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Q1 page 17813
Energy and volume

Thermal expansion : )l 3143l increase in volume of material when particles motion
increase .( move faster)

Thermal contraction : a1l GAlsN! when substance to take up less space ( particles move
slower)

Materials expand or contract when subjected to changes in temperature. Most materials
expand when they are heated, and contract when they are cooled.

Thermal Expansion of Liquid

Thermal Expansion of Gas

No. Example

Q%Em Investigate how thermometers use

thermal contraction and thermal expansion 1o measure temperature.

When measuring hot objects, the mercury in the

bulb expands and rises in the tube. When measuring
cold objects, the mercury contracts and falls

Absolute zero, or 0 K, corresponds to the point at which molecular energy is at a minimum.
The Kelvin scale is preferred in scientific work . Temperatures measured on the Kelvin as K,
not °K.
CAIS (ubiag ¢ W'Mo‘o@@ﬁ_ﬁ\h@i&&wJoﬁwﬁ@M‘ﬁ é“ﬂf-“ Sall
LA 3 R Ol gy dath CAISIL (ol | Agalad) L) ST padian

. Fahrenheit, °F Celsius, °C Kelvin, K
Thermal contraction AT RIS Gy
b Bolling point 11 212°F <) 100°C -1373.15K
of water 1 q 4
. . d .
Kinetic energy and Temperature : ] 3 i
= ¢ 180 Fahrenheit < 1100 Celsius = 1100 kelvins

Temperature is measures the average kinetic energy of the particles in a material .

The lower the kinetic energy =the lower of temperature = substance will contracts
The higher the kinetic energy ==p the higher of temperature == substance will expand 1
Lloa Lgdlali) ) QI g5 L0 pa g Lgie pan B sy Sl 6 jal) ABUY B 1)
Loos Wasad ) b asns o)) pa s Lo e ) 3 iyl A58 o) AUl <o 5 130

= | degrees - | degrees

Freezing point 0°C o’ 273.15K

of water
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Three different scales are commonly used to measure temperature:
Fahrenheit (°F), Celsius (°C), and Kelvin (K). : (& 4530 51 all 4 )3 ulla
The Celsius scale (°C) is used for common temperature measurements in most of the world.

its zero point 0 °C being defined as the freezing point of water, and 100 °C as the boiling
point of water .

A9 42,3100 35 gy slall daai L33 A g shka Do) (a haw s Al g Ylaria) JSY) Qe
L elall ol da )

How could models of the particles in the wood and metal
blocks show why one felt colder than the other?

l COLLECT EVIDENCE

Why do some materials feel colder than others ?

When particles are closer together , kinetic energy and
speed of particles will decrease , then temperature
decrease . il a cilbg A8 jal) gl ol iy o) dludad 31 13)
By gl add




What evidence is there that particles in a solid move ?

Solid particles : the particles in solid do not have the same freedom to move around like
liquid and gas particles . in solid the particles vibrate back and forth in place . they have low
amounts of kinetic energy . expansion and contraction in solids does occur . it is less
noticeable because the particles are holding each other in place .
o Lkl Ulad dadd 355 b 4305 ALLLY) 3 gal) Ciliaia Jha A jadl bl aiad ¥ dulial) Balad) @li o
L gag JBAd) | S g a0l Ll Gaaag oS A g ABUs Gl g UL g lgHlsa

Energy and Mass :

temperature:

has more of energy .

Two substances have the same average kinetic energy be being at the same temperature .
when one substance has more particles ( more mass ) ,so this substance has more energy .

When Baseball and rubber ball have same

Rubber ball has less mass so it has less energy .

Baseball has more mass ( more particles ) so it

Q3 page 74 & 83

three images of particles.

particles on the right.

Examine the model below. The particles are undergoing a change in energy.

4. Which statement best describes what is taking place in the images?

A The kinetic energy of the particles on the right is the greatest of the
-The particles in the middle have more kinetic energy than the

C The particles in the middle have less space between them than the
particles on the left, which means they have more kinetic energy.

D Energy was added to the particles on the left to give them more
energy than the particles in the middle.

EXPLAL

. A

N1 .t
IVILLL

LN

Kitchenware is made of many different types of materials. Have
you ever thought about how those different materials transfer
thermal energy? Use your ideas about kitchenware to make a
claim about what affects how a material transfers thermal
energy.

Some kitchenware made of wood so we can touch and catch
without feeling heat > and some kitchenware made of metal it can
transfer heat so we can cook

Conductors and Insulators : 43l 3) gall g Al gal) ) gall

4’ THREE-DIMENSIONAL THINKING

|

| 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

Materials that are good conductors
of thermal energy( flow easily ) are
called thermal conductors. Metals
are very good thermal conductors.

Materials that are poor conductors
of thermal energy ( does not flow
easily) are called thermal

Thermal conductors

Ops

Aluminum

Thermal insulators

insulators. Gases such as air and materials such as plastic and wood are thermal

insulators.

" You can bake food in either a metal pan or oven safe glass. Which would
require more energy o heat up? Which would cool down the fastest?

Explain your reasoning

because it has a low specific heat.




1. Mass

Mass means how many particles make up
the substance/object.

Large mass = needs more thermal energy

Smaller mass = needs less thermal energy

Mass and thermal energy

are directly proportional

Direct proportion

mass and temperature
change are

inve oportional
nely pr % Inverse proportion

2. Properties of Matter
1. Reflectivity

e Black objects absorb thermal energy
* White objects reflect thermal energy

2. Thin or Thick

¢ Thin objects heat up fast
« Thick objects heat up slower

3. Surface Area

« |fanobject has a lot of space to cover it
with need more thermal energy.

transfer

transfer

Conductors: allow lots of thermal energy to

Insulators: allow little thermal energy to

Q4 page 26 & 29

Summarize It!

1. Relate kinetic enecgy 1o the speed of particies

No speed — no
Greater mass = ———————————a- greater
Greater speed —e greater

kiretic energy
kinetic enercy
kiretic energy

Model cach statoment abowve. Model the first statoment as solid particies,
e second statement as iquid particies, and the last statement as gas

panticles.

Evaporating

OO

Liguid

OO0 O
S <
OQC%):) .
a@oo:oo

=

ey ea——

S
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Gas

O

Freeczing

o gl

o M 4 |

U
sing

3. Type of Material
All materials can transfer thermal energy.

But the rates will depend of the Specific
Heat.

Specific Heat:

How long it takes an object to heat up
and to cool down.

Scientific definition:

The quantity of heat required to raise the
temperature of one gram of a substance
by one Celsius degree

High S.H: needs lots of energy to heat up

Low S.H: needs less energy to heat up.

Spaciic Meaty of Common Materialy

V7 i i

R

What's the Difference?

Five friends were talking about the differences among solids, liquids)
gases. They each agreed that the differences have 10 do with the pa
In each type of matter. However, they disagreed about which differey
determine whether the matter is a solid, liquid, or gas. This is what tH

Gwyneth: | think it has to do with the number of particles,
George: | think it has to do with the shape of the particles

Hoda: | think it has to do with the size of the particles.
Eﬂo: | think it hos to do with the movement of the Erbclos,

W SCIENCE

"PROBES

poladl oY l> wlSss
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as> 4o J 8 45>
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William: | think it has to do with how hard or soft the particles are,




Q5 and Q9 page 65

Radiation is the transfer of energy through electromagnetic waves

Electromagnetic waves include things like sun, fire and any warm object emit
more of radiation .

AL ana sl U g Geatd) Aatl QU Jie dpelaline 5 jeSIl Cla gall (33 5k o 51 pad) JEE ;g lady)

Thermogram shows the temperature of an object by
using colors .

Hot object shown in white , red and yellows

Cooler objects are shown with blues , purples and black
OV p1asid 5 £ Lad L pesall 851 e (a3 4455 o) o ga il

GO sl g Aaldl Slea¥) e J85 jaal¥ly jealls pamnl) ol
8 sl e Jay 5 gy ool

Q6 page 51 & 52

Thermal Energy :The total energy of a substance

depends on:

» The kinetic energy or the speed of the particles (measured by
temperature) 8§yl Ay s o0 A8yl A8l e &)yl dBlall daiad

Salal Al I (g0 Epeall A3l
AWSI D (0 bl sde foane
Balall lgie o (&)l B3lall £55 (de daiiad g
Il @l e daxa3 Y g

* The potential energy or the arrangement of the particles (determined
by state of matter)

* The total number of particles in the substance (measured by the
mass of the substance)

« the type of matter that makes up the substance

3. A scentist was working with substance Y. Which of the following does not
represen an increase in thermal energy?

a T o T roey [ T

I B8 The volume of the substance Increased by W0 rHI,

C The mass of the substance increased by 10 g

D The substance changed from a Bquid into a solic

et & WCore 8 L Assin

g THREE-DIMENSIONAL THINKING
In the thermogram on the right, how do
conduction and radiation explain the
energy transfers occurring?

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.

What's "ap:v:.".lrg—)

here?

EXEAEEEETED Connection Thermal energy from the
Sun can only traved to Earth by radiation. This is because
Space is & vacuum—a space that contains litthe or no matter.
Since there is little matter in space, thermal energy cannot
transfer by conduction, which requires objects to be in
contact. Radiation is the method of thermal energy transfer in
space. However, radiation also can transfer thermal energy
through solids such as rocks, liquids ke the ocoan, and
gases in the atmosphere.

[ -

COLLECT EVIDENCE

How does radiation help explain the direction of thermal energy
transfer between the toast and the environmem? Record your
evidence (B) in the chart at the beginning of the lesson

Heat transfers from the toast to the environment.

Real-World Connection

4. Explain Think of a time that you noticed a change of state. Explain what
happened using the terms temperature, particle motion, and energy.

Student answers will vary. Sample answer: ice melts when it is taken
out of the freezer because the temperature rises, which gives the
particles more and more energy. Eventually the energy is enough to

break the attractive forces between particles.

5. Compare the amount of thermal energy required to meit a solid with the
amount of tharmal energy redeased when the same liquid becomes a solid

The amount of energy released would be the same amount required
to melt the substance. This is why the melting point and the freezing

point are at the same temperature



Q7 page 27

’~ Three-Dimensional Thinking

Some students want to demonstrate thermal expansion. They devise the
following methedt: A large black balloon is taken to a shady area and filled
with cool air. The balloon ks then taken to a bright, sunny location. After a
short time, the balloon begins to expand

3. What explanation does this investigation verify?
A A balloon filled with cool air will rise into the atmosphere.
Q As particles gain energy, the material takes up more space
C The air inside the balloon lost energy.

D The sunlight caused the air in the balloon to contract

Q10 page|12 & 14

In liquids, particles are quite close together and move with random motion throughout the

container. Particles move rapidly in all direction.

e JOhs G IS B & et AL Salall Sl s

Diffusion J23¥): is the net movement of particles from a region of higher concentration to

a region of lower concentration.

until its concentration becomes equal ( same ) throughout a space.
#lo il (B A gall 385 sl An 15855 e Al ) 1585 e V) Adhiall (e oy jadl AS a0

1

Oye ; m : .
Motecules ' !% E 5 §§ !
Wator 3". ﬁ" 4 21
Moteculos 4 . Khhh K
Movement to Diffused evenly
fow (Ecvilib
Diffusion

Hot Water Cold Water

Higher temperatures increase the energy and therefore the

movement of the particles, increasing the rate of diffusion(

fasting ) . Lower temperatures decrease the energy of the ° o
particles, thus decreasing ( slowing ) the rate of diffusion. ° ° o
Tna asal) g LEENI AS a3l 351 al) il Lals o 5

Kinetic energy is the energy an object has because of its
motion. 43S Gus aal) LgaedS Al 48 al) 48Ul

08 page 53

How factors affect how thermal energy is transferred between substances :

Reflectivity absorbency Reflection is when energy bounce off a surface .

g peiall il pall e e Bolall 38

Absorbency :
A4l Sila gall aloatel e 850l 3 556

White substance reflects all radiated

gole Akadlol 3aliY JS | pSaet climall 3l gall |

Black object absorbs all radiated light energy
lgale Jaflodl o gl il eba gl 20 gall

Thickness

Surface area

When Larger thickness increase take more time to
heat object orto cooling

Loy 50 g IS 5 Lguaodd 2l 5 30 5 LalS Balall lale 31 ) LadS
Thickness relates to the mass of substance

Balall ALS, oyt pa Bolall lae

S Leiadndl (5 atkenall B gl o) Balall RIS sl ) el sl
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When surface area increase rate of heat increase
£ Gl IS Ll e Halns sl LS
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‘What process does the image above re{q'e¥ ?'¢ .
AT Ao ToT

THREE-DIMENSIONAL THINKING —

) Add motion lines to the liquid particies model on the right to show
they are moving faster than the liquid particies on the left. Circle the
model that has more kinetic energy
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We can use diffusion to understand how fast the particles move. Uakay LSV} (1585 )0 sl At

Aoy g AL 45 o 4B Y 12>
555 e ABadl g Al o)

When we add heat energy, the particles move faster. bl

The faster the substance diffuses, the faster the particles are moving.

This means the particles have more kinetic energy (movement energy)




103 1 1 1 EESYEEEEE Connection Water does not actually disappear
’ from a puddie or a cloud. It evaporates. Evaporation is the process by which

a liquid, such as water, changes into a gas. When the Sun shines on a bady
of water, water near the surface absorbs thermal energy and becomes
What happened to the puddle’) warmer. As a molecule of water absorbs energy, it begins to vibrate faster.

. When it has enough energy, it breaks away from other watar molecules. It
rises into the atmosphere as a particle of gas called water vapor. Like other
gases in the atmosphere, water vapor is invisible

5’ THREE-DIMENSIONAL THINKING

¥ On the figure below, model the process that changes liquid water
to water vapor. Label the transfer of energy that takes place during
this process

e

Students should diagram liquid |

water evaporating and becoming
water vapor. Thermal energy from ¢

the Sun Is absorbed during this ‘&
: Process.

Four friends noticed a large puddie on the sidewalk when they walked to
school In the moming. When they walked home, the puddle was gone. They
wondered what happened 1o the water that was in the puddie,

How does energy from the Sun drive the cyclmg of matter?

Thermal energy from the Sun causes liquid water on or near Earth's
Desi: | think the water soaked into the bricks. . oy 4b 9

surface to evaporate an ecome water vapor,
Trudi: | think the water went up into the clouds. P P

I | think the water is In the air around us.
Carli: | think the Sun changed it Into something else.

Gaseous Water vapor

Circle the student you most agree with. Explain why you agree with
that student.

ol B a i ) gl aaay 5 jA el

Water will evaporate and rise into atmosphere
because the heat that come from sun

Liquid

- 2 :
Liguid-particlesis g, 4 Che.mges
absorbithermal == 7 into

energ_y and ;
gain-more

Kinetic energy

(move faster

further apart)

uoneisoden3




LIGHT

/ \

High albedo

Low albedo

The measure of the reflectivity of a surface _
R e LU UL P

Light colored, reflective surfaces like ice or thick cloud have high albedo.

e gl Ll A A ) el i Rl 0 11 0 Slall ela)

Dark surfaces such as soil have low albedo levels because they do not reflect much sunlight.
el Rl e S et Y LYl e i S e L 0 i Al m L)
The temperature of the atmosphere is greatly affected by the albedo of the hydrosphere,
geosphere, and biosphere.
NERTEN ENEGN[PRURERG, -, FY (PRSI -, FL P PSP S-S es -y P [ SN BTN &
The more reflective a surface is, the less it absorbs solar energy.
Al AR sl B LS ¢ LdSasl T el IS LIS

Low Albedo High albedo
-low Reflect -High Reflect
-High absorbs -low absorbs
-High temperature -low temperature

Differences in air pressure cause air to flow.

Wind is the movement of air from areas of high pressure to areas of low pressure.

The following activity explores two types of local winds —

sea breezes and land breezes.

2. Predict whether a sea breeze could occur at night. Explain.

Answer: A sea breeze could only occur at night if the land stayed warmer than the water.

Some solar energy is absorbed by living things such as plants.

ULl i A ) ALY (58 pe Rpcantl) ALY | oy il

convert sunlight into usable chemical energy in the form of sugars.

ey S b oD 48 g Bl 1 pual oy ) g

During the day, cool ocean
alf moves toward lower
pressure over lana

How does the reflectivity of a surface (albedo) affect its temperature?

B) Surfaces with low albedo tend to be warmer because they absorb more
heat.

" Warm land

Alr warmed over land
creates an area of
low pressure

Land breeze

Cold land

Warm water

At night, the water is [warm-|and the land is cool-,

At night, the land coolsv more quickly than the water.

Therefore, the air above the land COO0IS+ more quickly

than the air over the water. As a result, an area of
lowek pressure forms over the warmer water.

The Sun’s energy warms Earth unevenly.

Warm air rises and puts less pressure on Earth than cooler air.

A8 Za g BB i Y e ) ey g i Ladla B ) gl

Cold air sinks and puts more pressure on Earth. sii.sia, due s oy gt o d53 wis 3¢50

These temperature differences creates differences in air pressure.

This creates local and global Winds. e ;i el e o s g a0 g s cs b ds




Q14 page|178, 179
3. The trade winds

Global convection cells help generate the three were named by sailors, who took advantage of
. . . these winds to sail their ships across the oceans.
baSIC Wlnd SyStemS at Earth,s surface N eaCh It is the northeast trade winds that carried ships
hemisphere: trade winds, westerlies and fiom Europe 0 e New World Label he
; irection of the trade winds on the map below.
polar easterlies.

1. Label the image with the global wind systems based on the descriptions
below.
Polar easterlies . The polar easterlies are
h cold winds that blow from

east to west near the North
Pole and the South Pole.
Polar casterlies begin as
dense polar air that sinks.

The prevailing westerlies
are steady winds that flow
from west to east between
latitudes 30°N and 60°N,
and 30°S and 60°S.

= The trade winds are steady
winds that flow from east to
west between 30°N latitude
and 30°S latitude,

Polar easterlies

2. In which direction do you think weather generally moves

Can which
across the United States? Why? d[m?i?nz wind
Most of the continental /- tupically blows here?

United States falls in the
westerlies wind belt. The
westerlies flow from west
to east causing weather
patterns to typically move
west to east.




Q15 page 175, 186

Imagine vou are entering a large, air-conditioned . .
) oedl i bl 2ids Ladie | jla dua 3 1a8a g7 Saa Jaas &) s
building omn a hot summer day. As you open the +loelt ik am -J B2 05 0 1005 28 i

door, yvou feel cool air rushing past yvou out of the D & g3 g grgein g o ghiall S g adaly
building. Model why wvou think this happens in
the space below.

Answer: Cool air in the building moves outside because the air

pressure is higher inside the building than outside.
4a ) dda ol ) JA0 )l o) sgd) ks 0 @ AN () & ay sall B asasall 3 515l

A surface current is a wind-driven current that carries ocean water horizontally
across the ocean’s surface.
As wind blows over ocean water, it transfers energy to the water.

The moving air particles drag on the surface of the water and cause the top portion of water
to move.

As surface current move towards poles, they cool and sink. o e
Cold, dense water is brought back up by upwelling.
Upwelling is the vertical movement of water toward the
ocean’s surface.

Upwelling occurs when wind blows across the ocean’s surface and pushes
water away from an area.

Deeper, colder water is forced to the surface. =Z;;"’WW::'
This deeper, colder water is nutrient rich and supports large populations of fish,

algae and other organisms.

“\Qb S U;welling

How does wind influence the movement of water?

B) By creating ocean currents and surface waves
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Complete
More mass ——————— ....cceueuennee...... Kinetic energy
less speed ——— ...............cc..... kinetic energy
Zero speed ———  .....c.cccccooc... kinetic energy
r S
N spued . no limetic energy
Ki % Greabermass #——= greater kingtic energy
inetic energy :
Greater speed ———— = greater kinetic energy
N, IV
Speed of particles
Diffusion rate
THREE-DIMENSIONAL THINKING
) Add motion lines to the liquid particles model on the right to show
they are moving faster than the liquid particles on the left. Circle the
model that has more kinetic enerav. —
/ % 4. Which statement best describes what is taking place in the images?

¥ ~o®"
O 1 @rr 0.:0. ¢
¢ o S Ot ’ =

\

t:.s)uaa\jatgp\ Jsa daghaall clj LS

Kinetic energy and Temperature :

Temperature is measures the average kinetic energy of the particles in a material .

The lower the kinetic energy ==p-the lower of temperature ==p substance will contracts

The higher the kinetic energy == the higher of temperature = substance will expand
Ll plad) )l gaipsg gl g W o B iy Sl 48 ) AN i 1)

Ljloa Weasdd ) U3 eagap LS ) g e s ) 5 il ol 48 al) A1 5 13)

The particles in the middle have more kinelic energy than the
particles on the right

Kinetic energy in gases is greater than in liquids and

solids because the distance between molecules is

large. Kinetic energy in solids is very small because

there is no distance between molecules.

O Alaall Y Abiall 5 AW (e STl el 84S jal) a8l
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[if THREE-DIMENSIONAL THINKING

Y For each example:

1. Compiete the model of the particles.
2. Indicate how potential energy is changing (Increasing or

Adlual) calBd ALLL) L) A e Balal) Al &y
O eial) 568 <l g AdjAal) dBUal) b i
iyl

@l 38 AL A1 Abaal) e Balal) Ala oy
568 clh g 45330 dBUal) il i Adlucal)
aliiall o iladl)

Potential energy depend on 1- distance between
particles()and2- when the state matter change
LalS by o) G ABlaall o 45330 g AlalSl) ABUal) adias
Ala s 1)) 435 g AdalSl) ABUal) ) agin ABlusall &)
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decreasing)
3. Indicate how the attractive forces are changing (increasing or
decreasing)
A __Condensing Liquid
LS F g
e e 9 o % ®
L e}
v ® o \e 0: on
Potential Energy = decreasing . . . . .
Attractive Forces = NCSAsNg
B Melting Uguid
7
00000 70® @
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Potentiol Energy = ncreasing
Attractive Forces = decreasing
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Attractive Forces » 9
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SOURCE RECEIVER
SOURCE OBJECT RECEIVER
B0 Gy 3 gl Energy Transfer OBJECT

Janey had a bowl of hot soup for lunch. The soup was so hot she decided to
put it in the refrigerator for a few minutes to cool it. What happened to ceol
the soup so Janey could eat it?

Al The heat moved from the soup to the cold air in the refrigerator.
B. The cold in the refrigerator moved into the hot soup.

C. No heat or cold moved out of or into the soup. It just cooled off.

1

Decrease

AURD ity g8 pupd

Type of
energy

Energy Source Energy Receiver

Hot

Heat Flow SOt I
water = water

Increase
in thermal
energy

Decrease
in thermal
energy
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Circle the answer thaf 9.
Describe what happe| ¢ ) ) 4dlal) g 5_lad) 4y, 0l ¢pa 5 o) Jaiss
A Al

Heat transfer from ......ccceievcens 10 s

Temperature of $03p .......ccccccceevvcuee e And temperature of surrounding air .......o..e..

Heat is the thermal energy that is transferred between regions with different
temperatures (flowing from the high-temperature region to the low-temperature region ).

Li 3
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substance can only be cooled by allowing some of its energy to be transferred to
another substance . for example , liquid water transfers energy to the
surrounding air in a freezer .
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g} THREE-DIMENSIONAL THINKING

Where did the Where did the

heat go? w-\\ heat go? w

slall cpa b ladl J85 (DA e elal) 2 yu
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" In the figune abowe, the waler in the koo cube tray 5 10°C. Rt is placed

in the freezer a1 0°C, Add armows to the figune to model the direction
of energy transder.

Ga A A G b Al S
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transfers from the warmer water in the tray to the colder environment in the
freezer.

COLLECT EVIDENCE

How does the type of material in the kitchenware affect
how it transfers thermal energy? Record your evidence (B)
in the chart at the beginning of the lesson.

Some materials, such as metals, conduct thermal energy easily.
Other materials, such as wood or plastic, do not. The amount
of energy needed to change the temperature of a material by a
given amount depends on several factors.




are shown with blues, purples, and black, ==l
' THREE-DIMENSIONAL THINKING 5 Ly .
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Y In the thermogram on the right, how do 4 $ IO e Has 3

conduction and radiation expiain the
rgy transfers occurring?

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

ENC OUNTER Why is this kitchenware made out of
THE [ r 0 so many different materials?
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Adita and his friends were learning about insulators and conductors in
school. They all agree that metal, a conductor, will heat up more quickly than
ceramic, an insulator. They have different ideas about how the materials will
cool. This is what each friend said:

Adita: | think the ceramic will cool quicker than the metal.

[ Niabi: | think the metal will cool quicker than the ceramic. ]

Irene: | think they will both cool at the same rate.

Rafi: | think conductors and insulators have nothing to do with how a
material cools, just how a material heats up.
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X ¥ You can bake food in either a metal pan or oven safe glass, Which would 43Ul e A,g}d\ _ !h"_. dm [ uﬂ\ uﬁ (“ TECIit
require more energy 10 heat up? Which would cool down the fastest? . . g Tk .
¢ 5 . £ ¢ -
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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. N il 15Ul o el palal &M‘ . i
Ml J8 3w g 9 [t T e 38 ) A o (g siny
e é,@u'yg)utdsuuwu1 sle ol 2y g
Ldadile 4 43,

Speciic heat capacity (kg K)

speciﬁc heat is the amount of the thermal energy required to increase the temperature
of 1 kg of a material by 1°C
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Specific heat capacities of common materials

4500 4180
4000

= 200 High S.H: needs lots of energy to heat up

1500 1340 1500

1000 780 €20 840 £20 Low S.H: needs less energy to heat up.
380 386 337 490
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com

4. The specific heat of air is 1.0 Lg-K and the specific heat of copper is
0.4 Mg-K. Which statement describes how each material would affect the

amount of thermal energy transferred?

B Copper transfers thermal energy the quickest.

slal) Jia (o 9 258 9 GA Ale 4o 53 8 Lgd (A Bakal)
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Air copper
Specific heat Low
conductivity insulator
Time to get cool
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Four friends noticed a large puddle on the sidewalk when they walked to
school in the morning. When they walked home, the puddle was gone. They
wondered what happened to the water that was in the puddle.

Desi:
Trudi:
ax:

I think the water soaked into the bricks.

I think the water went up into the clouds.
| think the water is in the air around US>
itinto something else.

Circle the student you most agree with. Explain why you agree with
that student.

' On the figure below, model the process that changes liquid water
1o water vapor. Label the transfer of energy that takes place during
this process.,

T

Students should diagram liquid
water evaporating and becoming
water vapor. Thermal energy from
the Sun is absorbed during this

process.
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How does energy from the Sun drive the cycling of matter?
Thermal energy from the Sun causes liquid water on or near Earth's

surface to evaporate and become water vapor.

The molecules move and vibrate so quickly that they escape into the

atmosphere as molecules of water vapor.
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Heat from the sun, or thermal energy causes the evaporation process.

About 90 percent of water in the atmosphere is produced by evaporation
from water bodies, while the other 10 percent comes from:

D0 5 %10 (S5 ALl Cladasal) ba yicae elall 35 G 80all 30 % 90

e transpiration from plants il Llee

» cellular respiration of organism il A
. water stored in organism . Ll GBS sl Al elall

During the process of transpiration, water
molecules in the plant tissues are removed
from the aerial parts of the plants.
0 Al sl bl Aol e 2301 oLl 25 3 2 il
Ll Gl

Evaporation : a3l e
Evaporation happens when a liguid
substance becomes a gas

When water is heated ( absorbs
thermal energy ) , it evaporates.

Organism also release water vapor to the atmosphere when they
breathe out. This is called cellular respiration. organisms combine
oxygen with foodstuff molecules then as waste products, carbon dioxide
and water.
ol plakall a3 5y ke (o lld s il dlee ol elall sy (U3 Al BS)
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water stored in the tissues of organisms released back to environment
when organism die and decompose
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COLLECT EVIDENCE

Why do clouds and other bodies of water “disappear?”

THREE-DIMEMNSIOMAL THINKING

Maodel the three ways water enters the atmosphere. Use
arrows and labels to show the transfer of energy that drives
the cycling of water from Earth's surface to Earth's atmosphere.

Some water evaporates before precipitation.

COLLECT EVIDENCE

How else does water enter the atmosphere?

About 90 percent of water in the atmosphere is produced by
evaporation from water bodies, while the other 10 percent
comes from transpiration from plants. There is always water in
the atmosphere

How water evaporate (reappear) ?

Dew, water beads on outside of cup filled with cold water.

Ledle elo iyl el 50 ol dala 30 e o) ool 5l DA e Sl Al el

Condensation is the opposite of evaporation.
It is the process where water vapor in the
atmosphere is changed back into liquid
water. As water vapor moves to the upper
atmosphere, it begins to cool off. Clouds foie ! *

form when the rising air and water vapor cool ge s oW
off and clump together. It takes millions of water vapor molecules to

form a droplet of water that weighs enough to fall to the ground.
30,y AL A ) & el salall J g5 dolee CadSall
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Crystallization is the process by which a
substance becomes a crystalline solid, sort
of like freezing.
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'__.7 Precieition

respiration

THREE-DIMENSIONAL THINKING

On the figure beiow, model the process that changes water vapor
10 liquict water. Label the transfer of snergy that takes place during
this process.

COLLECT EVIDENCE

How do clouds form?

C. Answers may vary. Sample answer: When water vapor in
the atmosphere cools, it loses thermal energy and condenses
into liquid water in a process called condensation.



Sketch Create a concept sketch that models how water cycles into and
through the atmosphere. To construct a concept sketch, begin by listing
the processes and relationships you want 1o describe. Then, draw your
sketch and write complete sentences describing the sketch. Include
labels for the energy that drives water cycling, the state that water Is In
at each step (solid, iquid. or gas), and the transfer of thermal energy. Be
croative!

@ Three-Dimensional Thinking

Jorge wanted o modsd two processes that cycle water in the atmosphere
for a clase prejoct He began by filling o self.cealing plastic bag half full of
wiaber. After sealing the bag, he taped it to a sunny window. After & few
hours, water beaded along the inside of the bag.
2. Which processes ane represented by Jorge's model?

A transpiration and respiration

B condensation and crystallization

€ respiration and evaporation

‘ evaparation and condensation

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

A When water changes state from a liquid to a solld, thermal energy
s absorbed.

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

C When water changes state from a liquid to a solid, thermal energy
is released.

‘ When water changes state from a solid to a liquid, thermal energy
is released.

Jane was drinking a glass of water. She asked her father where the water
came from. Her father sald it was groundwater that was pumped up by thel
wel. Jane wondered what the water looked like underground. This is what
her family said:

Mom: | think it looks like a huge ocean underground.
Dad: I think It looks like a small lake underground.

‘ I think It seeps into little holes or spaces between the soil and the
rocks.

Annie: | think it looks like a long, underground tube filled with water.

Philip: | think it looks like an underground volcano with water spurting out
of the top.

Which person do you agree with the most? Explain your ideas about
groundwater,




ENCOUNTER How might a single drop of water 1. Organize Create a graphic organizer that iliustrates the role of gravity in
THE PHE} I

T\ AT NI AT

{E PHENOMENON travel from a cloud to a stream to keeping water moving on Earth, Include at least four places whaere water

an aquifer? Water falls to Earth’s surface as precipitation in the form of is stored and the state that water is in at each reservoir,
rain, snow, sleet, or hail. The water can enter the ocean or

other bodies of water, or seep into the ground to become

groundwater.
Gravity
- (force pulling things down
COLLECT EVIDENCE o to earth)
Why does water on Earth's surface flow and where does it go? ___Precipitation: Runoff:

«t gravity pulls water Rain, hail, sleet or snow Gravity allows wat.er to
downhill on Earth’s surface in streams and also down into the (differ_ent_ states of water liquid move zown towards the
ground as groundwater. Water flows into and out of streams or 5‘?"‘1) is pulled dowm by reservoirs for storage in the
;/ri‘a precipitation and groundwater flow. Eventually it enters gravity. oceans, rivers, glaciers or

e ocean.

underground

r-\
On Earth's surface, gravity moves water from Q THREE D N ON A THINKIRG

¥ 1. Draw arrows on the figure below to model how you think

higher to lower areas. groundwater might flow.

The water can enter rivers and streams, and
eventually reaches lakes or oceans.

[he w

But most water remains in certain storage areas
for relatively long periods of time.
A storage area is called a reservoir.

water table are full
of groundwater,

Reservoirs can be oceans, lakes, glaciers and ice
ca E S a nd g rou ndwa[er 2. Read the first paragraph on the following page and revise your

arrows as needed.

3. What force causes groundwater to flow?

-

Precipitation

e Energy from the sun causes water on Earth’s
surface to evaporate into the atmosphere.

e The temperature in the atmosphere is lower
s0 it causes the water vapor to condense.

o Once the water vapor condenses or
cystalizes it will form a cloud.

e The liquid that falls is called precipitation.

The 4 types of precipitation are: rain, hail, sleet

2. Which person do you agree with the most?

A  Marco: Wind drags water particies along in the stream. and snow

. Seima: Gravity causes water in the stream 1o move downhil.
€ Brock: The Sun warms the stream causing it to flow.

D Chen: The stream moves because of its velocity.




Four friends are at the beach on & sunny day. They notice that the sand is
much warmer than the ocean water. They wondered why the temperatures
of these surfaces differed even though thay are exposed to the same
amount of sunlight.

I think that land warms faster than the ocean because water
requires more energy to be heated,

is more attractod to sold surfaces than liquid surfaces.

Max: | think the land warms faster than the ocean because watsr is clear
and sunlight can pass theough it more easily than the land.

Talia: | think the land warms fastor than the ocean because water depth
Increases away from the shore.

ENCOUNTER | What effect does the Sun have on

PHENOMENON | water?

THE

the Sun’s energy warms different parts of Earth.

The big idea is that land and water absorb and release
energy from the Sun at different rates. Water absorbs and

releases thermal energy more slowly than land because water
has a higher specific heat. That means ocean water requires

more thermal energy to raise its temperature than land
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THREE-DIMEMSIONAL THINKING
Meodels can be used to represent systems and their interactions. How did
this demonsiration model energy transfer between the Sun and Earth?
Suppart your réasaening with a real-life example.

Energy from the sun is transferred to Earth.
Different areas of Earth receive different amounts of this energy.
Some areas receive more and others less.

The sun is able to transfer enough energy to melt snow and ice on Earth’s
surface.



THREE-DIMENSIONAL THINKING
S’ You Just investigated how thermal energy from land and water

influence the atmosphere. Now, use these
relationships 1o predict how land, water, and air will absorb and
release thermal energy in the following scenarios

1. Suppose you go to the beach in the morning of a sunny summer
day. Explain the rate at which thermal y is absorbed by the
water, sand, and air durning the day.

Sample answer: The sand will absorb thermal energy at a faster
rate than the water. The air above the land will absorb thermal

enerqgy at a faster rate than the air above the water

2. Explain why the flow of between air and sand is different
than that between air and water as thermal energy is absorbed
from day to night

Sample answer: Water has a higher specific heat than land. Air
has a lower specific heat compared to land and water. Therefore,
energy is absorbed at a faster rate between land and air than
between water and air. Land and water highly influence the

temperature of air.
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3. As the Sun begins to set, predict the effect on the rate at which
the air, water, and sand will cool.

Sample answer: The sand will release thermal energy at a faster
rate than the water. The air above the land will release thermal

energy at a faster rate than the air above the water.

Foe Eorth 10 rediote tharmal energy. it must fiest absord thermal
enargy. However, some natural surfaces on Earth and in the
Mmosphore are more roflective than absorbent, Examine the
photo below.

@- THREE-DIMENSIONAL THINKING

Use the photo to doscribe arcas of hvgh and low albe do. Explain
YOUR reasoning

Sample answer: The snow peaked mountain tops have a high

albedo compared to the darker mountain rocks. This is because
lighter colored objects are more reflective than darker colored

objects



Land breeze

Diagram Create a visual to show how energy is transferred from the Sun to
Earth and the atmosphere. Include how features on Earth's surface affect
this transfer of enargy.

Warm water Cold land

At night, the water is Eml and the land is cool-,

At night, the land cools- more quickly than the water.

Therefore, the air above the land COOIS- more quickly

than the air over the water. As a resuit, an area of
lower pressure forms over the warmer water.

Reflection x
{some of the incoming Absorbtion

;dubon i3 raflec \ s I ze

" L]

v" During day, air over the land warms by conduction and rises, creating an area of
low pressure.

v" The air over the water sinks. This creates an area of high pressure because it is
cooler.

v" The differences in pressure over the warm land and the cooler water results in a
sea breeze--a cool wind that blows from the sea onto the land.

During the day, cool ocean Alr warmed over land
alr moves toward lower creates an area of
pressure over land. low pressure.

v~ At night, the opposite occurs.

v The land cools more quickly than the water.

v As aresult, an area of lower pressure forms over the warmer water.

v In a land breeze, cool air over the land moves toward lower pressure ove
water.

2. Predict whether a sea breeze could occur at night. Explain.

Answer: A sea breeze could only occur at night if the
land stayed warmer than the water.
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Cold )

~Why do ocean currents flow in certain directions?
~

Influencing Factors

v" Landmasses deflect the flow of ocean currents.

v They help create large circular systems of ocean
currents called gyres.

v" The currents within each gyre move in the same
direction.

JNEEEEED
20 25 30 35 40

v" However, the direction of current movementin a
gyre is different in each hemisphere. 1

n what direction do gyres flow in the Northern Hemisphere? What

Y T —T————— about in the Southern Hemisphere? Why do you think this pattern

Answer: Gyres in the Northern Hemisphere circle clockwise and gyres in the
Southern Hemisphere circle counterclockwise. This pattern results in the
Coriolis effect.

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

Answer: Because of the Coriolis effect, water flowing from the equator 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 oceans?

Answer: Solar energy drives convection in the oceans.

What is the Great Ocean Conveyor Belt and what does it affect?

It is a model that explains how ocean currents circulate thermal energy around Earth affecting
weather and climate.




Global Conveyor Belt

Surface currents, upwelling, and density currents
combine to form the Great Ocean Conveyer Belt.

Variations in temperature and salinity drive this global
pattern of interconnected ocean currents.

Earth’s rotation causes moving air and water to appear to curve
to the right in the Northern Hemisphere and to the left in
Southern Hemisphere a phenomenon is known as the Coriolis
effect.

It is the Coriolis effect that produces the curving patterns of
circulating wind.

* Airis being carried around Earth by rotation.

* The surface has a greater velocity near the equator than
at the poles because it has to travel a greater distance in
24 hours.




The Coriolis effect is not only the factor that influences the motion of wind.

Landmasses also affect the speed and direction of wind systems.

For example, the westerlies in the Southern Hemisphere are locally very strong.

Because this systems is mostly over the oceans and has few continents to disrupt the wind.

v" Types of ocean currents include
density currents and surface currents.

Density Currents

High Salinity and cold temperature causes water to become more dense.
Water that is denser will sink.
This helps create currents of water deep in the ocean as water flows from areas of

high density to low density.
A density current

Surface Currents

v Ocean currents flow at different depths in the ocean.
v Density currents carry water from the surface to deeper parts of
the ocean.

Upwelling
As surface current move towards poles, they cool and sink.
Cold, dense water is brought back up by upwelling.
Upwelling is the vertical movement of water toward the ocean’s
surface.




