwesn particles supports or opposes the shape of a heating curve, —i30 il
Answers may vary. Sample answer: When the state is changing, i £ - -~ |
the energy is becoming potential energy. As temperature is a £ z s
- H
measure of the average kinetic energy, the temperature does not H E
9 )4 R z 2 1. What patterns do you notice about the zlot?
= n . n =
change because the average kinetic energy is not changing. £ 5 Answers may vary. Sample answer: All the substances change
state in the same way or at the same rate. Each substance
. J stays a single temperature as it changes state.
COLLECT EVIDENCE
How does the existence of potential ensrgy and the attractions between
particles help explain why gallium exists as different states of matwer? Record
your evidence (B) in the chart at the beginning of the lesson.
44 EXPLORE/EXPLAIN Module: Emergy anc Matter EXPLORE/EXPLAIN Lessan 2 States of Matter 45




Compare between the different three states of matter and the processes that change between them

Textbook, figure, invetigation

44,45

2. Complete the table below using the data plot.

Substance Melting Paint (*C) Baoiling Point (°C)
A 0°C _ 100°C
B —-90°C | 85°C
C —=95°C [ BEE

3. Make a claim about the melting and boiling points of different substances
supported by evidence and reasoning.

Answers may vary. Sample answer: Different substances have
different melting and boiling pecints. The particles of different
substances hold together and separate at different temperatures.

4. Atwhich temperatures are the potential energies of substances &, B, and C
chinging?

For substance A, the potential energy changes at 0°C and
100°C. For substance B, it changes at —-90°C and 85°C. For
substance C, the potential energy changes at —=95°C and 55°C.

Particles and Melting Points Each substance has
a unigue melting and boiling point temperature,
This is bocause the particles that make up cach
substance have different attractions for each
other, The maore attracted these particles are to
cach other, the mare energy it takes to increase
the distance between particlas. This results in
higher melting and bailing points. The type of
particles that make up a substance affect how
much energy is needed to cause a change of

state. This is whry different substances are
E Y & Water, butter, and a.'umzmy4

B Crome Fd T

Cogriiyla £ W v B Fobicealin

in different states at the same temperature. change state at different

temperaiures.
COLLECT EVIDENCE
Why does gallium change from a solid to a liquid at a different temperature
than ice changes to lguid water? Record your evidence (C) in the chart at
the beginning of the lesson,

A6  EXFLOREEXPLAIN Moduie: Energy ancd Mattar




rmicrowave. [nraality, there are na closed systems, The
microwave is attached to an electrical outiet. Every
physical system transfers some enengy toor from its
environment, An open system is & syslem thal exchanges
matter or epergy with the environment.

The vegetables and microwave
represent a systen.

Ohjects make v the components of a system. Energy flows between the
chiscts, The object that provides the eneray for energy transfer is called the
source object. The object that gains the energy from the energy transfer is
called the receiver abject.

EXPLORE‘EXPLAIN Lasson 3 Thermal Energy Transfers B9

allewing some of its energy to be transferred to a
subslance of a lower temperature. For example, liquid
water transfers energy to the surrounding air in a freezer

in order to frocze.

L

. , THREE-DIMENSIONAL THINKING

Explain how thermal energy transfer, and compare between closed and open systems, and assign source and received objects Texthook, energy flow diagrams, lab 58, 60, 61,63
Data and Observations ; , THREE-DIMENSIONAL THINKING e
' Use the energy flow diagram te meadel the components of the system
Titme (min) Temp. of Water in Tamp. of Water [n Temp. of Alr ("C) found in the Lab Transferning Temperoluce, ldentify the type of energy
large beaker {("C) smiall beaker (*C) involved and whether the energy increased or decreased,
a
Source Objact Receiver Object
i
i Water (small Water (large
' s beaker) beaker)
4
5
Analyze and Conclude
8. ldentify any patterns in the data.
Patterns could include: the temperature of the water in the large
: ; Thermal Thermal
beaker increased every minute, in the small beaker temperature
; : energy energy
decreased every minute, and the air temperature was constant. )
decreases Increases
9. Why was it important ta measure the temperature of the water in both Energy Energy
beakers gnd the zirin the classroom throughoet the lab?
! 5 To see if the beakers gained thermal energy from the air inside the % 4
&
i roam. If they did, the air in the room would have gotten colder, 4
; ,ﬁ . Direction of Thermal Energy Transfer All substances contain =
ﬁ_ ’ thermal energy. When twoe substances contain different 2
E' = ameounts of thermal energy, energy can transfer between the i
H Systems and Energy The two beakers from the Lab substances, The amount of thormal encrgy transferred from a ‘
i Tronsfording Temperature represent a system. Systems are region of higher temparalure te a region of lower tlempearature whers did the :
£ used to madal the movement of energy. A closed system is heat. Heat aa EIS‘_} refer to the amount of energy F’:Ecll: go? #
é_: is & system that doss not exchange matter or ensrgy with transferred during this process. 5
g hegheranmeant some stuations pon.Befibught of o5 It is not possible to make something celder by adding ]
5 closed systems, such as thermal energy transfers inside a “coldness” o it A substance can only be cooled by 5

In the figure above, the water in the ice cube tray is 10°C. tis placed
in the freezer at 0°C. Add arrows to the figure to madel the directicn

of energy transfer.

&0

EXPLORE/EXPLAIN Mociule: Energy ancl Matter
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Explain how thermal energy transfer, and compare between closed and open systems, and assign source and received objects Texthook, energy flow diagrams, lab 58, 60, 61,63
7. Complete the energy fllow dingram to identify the components af the
Conduction Have you ever noticed that when you i apen system, the type of energy involved, and whether the energy
place a hot piece of toast on a plate, the plate OLDA.LEj Rt leese i B increased or decreased.
. ) o to the Foldables® lkrary to make a
becomes warmer? Thermal enengy from the toast ¥ Beceiver Objects Eneray

Faldable® that will help you take notes

transfers to the plate through the process of
while reading this lesson.

conduction. Gonduction is the transfer of thermal

energy between materials by the collisions af

particles. The particles in the hot toast are in cantact and so collide with the
particles of the plate. This causes the particles in the plate o gain thermal
energy. Conduction can cccur betweon salids, liquids, and gases.

When particles at different
temperatures collide, the particle with
higher kinetic energy transfers energy
to the particle with lower kinstic
enargy. This changes the motion of
both of the particles. When the energy
of @ substance changes, thare is
always anothar change in energy at
the same time. For example. if a
particle transfers or leoses kinstic
energy, it will move slower, It a particle
gains kinetic energy. it will mowve faster.

, THREE-DIMEMSIOMAL THIMKING

R ¥ Look closely at the motion of the particles modelsd in the image above,

Use the energy flow diagram to model the components of the system
that are transfaring energy. ldentify the type of encrgy involved and
whether the energy increased or decreased.

Sodrce Object Receiver Object

glass air

Thermal Thermal

energy energy

decreases increases

Energy Ehergy

!

EXPLORE/EXPLAIMN Lessan 3 Thermmal Enargy Transfers

&1

Coprrwh ) Welun Kl Edisaion “uad SonzbenlPele L age otk e

Water (large Thermal

Source Object beaker) energy
Water (small increase
beaker) .

Airin room Thermal

energy

Thermal increases

energy

Energy

Thermal Equilibrium When the termperatures of materials that are in contact
are the same, the materials are said te be in thermal equilibrium. After the
materials reach thermal equilibrivm, the particles that make up the water,
the beaker, and the air continue to collide with each other. The particles
transfer kinetic energy hack and forth. but the average kinstic energy of all
the particles remains the same.

COLLECT EVIDENCE

Howy does identifying the components in 8 system help explain the dirgction
of thermal cnergy transfor between the toast and the envircnment? Record
yaur evidence [A) in the chart at the baginning of the lesson.

How does thermal energy
transfer when objects are
not in contact?

How does a toaster heat the toast? If you have ever
taken & look at the inside of a toaster you might have
naticed that the heating coils never touch the bread. If
the cails do not come into contact with the toast, then
the tosst cannol be heated by conduction, How else
can thermal energy be transferred?
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Describe the relationship between thermal energy transfer and mass, represent this relationship in diagram (draw it)

textbook, figures, 3D
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Analyze and Conclude, continued
M. Describe the relaticnship between the twa variables.
As mass increases, the temperature change decreases.

Thermal Energy Transfers and Mass Recall that mass is one of the factars
that determines the amount af thermal energy in a substance. It takes
mare energy from the surroundings to increase the kinetic energy of the
particles if there are more particles. As mass increases, the change in
temperature will decrease for the same enargy input. This is an inversely
prapartional relationship, lIdentifying propartional relationships provides
information about different properties. Far instance, knowing that change
in temperature v. mass is an invarsely proportional relationship wauld
help answer a prablem on whether iUs Taster 1o heal up a small pal of
water ar a large pot ot water.

Directly Proportional Inversely Proportional
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A THREE-DIMENSIONAL THINKING
"s'\# Y Sketch a particle medel to explain the relationship ketween change

in temperature and mass,
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Maodels should show that the greater the mass of the substance
the more thermal energy is needed to increase its temperature.

COLLECT EVIDENCE

Honw cdoes the mass of 8 material in the kitchenware affect how it transfers
thermal energy? Record your evidence {A) in the chart at the baginning of
the lesson.
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1. Assign all the processes that is involved in the water cycle on a digram 2. label the global wind system, the convection cell and lines of latitude

textbook, figures, investigations

111, 112, 116 & 153, 177,178

EEFEETNEEEETSESP Connection’ Water dees not actually disappear
from a puddle or a cleud, It evaporates, Evaperation is the process by which
a liquid. such as water, changes into a gas. When the Sun shines on a body
of water, water near the surface absorbs thermal enargy and becomeas
warmer, As 8 molecule of water absorbs energy, it beging to vibrate faster,
When it has enough energy, it breaks away from other water molecules. It
rises into the atmosphere as a particle of gas called water vapor. Like other
geses in the atmosphers, water vapor is invisibie.

A%, THREE-DIMENSIONAL THINKING
e Onthe figure below, model the process that changes liquid water

to water vapor. Label the transfer of energy that takes place during

this process.

Students should diagram liquid P
water evaporating and becoming

- water vapor, Thermal energy from

the Sun is absorbed during this

i process.
e How daes energy from the Sun drive the cycling of matter?
i Thermal energy from the Sun causes liquid water on or near Earth’s
s surface to evaporate and become water vapor.

COLLECT EVIDENCE
Wiy do clouds end other bodies of water “disappear?” Record your
evidence (&) in the chart at the beginning of the lesson.
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How else can water enter the
atmosphere?

In the lnfo Thir Al lab, you learned that energy from the Sun drives
avaparation on Earth's surface. Oceans held most of BEarth’s water, so they
are major seurces of water vapor, But, water also evaporates from landforms
such as rivers and lakes, or even puddles and soil. These sources, alang
with oceans, account for 20 percent of the waler thatl enters the
atmosphere. Where might the remaining 10 percent come from?

[NIFFT-T o Connection

Flants and animals also cantribute to the
cycling of water on Earth, Al living
crganisms rely on freshwater. In maost
plants, water travels from Lhe rools up
throwgh the stems and into the leaves.
When zlants hawve an abundant water
supply or experieance increasing air
temperatures, they release water vapor
irta the atmosphere. This usuelly ocours
thraugh the leaves. The pracass by which
plants release watar vapor into the
atmosphere is called transpiration.

Some walar vapor slso comes lram
arganisms through cellular respiration.
Dwring this procoss, food moleculos arc
broken down and carban dioxide and
water are released as wasie, When
animals, such as this deer, reathe cut,
they release this carbon dioxide and water
vapar from their lungs into the
atmosphere. Plants also release water, as
well as cxygen, through openings in their
leaves,

Water is also stored in the tissues of plants
and animals. This water is released back to
the envirenment whean organisms dis

and decompose.

COLLECT EVIDENCE

How else does water enter the atmosphere? Record your evidence (B] in the
chart at the beginning of the lesson.
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1. Assign all the processes that is involved in the water cycle on a digram 2. label the global wind system, the convection cell and lines of latitude

textbook, figures, investigations 111,112, 116 & 153,177,178

EEEE ST Conneaction| In the Ouf af Thin Air lab, yeu
discoversd that water vapor becomes liquid water as it cools, When you
cxhale outside on a cold winter day, vou can see the water vapor in your
breath cendense inte a foggy cleud in front of your face. This alse happens
wehen warm air containing water vapaor cools as it fses in the atmaosphere,
Temperatures in the atmosphere near Earth decrease with increasing
altitude. So, as water vapor rises through the atmosphere, it becomes cooler.
Everntually it lnses enough thermal energy tat it retums to the liguid state,

The process by which a gas changes to & liguid is condensation. Wator
vapor condenses an small particles in the air and farms droplets. Someatimes
the water droplets in the stmosphere lose so much thermal energy that tiny
ice crystals form. The process by which a liguid turns inte a crystalline solid
is called erystallization. Recall that energy is absorbed during evaporation.
When water changes slate from a gas to a liquid, or fram a liguid to a salid,
energy is released.

When these small particles are surrounded by thousands of other droplats
or ice crystals, they block and retlect light, This makes them visible as
clouds or feg.

.ﬁ.l THREE-DIMEMSIOMAL THINKING
ks

. J;r' Cn the figure below, model the process that changes water vapor
ter liguicd water, Label the transfer of energy that takes place during
this process,

Students should diagram water
vapor condensing into liquid water.
Thermal energy is released during

__ﬂ.'l_iS_ Process,

L2

COLLECT EVIDENCE

Haows do clouds form? Record yvour evidence () in the chart at the beginning
of the lessan.
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Analyze and Conclude

8. Make a claim about how the shape of Earth aftects incoming solar
radiation.

Sample answer: Earth’s spherical shape causes an unegual

distribution of sunlight on Earth's surface.

9. What evidence from the investigation supports your claim?
The light is more spread out near the balloon's top and bottom. The

balloon is slanted relative to the flashlight beam near the top and the
bottom. The light is more directed at the balloon's center.

10, Use your meodel to explain why Earth is warmer near the eqguator and
calder near the poles.

Solar energy is more concentrated at Earth’s equator and more
spread out at Earth’s poles because different parts of Earth’'s

surface are curved relative to light from the Sun.

Solar Energy Distribution The angle of
inceming sunlight depends largely an latitude.
Latitude i the distance in degrees north or
south of the equator, In latitudes near the IO
equator—an arga referred to as the tropics—
sunlight strikes Earth's surface at a nearly 90°
angle year—round, fs a result, thers is more
sunlight per unit of surface area and the tropics
are warmer than other areas on Earth. At
latitudes near the Morth Pols and the South 30 305
Pole, sunlight strikes Earth’s surface at a low
angle. Sunlight is now spread over a larger
surface aren than in the tropics. A5 a resull, the
poles receive very little ensrgy per unit of
surface area and are coaler.

OF Equatar

Lines aof latitude are parallel circles.
The equateor is the largest circle.

COLLECT EVIDENCE

Would the temperatures of the containers in the opening activity vary
depanding on where thay were placed on Earth? Record your svidence (B)
in the chart at the beginning of the lesson.
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1. Assign all the processes that is involved in the water cycle on a digram 2. label the global wind system, the convection cell and lines of latitude

textbook, figures, investigations 111,112

, 116 & 153,177,178

What patterns do global winds form?

A3 Connection' Recall thal conduction accurs where
the atmosphere contacts Earth. &5 molecules of air close to Earth's surtace
are heated by conduction, they spread apart, and air becomes less dense.
Lezs dense air rises, transfarring thermal energy o higher altitudes, The
transfer of thermal energy by the movement of particles within matter is
called convection.

Earth has several large convection cells that redistribute thermal energy
arcund the world, Let's take a8 lock at global convection in Earth's
atmosphenc.

INVESTIGATION

Rise and Fall, then Repeat

1. Study the diagram. Motice the direction of air flow in
each convection cell, What general patlernms can you
identify?

Students should notice that air rises and

sinks in predictable patterns.

2. Using your knowledge of conduction and corwvection,
color the arrows of the cells red for warm or blue for coal.
Some have already besn colored in for you,

s Bl Bt

3. Why do you think air rises and sinks in global convection cells?

Warm air rises and flows north and south, away from the

T T AT

equator. Air at the surface flows toward the equator to replace
the air that rises. This flow of warm air is balanced by the flow

of cold air from the poles toward the equator.

EXPLORE/EXPLAIMN Lessan 2 Atrmospharic and Oceanic Circulation
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Global Winds Global convection cells help genarate the three basic wind
systems at Earth's surface in 2ach hemisphere. In the following activity, you
will explore the trade winds, wasterlies, and polar asterlies,

INVESTIGATION

It's a Blowin’

1. Label the imags with the glabal wind systems based on the descripticns
Dzl

P0|Elr easte rlieS - Thc polar easterlies arc

i —— cald winds that blow from
east to west near the Narth
Pole and the Scuth Pole.
Polar casterlies begin as
danse palar air that sinks.

- The prevailing westerlies
are steady winds that flow
from west to east betwsen
latitudes 30°M and 60°M,
and 30°5 and G0*S.

- The trade winds are steady
winds that flow from castto
wesl belween 30°N latitude
and 30"5 latitude,

Polar easterlies

2. Inwhich direction do you think weather generally moves
across the United States? Why?

Maost of the continental
United States falls in the
westerlies wind belt. The
westerlies flow from west

Can you tell whish

direction the wing
/ Lupicaily blows hapgp

to east causing weather
patterns to typically move
west to east.
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