@ CHAPTER 10: HEAT

7th Physical Science

INTRODUCTION

© Worksheet Page 3. Do the QuickLab




MAIN IDEAS

o All objects are made of moving atoms and molecules
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MAIN IDEAS (WORKSHEET PAGE 4)

o Thermal Energy:
» Total KE from moving atoms and molecules
e Slunit:

o Temperature:
* Measure related to average KE of particles
¢ Units:

O Heat:
* Thermal energy transferred from hot object to cold object.
* Example:

e Sl Unit:




10.1 TEMPERATURE
BELLRINGER

The temperature of boiling water is 100" on the Celsius scale and
212" on the Fahrenheit scale. Look at each of the following
temperatures and decide whether you think that it is hot or cold:

60°F 60'C 37F 37C O0OFC 100°F 273K 70°F

10.1 TEMPERATURE (WORKSHEET PAGE 4)

All object are made of atoms or molecules that are always
moving randomly.

Temperature = a measurement of the average kinetic energy
of an object’s particles.



10.1 TEMPERATURE
Question: How does a thermometer work?

Thermal expansion:

The mercury or alcohol in a glass tube spreads out when it’s
hotter

Because the particles move faster.

10.1 TEMPERATURE

Where do the temperature scales come from?



10.1 TEMPERATURE

o Why Kelvin scale?

10.1 TEMPERATURE (WORKSHEET PAGE 5)

o How cold is too cold?
o How hot is too hot?

Surtace of 6000 K

All molecul

have broken up.
no solids or 4300K
Carbon arc 4000 K

1800 K
lron meits
500 K
+200°C Tin meits
400 K
«100°C Water bolls
00K oo
0°CH-273 K™ melts
Ammonia boils
00c2BK
208
100
-2000C+ O boils
- um bolls
-273°C 0K




10.1 TEMPERATURE

o Temperature Conversions. Write the equations.

+ Fahrenheit > Celsius of = (% N oc) +32

» Celsius = Kelvin

« Fahrenheit 2 Kelvin

=°C + 273

10.1 TEMPERATURE (WORKSHEET PAGE 5)

o Label the 3 A A
temperatures in
. s | |52 2 s | b 100 ] | 373,15 K s
Fahrenheit,
Celsius,
Kelvin.
wf | 1+98.6% 37 1310.15 Kewwww Normal body temperature
e | 775 e 25 e 298,15 Kis Warm day
. . e | B8 b 20" 1+293.165 K Room temperature
o Describe the tick
marks.
7 2° 0° 27315 K
Kelvin, K

Fahrenheit, "F  Celsius, ‘C



10.1 TEMPERATURE (WORKSHEET PAGE 5)

Math Practice
1. 373K = °C
2. Whichis colder 0 ° F or 200K?

10.1 TEMPERATURE (WORKSHEET PAGE 5)

Most substances when cooled.

Scientists use either the or
temperature scale.

An object’s temperature decreases as the average kinetic energy of
its particles




10.1 TEMPERATURE (WORKSHEET PAGE 5)

© Why does a bridge need expansion joints?

10.1 TEMPERATURE (WORKSHEET PAGE 5)

o How does a hot-air balloon work?




10.1 TEMPERATURE

Homework:
Worksheet Page 1 (Section 10.1)

Prelab
o Fill in Hypothesis -- and why?
o Independent/ dependent variables

10.2 WHAT’S HEAT? (WORKSHEET PAGE 5)

A question:

The temperature in the bathroom is 23°C. The tile floor feels very
cold. The rug feels warmer.

Is the floor really colder than the rug? Why do they seem to be at
different temperatures when your bare feet touch them?



10.2 WHAT’S HEAT? (WORKSHEET PAGE 5)

Heat =
thermal energy transferred
from an object with higher temperature

to an object with lower temperature
Sl unit
=Joule

Question:
Why does an ice cube feel cold?
Your hand lost energy to ice cube.

Why does a light bulb feet hot?
Your hand picked up energy from light bulb.

10.2 WHAT’S HEAT?

Prediction: True or false?

Thermal energy depends partly on the temperature of a substance.

A cup of water at 283 K and a pot of water at 283 K have the same
thermal energy.

True.
False



10.2 WHAT’S HEAT? (WORKSHEET PAGE 6)

Thermal energy =

total kinetic energy of an object’s particles.

What is the difference between temperature and thermal energy?
temperature = average KE (how fast does each particle run?)
thermal energy = total KE (add up all the KE from all particles)

10.2 WHAT’S HEAT? (WORKSHEET PAGE 6)

Q) 2 bowls of soup are at the same temperature. The bigger bowl
has less/more thermal energy than the smaller bowl.

Q) A bigger ice cube has less/more thermal energy than a smaller
ice cube because...

particles move at about the same speed (temperature same) but
there are more particles and their KE add up.
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10.2 WHAT’S HEAT? (WORKSHEET PAGE 6)

Q Which is higher Which has more thermal energy? Why?
temperature? Why?

Iceberg vs. Ice cube

Bowl of hot soup vs.
Lake

10.2 WHAT’S HEAT? (WORKSHEET PAGE 6)

o When 2 objects at different temperatures come in contact, the
cooler/warmer object gives energy to the cooler/warmer object
until they are

* > KE energy of particles tends to even out.

© Energy is transferred from the particles in the juice to
the particles in the bottle, These particles transter tm

to tho particles in the ice water, causing the ice to A Hottle (9°C)
Bottle (25°C) Jice (€)  Water (9°0)

Iice (25°C) Ice water (0°C) e ,4 B

Y/ -\
- vl 1% \
) s i34
- 0 ok o5 v)
o AV 34 RErt s2 e el

(5227 S0 7

© Eventually, the juice, bottle,

t{ A { ©) Thermal energy continues and water have the same tem-
b Sl to be transferred to the rature, The juice and bottle
water after all of the ice ve become colder, and the
has melted. water has become warmer,
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10.2 WHAT’S HEAT?

o When energy has been transferred by heat, what happens to it?

Energy goes from high temperature object to cooler object.
The high temperature object lost energy and decreases temperature.
The cooler object gains energy and increases temperature.

10.2 HOw TO TRANSFER HEAT? (WORKSHEET PAGE 6)

o The 3 ways to transfer thermal energy (heat) are:

* conduction

* convection

» radiation ()~ ‘
&

13



10.2 MEeTHOD #1: CONDUCTION (WORKSHEET PAGE 6)

o Thermal conduction = transfer of thermal energy by direct contact.

METHOD #1: CONDUCTION

e

=

o Example:

o Thermal conductors:

o Example:

o Thermal Insulator:

o Example:

Table 1 Conductors and

14



10.2 METHOD #1: CONDUCTION (WORKSHEET PAGE 6)

A question:

The temperature in the bathroom is 23°C. The tile floor feels very
cold. The rug feels warmer. |

Is the floor really colder than the rug? Why do they seem to be at
different temperatures when your bare feet touch them?

10.2 METHOD #2: CONVECTION (WORKSHEET PAGE 6)

Convection = transfer of thermal energy by movement of liquid or
gas.

One heater located in the deep end warms the entire swimming

pool.

Hot air/water is dense/ than cold

air/water, so the hot air/water will and the cold

air/water will r =

2 examples: \ ,—\/
\_/

N
U\J
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10.2 METHOD #3: RADIATION (\ &g e | &

o Radiation = transfer of thermal energy by

o This is different from conduction and convection since em waves can
travel through matter and through

o The girl feels much warmer than the boy because

o
o What types of matter radiate em waves?
o 3 Examples of radiation:

o Interesting fact: In , the surface of the earth
absorbs enough energy to meet the world’s energy needs for ‘

RADIATION

MTTIED The Creenbome Eect ———— )

Greenhouse gases trap
some of the reradiated
energy near Earth's
surface.

Earth radiates infrared

waves, some of which

Visible light passes
through the atmosphere
and heats Earth.
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10.2 Quick LAB #2: WORKSHEET PAGE 3

Turn to Page 273 “Some Like it Hot”

10.2 SpecIFIC HEAT(WORKSHEET PAGE 7)

Put an empty metal pot on a stove and wait a 1 minute.
Put a metal pot full of water on a stove and wait 1minute.
Which one gets more energy?

Which one is safe to touch?

Which one needs more energy to increase the temperature?
Which one has higher specific heat capacity?

17



10.2 HEAT AND TEMPERATURE CHANGE
(WORKSHEET PAGE 7)

o Specific heat capacity: thermal inertia.

The harder it is to change the temperature, the higher the specific
heat capacity is.

10.2 HEAT AND TEMPERATURE CHANGE
(WORKSHEET PAGE 7)

o Specific Heat = amount of energy

for 1 kg of a substance to change temperature by
1°C .
Substance s'(.l".::‘g:" Substance SP;;‘I::--S“
Lead 128 Glass as7
GCold 129 Aluminum BY9
Copper 7 Cloth of 1,590
seat belt
lron 448 e 2,090
Metal of 500 Watet 4,184
seat belt
o Metal has specific heat than cloth. A little energy
(heat) makes metal a lot warmer.
o Water has specific heat than air. A lot of energ
(heat) makes water a little warmer. ‘

18



10.2 HEAT AND TEMPERATURE CHANGE
(WORKSHEET PAGE 7)

Q On a summer day, the metal part of the seatbelt feels scalding
hot, but the cloth just feels warm. Why?

1. Even if they were at the same temperature, metal feels hot
because

2. Actually, the metal has a temperature than the
cloth. The sun gives both metal and cloth the same amount of
energy but metal

10.2 HEAT AND TEMPERATURE CHANGE
(WORKSHEET PAGE 7)

Q Why does a swimming pool feel cool on a hot summer day?

The Sun gives water and air about the energy, but
the water temperature is than air temperature because

19



10.2 HEAT AND TEMPERATURE CHANGE
(WORKSHEET PAGE 7)

o Calculate Heat

o Example:
o In the box:

o When energy is transferred out of / into water, the water becomes

warmer.

10.2 HEAT AND TEMPERATURE CHANGE
(WORKSHEET PAGE 7)

o Calculate the heat (energy) transferred into the water.

3 &

Mass of water = 0.2 kg
Temperature (before) = 25°C
Temperature (after) = 80°C

Specific heat of
water = 4,184 J/kg-°C

- o

20



10.2 HEAT AND TEMPERATURE CHANGE
(WORKSHEET PAGE 7)

Calculate the heat (energy) transferred into the water.

You heat 2.9 kg of water to make pasta. The temperature of the
water before you heat it is 40°C, and the temperature after is 100°C.
How much heat was transferred to the water?

10.2 REVIEW — TRUE OR FALSE?

Heat is the transfer of energy between 2 objects with
different temperatures.

Convection currents result from temperature differences in
liquids and gases.

Radiation is the means by which the energy from the sun is
transferred to Earth.

Water stays warm or cool longer than land does because
water has a lower specific heat than land does.

21



10.2 WHAT’S HEAT?

o Homework — due Wednesday.
Worksheet Page 1~2 (Section 10.2)

10.3 STATES AND HEAT (WORKSHEET PAGE 8)

o The 3 states of matter are:

Particles of a gas,
such as carbon dioxide,
move fast enough to
overcome nearly all of
the attraction between
them. The particles
move independently

of one another.

Particles of a liquid
move fast enough to
overcome some of the

attraction between them.

The particles are able to
slide past one another,

Particles of a Solid, a Liquid, and a Gas

3 ’ﬁ "- —
&I A 7
.’ "ﬂ ”~ .
o a® 2 )
& N A
N 3 A
24
T XXX
~ .
| 1} \ Particles of a solid, such
. ".") q," \ as ice, do not mave fast
"25 'A.,.l‘ | enough to overcome the

strong attraction between
them, so they are held
tightly together. The particles
vibrate in place.
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10.3 STATES AND HEAT (WORKSHEET PAGE 8)

The state with fastest particles is

The state with lowest kinetic energy is

The state where particles vibrate in place is

The state where particles are sliding is

The state where particles are most strongly attracted is
The state where particles have almost no attraction is

10.3 STATES AND HEAT (WORKSHEET PAGE 8)

Change of state is a chemical/ physical change because the
substance is still the same, just in a different form.

H,O is still H,0 even though it can be in the forms of

Figure 2 When you melt
cheese, you change the stote
of the cheese but not its identity.
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10.3 STATES AND HEAT (WORKSHEET PAGE 8)

Changes of state

(@—.n;ui&' o ——————eeee ——— > hotter
csolid- - Bquid- - - e CBAs e
L = == N =S -
When you add in thermal energy to an object, it could
, , or
When you take out thermal energy from an object, it could
, , or
10.3 CHANGES OF STATE
Freezing? Ice cubes turn to water
Melting? Dew covers windshield
Boiling? Soup bubbles on the stove
Condensing? Winter road becomes slippery after sun goes
down

Water in pan on stove slowly disappears
Bathroom mirror fogs up when shower
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10.3 STATES AND HEAT (WORKSHEET PAGE 8)

o In the evening, why does dew tend to form?

10.3 STATES AND HEAT (WORKSHEET PAGE 8)

o During a change of state, the temperature

because...

25



10.3 STATES AND HEAT (WORKSHEET PAGE 8)
' What happens to the temperature of a

substance while it iy undergoing a change of state? (See the
Appendix for answers to Reading Checks.)

@TIED Changes of State for Water

150
Boiling point
125

Water + steam

3 8

8

&
Melting point «®

Ace + water

]
~

Temperature ("C)
o

o

)
N
w

Energy

10.3 CHANGES AND HEAT

o Is this a physical or a chemical change?

o Chemical: oxygen in air and methane in natural gas
form carbon dioxide and water and energy

o Chemical change: when the substance changes into another
substance.

o Energy goes into breaking old bonds and creating new ones.




10.3 FooD AND CHEMICAL ENERGY (PAGE 8)

o 1 Calorie (on label) = 4184 ).

0 Q.502,080)] = calories

10.3 CALORIMETER

© How to measure energy in food?
© Burn the food

o Energy is released, heat transfers
to water.

o Water temperature rises

o Water’s mass is known, specific
heat is known. Calculate energy
transferred to water. This is the
energy of the food.

Thermometer

Insulator

Figure 6 A bomb calorimeter can measure
energy content in food by measuring how
much heat is given off by a food sample
when it is burned.
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10.3 MATTER AND HEAT REVIEW

o True or false?

o 1. When ice changes to a liquid, it absorbs energy.
o 2. When a liquid evaporates, it absorbs energy.

o 3. When a vapor condenses to al liquid, energy is given off.
o 4. When a liquid boils, energy is absorbed.

10.4 HEAT TECHNOLOGY

N @TITED A Hot-Water Heating System

Smoke outlet —

et |
Air heated by the —F = Af :
radiators circulates \ -
in the room by o Radiators =——__ =
convection currents. v =

’ I
|| -y r—
Pump

Ay s

An expansion ——— "
tank handies the

increased volume of

the heated water. — Hot-water heater




10.4 HEAT TECHNOLOGY
E€TEED A Warm-Air Heating System

T Smoke outlet
S =1 Warm air is circulated
: Vent in the rooms by
y \ A convection currents,

Filter

10.4 HEAT TECHNOLOGY

o Insulation: material that reduces the transfer of thermal
energy.
o Helps maintain warmth in winter, cool in summer.

o Which parts of the roof are insulated?

Figure 3 Millions of tiny air
pockets in this insulation help
prevent thermal energy from
flowing Into or out of @ building.
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10.4 HEAT TECHNOLOGY

o Do blankets provide thermal energy?

10.4 HEAT TECHNOLOGY
o Solar Heating

Solar energy
collector

P o — e

-2 h |
g
Al
Chl ik walls g
windows that face south.

—

Active solar b ms
oﬂmmmmm
a network of pipes, pumps, a
fan, and a water storage tank.

Nl

i

e

f/g_
\

l
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10.4 HEAT TECHNOLOGY

o Heat engine: burn fuel to release heat (energy) to do work
@TXD An External Combustion Engine

Steam enters through
the open valve. l
L)

Steam exits the

Cylinder Piston Cylinder Piston

© The expanding steam enters the cyfinder ©) As the piston moves to the other side, a second
from one side. The steam does work on valve opens, and steam enters. The steam does
the piston, lorcing the piston to move, work on the piston and moves it back. The motion
of the piston tums a flywheel.

10.4 HEAT TECHNOLOGY
m An External Combustion Engine

Steam enters through
the open valve. l
L)

Cylinder Piston Cylinder Piston

© he expanding steam enters the cylinder ©) As the piston moves to the other side, a second
from one side. The steam does work on valve opens, and steam enters. The steam does
the piston, lorcing the piston to move, work on the piston and moves it back. The motion
of the piston tums a flywheel,
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© When the liquid passes ,
the expansion Low
W'h:h‘“ goes from a i

10.4 HEAT TECHNOLOGY

o Thermal pollution

T o

| —
. L e S

Cool water
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