Temperature

W v rerms — IO
temperature > Define temperature in terms of the average kinetic energy
thermometer of atoms or molecules.
absolute zero P Convert temperature readings between the Fahrenheit,
heat Celsius, and Kelvin scales.

P Recognize heat as a form of energy transfer.

B temperature a measure of People use temperature readings, such as those shown in
how hot (or cold) something Figure 1, to make a wide variety of decisions every day. You
is; specifically, a measure of check the temperature of the outdoor air to decide what to wear,

the average kinetic energy of

o = . The temperature of a roasting turkey is monitored to see if it is
the particles in an object p g y itis

properly cooked. A nurse monitors the condition of a patient by
{11t checking the patient’s body temperature. But what exactly is it
that you, the cook, and the nurse are measuring? What does the
temperature indicate? :

Temperature and Energy

When you touch the hood of an automobile, you sense how hot
it » or cold it is. In everyday life, we associate this sensation of hot or
' - cold with the temperature of an object. However, this sensation
ey serves only as a rough indicator of temperature. The Quick

Figure 1 - : T
1l . Activity on the next page illustrates this point.
H! Many decisions are made based

on temperature.
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Sensing Hot and Cold

For this exercise you will need three bowls.

1. Put an equal amount of water in all three
bowls. In the first bowl, put some cold tap
water. Put some hot tap water in the second
bowl. Then, mix equal amounts of hot and
cold tap water in the third bowl.

2. Place one hand in the hot water and the
other hand in the cold water. Leave them
there for 15 s.

3. Place both hands in the third bowl, which
contains the mixture of hot and cold water.
How does the water temperature feel to
each hand? Explain.

As you know, all particles in a substance are constantly mov-
ing. Like all moving objects, each particle has kinetic energy. If
we average the kinetic energy of all the particles in an object, it
turns out that this average kinetic energy is proportional to the
temperature of the object.

In other words, as the average kinetic energy of an object
increases, its temperature will increase. Compared to a cool car
hood, the particles in a hot hood move faster because they have
more kinetic energy. But how do we measure the temperature of
an object? It is impossible to find the kinetic energy of every par-
ticle in an object and calculate its average. Actually, nature pro-
vides a very simple way to measure temperature directly.

Common thermometers rely on expansion
- Icicles forming on trees, flowers wilting in the sun, and the red
~ _glow of a stove-top burner are all indicators of certain tempera-
ture ranges. You feel these temperatures as hot or cold. How you
sense hot and cold depends not only on an object’s temperature
but also on other factors, such as the temperature of your skin.
To measure temperature, we rely on a simple physical prop-
. erty of substances: most objects expand when their temperatures
increase. Ordinary thermometers are based on this principle
- and use liquid substances such as mercury or colored alcohol that
- expand as their temperature increases and contract as their tem-
~ Derature falls, because of energy exchange.
. For example, the thermometer shown in Figure 2 can meas-
:“}‘e the temperature of air on a sunny day. As the temperature
Ifl?%es, the particles in the liquid inside the thermometer gain
kinetic energy and move faster. With this increased motion, the
E'articles in the liquid move farther apart causing it to expand
4nd rise up the narrow tube.

B thermometer an instru-
i

ment that measures and i
indicates temperature 1

Figure 2 i
A liquid thermometer uses the 3
expansion of a liquid, alcohol
or mercury, to indicate

changes in temperature.
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Thermometers can use different methods

= 0°C 20 Liquid thermometers can measure only temperatures within g
¢ certain range. This is because below a certain temperature, the
liquid used in the thermometer freezes. Also, above a certaip
Bimetallic temperature the liquid boils. Therefore, different types of ther
_strip mometers are designed to measure extreme temperatures.

A refrigerator thermometer is based on the expansion of
metal, as shown in Figure 3. The thermometer contains a cojl
made from two different metal strips pressed together. Both
strips expand and contract at different rates as the temperature
changes. As the temperature falls, the coil unwinds moving the

pointer to the correct temperature. As the temperature rises, the

Iron

Copper ISISNNNSSSSSSSSS /] winds up moving the pointer in the opposite direction.

Room t s - . }
RpY Erperane A digital thermometer, shown in Figure 4, is designed to meas-

ST . .

R ure temperature by noting the change in current. Changes in
ot temperature also cause electric current to change.

' Cold

Fahrenheit and Celsius are common scales

used for measuring temperatures

The units on the Fahrenheit scale are called degrees Fahrenheit,
or °F. On the Fahrenheit scale, water freezes at 32°F and boils at

Figure 3
A refrigerator thermometer uses
the bending of a strip made from
two metals to indicate the correct
temperature. 212°F.
Most countries other than the United States use the Celsius
(or centigrade) scale. This scale is widely used in science. The
Celsius scale gives a value of 0°C to the freezing point of water

#.«r?‘“ and a value of 100°C to the boiling point of water at standard

. /4"" y ’,'}2 atmospheric pressure. The difference between these two points is
¢ divided into 100 equal parts, called degrees Celsius, or °C. ‘
o A degree Celsius is 1.8 times as large as a degree Fahrenbheit.

Also, the temperature at which water freezes differs for the two
scales by 32 degrees. To convert from one scale to the other, use
Figure 4 one of the following formulas. '

A digital thermometer uses
changes in electricity to
measure temperature. Conversion Equations

¢

L e
oo R St 2 |

| Fahrenheit temperature = 1.8 X Celsius temperature| + 32.0

internet connect E :
Tg= 1.8t + 32.0

e AT

www.scilinks.org 1
Topic: Temperature ' . _ )
Scales ‘Celsius temperature = (Fahrenheit temperature — 32.0) )
SciLinks code: HK4138 L 1

. T-—32.0 -
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The Kelvin scale is based
~ on absolute zero
You have probably heard
~ of negative temperatures,
such as those reported on
‘* extremely cold winter
days in the northern
_ United States and Canada.
- Remember that tempera-
. ture is a measure of the
| average kinetic energy of
the particles in an object.
Even fai below 0°C these
particles are moving and
therefore have some
~ kinetic energy. But how
low can the temperature
fall? Physically, the lowest
 possible temperature is
~ -273.16°C. This tempera-
ture is referred to as
absolute zero At abso-
lute zero the energy of an
object is zero. That is, the
energy of the object cannot
~ be any lower.
r.' Absolute zero is the
. basis for another tempera-
ture scale called the Kelvin scale. On this scale, 0 kelvin, or O K,
is absolute zero. Since the lowest possible temperature is
“assigned a zero value, there are no negative temperature values
on the Kelvin scale. The Kelvin scale is used in many fields of sci-
ence, especially those involving low temperatures. The three tem-
‘Perature scales are compared in Figure 5.
~ In magnitude, a unit of kelvin is equal to a degree on the
Celsius scale. Therefore, the temperature of any object in kelvins
,’ 0 be found by simply adding 273 to the object’s temperature in
Segrees Celsius. The equation for this conversion is given below.

Temperature Values on leferent Scales

Fahrenhelt . Celsiu

| Celsius-Kelvin Conversion Equation

Kelvin temperature = Celsius temperature + 273
T=1t+273

1 280
13 270

(88 26D

H 230

HEAT AND TEMPERATURE

Examples

s Water boils

‘—— Summer day in desert

m=— Human body temperature
e \Warm room

= Cool room
Cold room

= \\ater freezes

—— Winter day in plains

18 250 .

= Winter day in tundra

Figure 5

Temperature on the Celsius

scale can be converted to both
Fahrenheit and Kelvin scales. Note
that all Kelvin temperatures are
positive.-

[ absolute zero the tempera-
ture at which molecular
energy is at a minimum (0 K
on the Kelvin scale or
—273.16°C on the Celsius scale)
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I_Temperature Scale Conversion The highest atmospheric
temperature ever recorded on Earth was 57.8°C. Express this
temperature both in degrees Fahrenheit and in kelvins.

SPACE SCIENCE
From cold deep

W space to hot stars,

& astronomers meas-
ure a wide range of
temperatures of objects in the
universe. All objects produce
different types of electromag-
netic waves depending on their
temperature. By identifying the
distribution of wavelengths an
object radiates, astronomers
can estimate the object’s
temperature.

Light (an electromagnetic
wave) received from the sun
indicates that the temperature
of its surface is 6000 K. If you
think that is hot, try the center
of the sun, where the tempera-
ture increases to 15 000 000 K!

D List the given and unknown values.

) Given: ¢ = 57.8°C )
Unknown: 7,=?°F T=?K

B Write down the equations for temperature conversions.
Tp=1.8t+32.0
T=t+273

Insert the known values into the equations, and solve.
Tp=(1.8X57.8)+32.0 =104 + 32.0 = 136°F
T=578+273=331K

= Practice ———_ —

Temperature Scale Conversion

1. Express these temperatures in degrees Fahrenheit and in kelvins.
a. the boiling point of liquid hydrogen (~252.87°C)
b. the temperature of a winter day at the North Pole (-40.0°C)
¢. the melting point of gold (1064°C)

2. Make the necessary conversions to complete the table below.

Example Temp. (°C) Temp. ('F) Temp. (K)
Air in a typical 21 ? ?
fiving room
&
PHYS’CA‘:‘;(:ZR&E Metal in a running ? ? 388
- .
L car engine
Disc One, Module 7. Heat Liquid nitrogen -200 ? ?
Use the Interactive Tutor to learn more Air on a summer ? 110 7

about these topics.

day in the desert

3. Use Figure 5 to determine which of the following is a likely tempera-
ture for ice cubes in a freezer.

a. —20°C €. 253K
b. - 4°F d. all of the above

4. Use Figure 5 to determine which of the following is the nearest
value for normal human body temperature.

a. 50°C €. 310K
b. 75°F d. all of the above




\ pelating Temperature to Energy Transfer

'I-.. hen you touch a piece of ice, it feels very cold. When you step
into a hot bath, the water feels very hot. Clasping your hands
~ together usually produces neither sensation. These three cases

can be explained by comparing the temperatures of the two

. objects that are making contact with each other.

A The feeling associated with temperature difference
| results from energy transfer
~ Imagine that you are holding a piece of ice. The temperature of
" jce is lower than the temperature of your hand; therefore, the
. molecules in the ice move slowly compared with the molecules in
~ your hand. As the molecules on the surface of your hand collide
- with those on the surface of the ice, energy is transferred to the
ice. As a result, the molecules in the ice speed up and their kinetic

. energy increases. This causes the ice to melt.

{oi] gl

How do temperature and energy relate?

_EM’ai:erials glass beaker thermometer graduated cylinder
tongs clock 40 identical small metal washers
2 pieces of string, electric hot plate 2 plastic-foam cups
20 cm each

1. Tie 10 washers on one piece of string and 8. Repeat steps 6 and 7 by placing the10 washers
30 washers on another piece of string. in the other plastic-foam cup.

2. Fill the beaker two-thirds full with water, lower the

Analysi
washers in, and set the beaker on the hot plate. alysts

1. Which cup had the higher final temperature?

3. Heat the water to boiling.
8 2. Both cups had the same starting temperature.

4. Whi .
While the water heats, put exactly 50 mL of cool Both sets of washers started at 100°C. Why did
water in each plastic-foam cup.

one cup reach a higher final temperature?

5. Use a thermometer to measure and record the
initial temperature of water in each cup.

- 6. When the water in the beaker has boiled for
about 3 minutes, use tongs to remove the group
of 30 washers. Gently shake any water off the
washers back into the beaker, and quickly place
the washers into one of the plastic-foam cups.

1. Observe the change in temperature of the cup’s
Wwater. Record the highest temperature reached.
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I heat the energy transferred
between objects that are at
different temperatures

HEALTH
Food supplies the
human body with
energy. An active
120 Ib teenager on
a typical diet takes
in and expends about 2400
Calories (4.187 X 107J) per
day, or 48.5 J/s. Much of this
energy is eventually transferred
away as heat, which is why

a full classroom feels hotter
toward the end of class.

SUMMARY

P Temperature is a measure
of the average kinetic
energy of an object’s
particles.

» On the Celsius temperature
scale, water freezes at 0°
and boils at 100°.

P A kelvin is the same size as
a degree Celsius. The low-
est temperature possible—
absolute zero—is 0 K.

> At absolute zero, particle
kinetic energy is minimal.

P Heat is the energy trans-
ferred between objects
with different temperatures.
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Temperature changes indicate an energy transfer

The energy transferred between the particles of two objects dye
to a temperature difference between the two objects is calleg
heat. This transfer of energy always takes place from a syh.
stance at a higher temperature to a substance at a lower tempera.
ture. For example, if you hold a glass of ice water in your hands, -
energy will be transferred as heat from your hand to the glass,
However, if you hold a very hot cup of water, energy will be trans-
ferred as heat from the cup to your hand.

Because temperature is an indicator of the average kinetic 3
energy of internal particles, you can use temperature to predict
which way energy will be transferred. Internal kinetic energy will
be transferred as heat from the warmer object to the cooler
object. So, when this energy is transferred from the hot water in
the cup to your skin, the temperature of the water falls while the
temperature of your skin rises.

When both your skin and the cup in your hand approach the
same temperature, less energy is transferred from the cup to your
skin. To continue the transfer of energy, enough energy must be
added to the water as heat to keep the water’s temperature higher
than the skin's temperature. The greater the difference in the
temperatures of the two objects is, the greater the amount of
energy that will be transferred as heat is.

1. Define absolute zero in terms of kinetic energy of particles.

2. Predict which molecules will move faster on average: water
molecules in hot soup or water molecules in iced lemonade.

3. Predict whether a greater amount of energy will be trans-
ferred as heat between 1 kg of water at 10°C and a freezer at
—15°C or between 1 kg of water at 60°C and an oven at 65°C.""

4. Critical Thinking Determine which of the following has a
higher temperature and which contains a larger amount
of total kinetic energy: a cup of boiling water or Lake
Michigan.

= (IR —— =

5. Convert the temperature of the air in an airconditioned
room, 20.0°C, to equivalent values on the Fahrenheit and
Kelvin temperature scales.

6. Convert the coldest outdoor temperature ever recorded,
-128.6°F, to equivalent Celsius and Kelvin temperatures.
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SECTION

p
Energy Transfer

= QBJECTIVES _ B KEY TERMS

| » investigate and demonstrate how energy is transferred by thermal conduction
| conduction, convection, and radiation. convection

| » 1dentify and distinguish between conductors and insulators. CORVECHIOR current
il p -Solve problems involving s ecific heat radiation

' P gsp . specific heat

hile water is being heated for your morning shower, your
W breakfast food is cooking. In the freezer, water in ice trays
becomes solid after the freezer cools the water to 0°C. Outside, L 1!'
,#

I!

the morning dew evaporates soon after light from the rising sun
strikes it. These are all examples of energy transfers from one

object to another.

"B internet connect =,

www.scilinks.org
Topic: Energy Transfer
SciLinks code: HK4048

SCf s st

Methods of Energy Transfer

The transfer of heat energy from a hot object can occur in three

ways. Roasting marshmallows around a campfire, as shown in

Figure 6, provides an opportunity to experience each of these
~ three ways.

Teachers Assaciation

3 Figure 6 Ways of Transferring Energy

B} Conduction transfers energy 5 ¥
as heat along the wire and into
the hand.

@ Embers swirl upward in the
convection currents that are cre- 1
ated as warmed air above the i
fire rises.

@ Electromagnetic waves emit- Lk
ted by the hot campfire transfer
energy by radiation. g
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[l thermal conduction
the transfer of energy as
heat through a material

[ convection the movement
of matter due to differences
in density that are caused by
temperature variations

4

air

\ Warmk_
L r
Convectlon Convectlon
currents currents
Figure 8
Al During convection, energy is car-
AR ried away by a heated fluid that
AN expands and rises above cooler,
1 denser fluids.
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Conduction involves objects in direct contact

Imagine you place a marshmallow on one end of a wire made
from a metal coat hanger. Then you hold the other end of the
wire while letting the marshmallow cook in the campfire flame.

Soon, the end of the wire you are holding will get warmer. This -

is an example of energy transfer by thermal conduction.

Conduction is one of the methods of energy transfer .

Conduction takes place when two objects that are in contact are
at unequal temperatures. It also takes place between particles
within an object. In the case of the wire in the campfire, the rap-
idly moving air molecules close to the flame collide with the
atoms at the end of the wire. The energy transferred to the atoms
in the wire causes them to vibrate rapidly. As shown in Figure 7,
these rapidly vibrating atoms collide with slowly vibrating atoms,
transferring energy as heat all along the wire. The energy is then
transferred to you as the wire’s atoms collide with the molecules
in your skin, creating a hot sensation in your hand.

Convection results from the movement of warm fiuids

While roasting your marshmallow, you may notice that tmy
glowing embers from the fire rise and begin to swirl, as shown in
Figure 6. They are following the movement of air away from the
fire. The air close to the fire becomes hot and expands so that
there is more space between the air particles. As a result, the air
becomes less dense and moves upward, carrying its extra energy

with it, as shown in Figure 8. The rising warm air is replaced by

cooler, denser air. The cooler air then becomes hot by the fire
until it also expands and rises. Eventually, the rising hot air cools,
contracts, becomes denser, and sinks. This is an example of
energy transfer by convection.

Convection involves the movement of the heated substance
itself. This is possible only if the substance is a fluid—either
a liquid or a gas—because particles within solids are not as free

to move.




Heated fluids have convection currents

. The cycle of a heated fluid that rises and then cools and falls is

. called a convection current. When a pan of water is heated, the
molecules of water at the bottom of the pan gradually rise and
heat the molecules toward the top. The proper heating and cool-
ing of a room requires the use of convection currents. Warm air
expands and rises from vents near the floor. Tt cools and con-
iracts near the ceiling and then sinks back to the floor.
Eventually, the temperature of all the air in the room is increased

by convection currents.

Radiation does not require physical contact between objects

~ As you stand close to a campfire, you can feel its warmth. This
. warmth can be felt even when you are not in the path of a convec-
tion current. The energy that is transferred as heat from the fire in
this case is in the form of electromagnetic waves, which include
infrared radiation, visible light, and ultraviolet rays. The energy
that is transferred as electromagnetic waves is called radiation.
" You will learn more about electromagnetic radiation later.

When you stand near a fire, your skin absorbs the energy
radiated by the fire. As the molecules in your skin absorb this
_ energy, the average kinetic energy of these molecules—and thus
the temperature of your skin—increases. A hot object radiates
" more energy than a cool object, as shown in Figure 9.

Radiation differs from conduction and convection in that it

" does not involve the movement of matter. Radiation is therefore

the only method of energy transfer that can take place in a vacuum,

such as outer space. Much of the energy we receive from the sun
 is transferred by radiation.

Figure 9
 “hanges in Radiated Energy

[ convection current the ver-
tical movement of air currents
due to temperature variations

B radiation the energy that is
transferred as electromagnetic
waves, such as visible light
and infrared waves

R Quick),crviy o

Convection

Light a candle. Carefully ob-
serve the motion of the tiny
soot particles in smoke. They
move because of convection
currents.

s Before surgery, as seen in the infrared photo, the
~SETS are cooler than the rest of the hand. This results
Poor biood flow in this patient’s fingers.

3 After surgery, the blood flow has been restored,
so the temperature of the fingers increases. The amount
of energy they radiate also increases.
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Quick La b

What color absorbs more radiation?

Materials empty soup can, painted empty soup can, clock
black inside and out, label removed graduated cylinder
label removed 2 thermometers bright lamp or sunlight

"\

1. Prepare a data table with three columns and at a. starting temperature of water in cans
 least seven rows. Label the first column “Time,” b. volume of water in cans
the second column “Temperature of painted
can (°C),” and the third column “Temperature
of unpainted can (°C)”

¢. distance of cans from light
d. size of cans |

2. Pour 50 mL of cool water into each can. 4. Use your l:esults to explair.l why panels used for
solar heating are often painted black.

3. Place a thermometer in each can, and record - a
the temperature of the water in each can at the 5. Based on your results, what color would you
start. Leave the thermometers in the cans. Aim want your car to be in the winter? in the sum- s
the lamp at the cans, or place them in sunlight. mer? Justify your answer.

4. Record the temperature of the water in each can
every 3 minutes for at least 15 minutes.

Analysis

1. Prepare a graph. Label the x-axis “Time" and the
y-axis “Temperature!” Plot your data for each can
of water.

2. Which color absorbed more radiation?

3. Which variables in the lab were controlled
(unchanged throughout the experiment)? For each
of the following variables, explain your answer.

Conductors and Insulators

When you are cooking, the pan must conduct energy to heat the = g
food, but the handle must be insulated from the heat so that you
can hold it. If you are using conduction to increase the tempera-
ture of a substance, you must use materials through which
energy can be quickly transferred as heat. Cooking pans are usu-
ally made of metal because energy is passed quickly between the
particles in most metals. Any material through which energy cail
be easily transferred as heat is called a conductor.

Many people try to avoid wasting energy. It is most often
wasted by energy transfer through the roof or the walls of your
home. You can reduce this energy transfer by using poor cob-
ductors, called insulators or insulation. Insulation in the attic or
walls of homes helps to prevent unwanted energy transfer.
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“ Energy transfers through
| particle collisions

 Gases are extremely poor
. conductors because their
'_ particles are far apart, and
iransfer of energy is less
likely to occur. The parti-
cles in liquids are more
dosely packed. However,
while liquids conduct bet-
ter than gases, they are
not effective conductors.
'Some solids, such as
" rubber and wood, con-
" duct energy about as well
~ as liquids. So, rubber and
~ wood are good insula-
" tors. Some solids are bet-
~ter conductors than other
solids. Metals, such as
copper and silver, con-

Figure 10 Y

The skillet conducts energy from
the stove element to the food.
The wooden spoon and handle
insulate the hands from the
energy of the skillet.

. duct energy as heat very well. Metals, in general, are better con- www.scilinks.org
ductors than nonmetals. Topic: Insulators
Examples of conductors and insulators are shown in Figure 10. SciLinks code: HK4073
" The skillet is made of iron, a good conductor, so energy is trans- SC[I NKS Waimkadbyle
, . Teachers Assoclation .-

ferred effectively as heat to the food. Wood is an insulator, so the
energy from the hot skillet won't reach your hand through the
- wooden spoon or the wooden handle.

Quickicvy,
Conductors and Insulators

For this activity you will need several flatware utensils. Each one
should be made of a different material, such as stainless steel,
] aluminum, and plastic. You will also need a bowl and ice cubes.

1. Place the ice cubes in the bowl. Position the utensils in
the bowl so that an equal length of each utensil lies under
the ice.

2. Check the utensils’ temperature by briefly touching each
utensil at the same distance from the ice every 20 s. Which
utensil becomes colder first? What variables might affect
your results?
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Specific Heat A
You have probably noticed that a metal spoop, 1
like the one shown in Figure 11, becomes }101
when it is placed in a cup of hot liquid. Yoy
have also probably noticed that a spoon made

of a different material, such as plastic, does noi
become hot as quickly. The difference between
the final temperatures of the two spoons
depends on whether they are good conductors
or good insulators. But what makes a substancé :

a good or poor conductor depends in part on ‘
how much energy a substance requires to
change its temperature by a certain degree.

Figure 11

The spoon’s temperature specific heat describes how much energy is required to raise

increases rapidly because of .

the spoon’s low specific heat. an object’s temperature

Not all substances behave the same when they absorb heat
energy. For example, a metal spoon left in a metal pot becomes -'
hot seconds after the pot is placed on a hot stovetop burner. This
is because a few joules of energy are enough to raise the spoon’s
temperature substantially. However, if an amount of water with
the same mass as the spoon is placed in the same pot, that same
amount of energy will produce a much smaller temperature
change in the water.

B specific heat the quantity For all substances, specific heat is a characteristic physical =
of heat required to raise a unit  property, which is denoted by c. In this book, we will think of spe-
mass of homogenous material  cific heat of any substance as the amount of energy required to
].K or 1°C in a specified way raise 1 kg of that substance by 1 K.
given constant pressure and _ . . .o
volume Some values for specific heat are given in Table 1. They are in

units of J/kgeK, meaning that each is the amount of energy in J
needed to raise the temperature of 1 kg of the substance by
exactly 1 K.

iR
it
Lid |
+H
it
!':";;!‘.

Table 1 Specific Heats at 25°C

Substance c (J/kgeK) Substance c ()/kgeK)
Water (liquid) 4186 Copper 385
Steam 1870 Gold 129 ‘
Ammonia (gas) 2060 Tron 449
Ethanol (liquid) 2440 Mercury 140
Aluminum 897 Lead 129 &
Carbon (graphite) 709 Silver 234 »g
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On a hot summer day, the temperature of the water in a
swimming pool remains much lower than the air temperature
and the temperature of the concrete around the pool. This is due
to water’s relatively high specific heat as well as the large mass of
water in the pool. Similarly, at night, the concrete and the air cool
off quickly, while the water changes temperature only slightly.

————— i —— ——— —————

specific heat can be used in calculations

. Because specific heat is a ratio, it can be used to predict the
- effects of larger temperature changes for masses other than 1 kg.
" For example, if it takes 4186 J to raise the temperature of 1 kg of
. water by 1 K, twice as much energy, 8372 J, will be required to
. |aise the temperature of 2 kg of water by 1 K. But about 25 120 J
will be required to raise the temperature of the 2 kg of water by
3 K. This relationship is summed up in the equation below.

Specific Heat Equation
energy = (specific heat) X (mass) X (temperature change)
energy = cmAt

Specific heat can change slightly with changing pressure and
~ volume. However, problems and questions in this chapter will
~ assume that specific heat does not change.

e D ——

Spacific Heat How much energy must be transferred as
| heat to the 420 kg of water in a bathtub in order to raise the
. water’s temperature from 25°C to 37°C?
|
P K List the given and unknown values.

Given: At = 37°C — 25°C = A12°C=A12K
AT = 12K
m = 420 kg
¢ = 4186 JkgeK
_ Unknown: energy = ? J
‘B4 Write down the specific heat equation from this page.

energy = cmiAt

£l Substitute the specific heat, mass, and temperature

change values, and solve.
4186 J

X (420 kg) x (12
Jgo K (420 kg) X (12 K)
energy = 21 000 000 J = 2.1 X 10* kJ

energy =

, EARTH SCIENCE

2 from both convection
currents in the coastal
air and differences in the spe-
cific heats of water and sand or
soil. During the day, the tem-
perature of the land increases
more than the temperature of
the ocean water, which has a
larger specific heat. As a result,
the temperature of the air over
land increases more than the
temperature of air over the
ocean. This causes the warm air
over the land to rise and the
cool ocean air to move inland
to replace the rising warm air.
At night, the temperature of the
dry land drops below that of
the ocean, and the direction of
the breezes is reversed.
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- i e ] = . = e | : -
ctice Practic =
— HENT specific Heat

1. How much energy is needed to increase the temperature 43
755 g of iron from 283 K to 403 K?

P To rearrange the equation
to isolate temperature

change, divide both sides 2. How much energy must a refrigerator absorb from 225 g
of the equation by mc. of water so that the temperature of the water will drop : '
energy _ (E) At from 35°C to 5°C? I
me pac 3. A 144 kg park bench made of iron sits in the sun, and its
A = cmerey temperature increases from 25°C to 35°C. How many kilo—f o
mc joules of energy does the bench absorb? -
P Use this version of the 4. An aluminum baking sheet with a mass of 225 g absorbs = ]

tion for Practice . ..
SUAEDRIAGHE SHE 2.4 % 10* J from an oven. If its temperature was initially

Problem 4. ¢ what will i be?
» For Practice Problems 5 25°C, what will its new temperature be:
and 6, you will need to 5. What mass of water is required to absorb 4.7 x 10> J of
isolate m and c. energy from a car engine while the temperature increases
from 298 K to 355 K?
6. A vanadium bolt gives up 1124 J of energy as its temperature
drops 25 K. If the bolt's mass is 93 g, what is its specific heat9 -
[l sEcTion 2 REVIEW ~
SUMMARY 1. Describe how energy is transferred by conduction, convec-

tion, and radiation.

» Conduction is the transfer
of energy as heat between
particles as they collide
within a substance or

2. Predict whether the hottest part of a room will be
near the ceiling, in the center, or near the floor,
given that there is a hot-air vent near the floor.

SKI|

between objects in contact. Explain your reasoning.

» Convection currents are the 3. Explain why there are temperature differences on the moon’s
movement of gases and surface, even though there is no atmosphere present.
liquids as they become 4. Critical Thinking Explain why cookies baked near the

heated, expand, and rise,

then cool. contract, and fall turned-up edges of a cookie sheet receive more energy

" than those baked near the center.
P Radiation is energy transfer

by electromagnetic waves.

P Conductors are materials o
through which energy is 5. When a shiny chunk of metal with a mass of 1.32 kg

easily transferred as heat. absorbs 3250 T of energy, the temperature of the metal

» Insulators are materials that

conduct energy poorly. ver, lead, or aluminum?

» Specific heat is the energy 6. A 0.400 kg sample of glass requires 3190 J for its tempera-
required to heat 1 kg of a ture to increase from 273 K to 308 K. What is the specific

substance by 1'K. heat for this type of glass?
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increases from 273 K to 292 K. Is this metal likely to be sil- =

A
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SECTION

3

Using Heat

OBJECTIVES
. » Describe the concepts of different heating and cooling
systems.

» compare different heating and cooling systems in terms of
their transfer of usable energy.

» Explain how a heat engine uses heat energy to do work.

H eating a house in the winter, cooling an office building in the
summer, or preserving food throughout the year is possible
because of machines that transfer energy as heat from one place
to another: An example of one of these machines, an air condi-
' tioner, is shown in Figure 12. An air conditioner does work to
- remove energy as heat from the warm air inside a room and then
transfers the energy to the warmer air outside the room. An air
~ conditioner can do this because of two principles about energy
_ that you have already studied.
The first principle is that the total energy used in any
- process—whether that energy is transferred as a result of work,
'heat, or both—is conserved. This principle of conservation of
energy is called the first law of thermodynamics.
The second principle is that the energy transferred as heat

“always moves from an object at a higher temperature to an object

at a lower temperature.

o am

* Figure 12
@ A substance that easily
‘SVaporates and condenses is
Used in air conditioners to
ansfer energy from a room
10 the air outside.
J? When the liquid evapo-
1aies, it absorbs energy from
"€ surrounding air, thereby
@oling it,
Outside, the air condi-
€I causes the gas to con-
11Se, releasing energy.

B KEY TERMS

refrigerant
heat engine

Gaseous Liquid
refrigerant ____ refrigerant

WA )
B are s At
\ CL A B
&:‘\, / j( o ! Q*j_(;i)‘. ;,4 PN

y

A

HEAT AND TEMPERATURE 435




: Connettion to
SOCIAL STUDIES

In 1769, a Scottish engineer named James Watt
patented a new design that made steam
engines more efficient. During the next 50 years,
the improved steam engines were used to power
trains and ships. Previously, transportation had

depended on the work done by horses or the wind.

Watt's new steam engines were used in
machines and factories of the industrial revolution.
In 1784, Watt used steam coils to heat his office.
This was the first practical use of steam for heating.

Making the Connection

1. Old steam-powered riverboats are popular
tourist attractions in many cities. Make a list
of at least three other instances in which the
energy in steam is used for practical purposes.

2. What devices in older buildings function like the
steam coils Watt used for heating his office?

string that holds a pointed stick. The sharp end of the -2
placed in a small indentation in a stone. A small pile of
shavings is then put around the place where the stick and stog
make contact. A person then does work to move the bow badl
and forth. This energy is transferred to the stick, which turns '
idly. The friction between the stick and stone causes the te
ature to rise until the shavings are set on fire.

Some of the energy from food is transferred as heat to bl -
moving throughout the human body

You may not think of yourself as a heating system. But
are sick, your body maintains a temperature of about 37
(98.6°F), whether you are in a place that is cool or
Maintaining this temperature in cool air requires your -*"?
function like a heating system.

If you are surrounded by cold air, energy will be transfers
as heat from your skin to the air, and the temperature Of_.
skin will drop. To compensate, stored nutrients are broken
by your body to provide energy, and this energy is transfer 2
heat to your blood. The warm blood circulates through ¥&
Malntsined by tho B body, transferring energy as heat to your skin and incr
SR your skin’s temperature. In this way your body can maintas
constant temperature.

El internet connect ==

www.scilinks.org

Topic: Heating and
Cooling Systems

SciLinks code: HK4067

SC[INKS I
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Heating Systems

People generally feel and work their best i
the temperature of the air around them § ;
the range of 21°C-25°C (70°F-77°F), T +
the indoor temperature on colder days, -
must be transferred into a room’s air by 4
ing system. Most heating systems use a son
of energy to raise the temperature of a
stance such as air or water.

Work can increase average Kinetic energy
When you rub your hands together,

L{
become warmer. The energy you .‘*
your hands by work is transferred to the me
ecules of your hands, and their temperatus ....
creases. Processes that involve energy trans
by work are called mechanical processes,

Another example of a mechanical heatis
process is a device used in the past by certal
American Indian tribes to start fires. Th

device consists of a bow with a loop in the

QON



3 Heated water or air transfers energy as heat
in central heating systems
Most modern homes and large buildings have a central
heating system. As is the case with your body, when the
building is surrounded by cold air, energy is transferred
as heat from the building to the outside air. The temper-
ature of the building begins to drop.

A central heating system has a furnace that burns
coal, fuel oil, or natural gas. The energy released in the
furnace is transferred as heat to water, steam, or air, as

~ Solar heating systems also use warmed air or water

9 Cold-blooded animals, such as lizards and turtles, increase their
" body temperature by using external sources, such as the sun. You
may have seen these animals sitting motionless on rocks on
sunny days, as shown in Figure 14. During such behavior, called
basking, energy is absorbed by the reptile’s skin through conduc-
tion from the warmer air and rocks and by radiation from sun-
light. This absorbed energy is then transferred as heat to the
reptile’s blood. As the blood circulates, it transfers this energy to
all parts of the reptile’s body.

Solar heating systems, such as the one illustrated in Figure 15,
use an approach similar to that of a basking reptile. A solar col-
~ lector uses panels to gather energy radiated from the sun. This
. energy is used to heat water. The hot water is then moved through-
 out the house by the same methods other hot-water systems use.

Solar
collector |

Heat
exchanger

Figure 15

1 pipes a heat exchanger.

Furnace

shown in Figure 13. The steam, hot water, or hotairisthen  Figure 13

moved to each room through pipes or ducts. Because the  yot water, steam, and hot-air sys-
temperature of the pipe is higher than that of the air, tems heat buildings by circulating
energy is transferred as heat to the air in the room. heated fluids to each room.

Figure 14

Reptiles bask in the sun to raise
their body temperature.

An active solar heating sys-
tem moves solar-heated -
| Insulated  water through pipes and
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Figure 16

@ In a passive solar
heating system,
energy from sun-
light is absorbed in
a rooftop panel.

3 Pipes carry

the hot fluid that
exchanges heat
energy with the

air in each room.

El internet connect ==

www.scilinks.org
Topic: Conduction,
Convection, and

Radiation
SciLinks code: HK4027

Maintalned by the

SCf s izt

438 CHAPTER 13

The warm water can also e
pumped through a device calleq ;
heat exchanger, which transferg
energy from the water to a mass of
air by conduction and radiatioﬁ!;_.
The warmed air is then blowﬁ
through ducts as with other warm.
air heating systems.

Both of these types of solar heat.
ing systems are called active solay
heating systems. They require extra
energy from another source, such ag
electricity, in order to move the
heated water or air around. g

Passive solar heating systems, as s
shown in Figure 16, require no extra
energy to move the hot fluids through the pipe. In this type of sys-
tem, energy transfer is accomplished by radiation and convection
currents created in heated water or air. In warm, sunny climates,
passive solar heating systems are easy to construct and maintain
and are clean and inexpensive to operate.

Usable energy decreases in all energy transfers A

When energy can be easily transformed and transferred to
accomplish a task, such as heating a room, we say that the energy
is in a usable form. After this transfer, the same amount of energy o
is present, according to the law of conservation of energy. Yet less
of it is in a form that can be used.

The energy used to increase the temperature of the water in a )
hot-water tank should ideally stay in the hot water. However, itis
impossible to keep some energy from being transferred as heat to
parts of the hot-water tank and its surroundings. The amount of
usable energy decreases even in the most efficient heating systems.

Due to conduction and radiation, some energy is lost to the
tank’s surroundings, such as the air and nearby walls. Cold water
in the pipes that feed into the water heater also draws energy
from some of the hot water in the tank. When energy from elec-
tricity is used to heat water in the hot-water heater, some of the
energy is used to increase the temperature of the electrical wire, 1
the metal cover of the water heater, and the air around the water
heater. All of these portions of the total energy can no longer be
used to heat the water. Therefore, that energy is no longer in 2
usable form. In general, the amount of usable energy always |
decreases whenever energy is transferred or transformed. |




" [nsulation minimizes undesirable energy transfers

puring winter, some of the energy from the warm air inside a

' puilding is lost to the cold outside air. Similarly, during the sum-

|

mer, energy from warm air outside seeps into an air-conditioned

. puilding, raising the temperature of the cool inside air. Good

insulation can reduce, but not entirely eliminate, the unwanted

ransfer of energy to and from the building’s surroundings. As

" shown in Figure 17, insulation material is placed in the walls and
~ attics of homes and other buildings to reduce the unwanted

' transfer of energy as heat.

A standard rating system has been developed to measure the

. effectiveness of insulation materials. This rating, called the

R-value, is determined by the type of material used and the mate-

* rial’s thickness. R-values for several common building and insu-
. lating materials of a given thickness are listed in Table 2. The

greater the R-value, the greater the material’s ability to decrease
 gnwanted energy transfers.

- Cooling Systems

 ffyou quickly let the air out of a compressed-air tank like the one
psed by scuba divers, the air from the tank and the tank’s nozzle

 feel slightly cooler than they did before the air was released. This

" is because the molecules in the air lose some of their kinetic
energy as the air’s pressure and volume change and the temper-

ature of the air decreases. This process is a simple example of a
fg;ﬂoling system. In all cooling systems, energy is transferred as
heat from one substance to another, leaving the first substance
with less energy and thus a lower temperature.

Jable 2 R-Values for Some Common Building Materials

Substance R-value

| Drywall, 1.3 cm (0.50 in.) 0.45
“@Pd Shingles, (overlapping) 0.87
Flat glass, 0.318 cm (0.125 in) 0.89
. Hardwood siding, 2.54 cm (1.00 in.) 0.91

Vertical air space, 8.9 cm (3.5 in.) 1.01
B Wa@ng glass, 0.64 cm (0.25 in.) 1.54
C ,..f]{‘_‘gl?s? fiber, 2.54 cm (1.00 in.) 3.70
8rick, 102 cm (4.00 in.) 4.00
Fiberglass batting, 8.9 cm (3.5 in.) 10.90

R PR
Figure 17

Insulating materials, such as fiber-
glass and cellulose, are used in

most buildings to reduce the
loss of heat energy.

HEAT AND TEMPERATURE 439




I

[ refrigerant a material used
to cool an area or an object to
a temperature that is lower
than the temperature of the
environment

I BioLoGy
g;f?‘ In hot regions, the
‘,ﬁ.]. ears of many mam-

~ mals serve as cooling
systems. Larger ears
provide more area for energy
to be transferred from blood to
the surrounding air, helping the
animals to maintain their body
temperature. Rabbits and foxes
that live in the desert have
much longer ears than rabbits
and foxes that live in temper-
ate or arctic climates.

p‘l
W

440 CHAPTER 13

Cooling systems often use evaporation to
transfer energy from their surroundings
In the case of a refrigerator, the temperature of the air and food?
inside is lowered. But because the first law of thermodynamjeg
requires energy to be conserved, the energy inside the refrigery.
tor must be transferred to the air outside the refrigerator. If ygy
place your hand near the rear or base of a refrigerator, you wiij.
feel warm air being discharged. Much of the energy in this ajp
was removed from inside the refrigerator.

Hidden in the back wall of a refrigerator is a set of coiled’
pipes through which a substance called a refrigerant flows, a5
shown in Figure 18. During each operating cycle of the refrigera-
tor, the refrigerant evaporates into a gas and then condenses back
into a liquid.

Recall from the beginning of this section that evaporation
produces a cooling effect. Changes of state always involve the
transfer of relatively large amounts of energy. In liquids that are

good refrigerants, evaporation occurs at a much lower tempera-

ture than that of the air inside the refrigerator. When the liquid
refrigerant is in a set of pipes near the inside of the refrigerator,
heat energy is transferred from the air to the refrigerant. This
exchange causes the air and food to cool.

Figure 18

0 Liquid refrigerant
flowing through the
pipes inside a refrig-
erator cools the
compartment by
evaporation.

Q) Energy is
removed by the out-
side coils as the
warmed refrigerant
vapor cools and con-
denses back into

a liquid.




Condensation transfers energy to the surroundings

The refrigerant has become a gas by absorbing energy. This gas
~ moves to the section of coils outside the refrigerator, where elec-
irical energy is used to power a compressor. Pressure is used to
condense the refrigerant back into a liquid. Because condensa-
tion involves transferring heat energy from the vapor, the tem-
perature of the air outside the refrigerator increases. This
explains why the outside coils stay warm.

Air-conditioning systems in homes and buildings use the same
process that refrigerators use. As air near the evaporation coils is
~ cooled, a fan blows this air through ducts into the rooms and hall-
- ways. Convection currents in the room then allow the cool air to

circulate as displaced warmer air flows into return ducts.

Heat pumps can transfer energy to or from rooms
Heat pumps use the evaporation and condensation of a refriger-
ant to provide heating in the winter and cooling in the summer.
A heat pump is a refrigeration unit in which the cooling cycle can
be reversed.
As shown in Figure 19A, the liquid refrigerant travels through
the outdoor coils during the winter and absorbs enough energy
from the outside air to evaporate. Work is done on the gas by a
compressor, increasing the refrigerant’s energy. Then the refrig-
erant moves through the coils inside the house, as shown in
 Figure 79B. The hot gas transfers heat energy to the air inside the
house. This process warms the air while cooling the refrigerant
gas enough for it to condense back into a liquid.
, In the summer, the refrigerant is pumped in the opposite
direction, so that the heat pump functions like a refrigerator or
. anair conditioner. The liquid refrigerant absorbs energy from the
.~ air inside the house as it evaporates. The hot refrigerant gas is
- then moved to the coils, which are
. outside the house. The refrigerant
then condenses, transferring energy
- as heat to the outside air.

Figure 19

Q) Liquid refrigerant evaporates
in the outdoor coils as energy is
transferred from the air.

@ The hot refrigerant gas moves
through the coils into the indoor
portion of the pump, where the
refrigerant condenses back into a
liquid and transfers energy as heat
into the room.
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Heat Engines

B heat engine a machine that Heat engines convert potential chemical energy and interpy
transforms heat into mechani-  kinetic energy to mechanical energy by using the process of com. |
cal energy, or work bustion. The two main types of heat engines—internal combyg:

tion engines and external combustion engines—are named fop
where combustion takes place (inside the engine or outside the
engine). Examples of internal engines are the engines in cars apd
trucks. An example of an external engine is a steam engine. ]

Internal combustion engines burn fuel inside the engine

In an internal combustion engine, fuel burns in cylinders within
the engine. There are pistons inside the cylinders, as shown jp
Figure 20. Up and down movements, or strokes, of the pistong
cause the crankshaft to turn. The motion of the crankshaft is
transferred to the wheels of the car or truck, for example.

An automobile engine is a four-stroke engine, because four
strokes take place for each cycle of the piston. The four strokes
are called intake, compression, power, and exhaust strokes. e

Figure 21 illustrates the four-stroke cycle of the pistons in an

1 engine with a carburetor. A carburetor is another part of the
Wit engine, in which gasoline liquid becomes vaporized.
il Some engines have fuel injectors instead of carburetors. In
fuel-injected engines, only air enters the cylinder during the
intake stroke. During the compression stroke, fuel vapor is _
injected directly into the compressed air in the cylinder. The
other steps are the same as in an engine with a carburetor.

Figure 20

The pistons move within the cylin-
ders of the four-stroke engine to
turn the crankshaft, which trans-
fers motion to the wheels of the
car or truck.
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. Notall internal combustion engines work alike

k Diesel engines are also internal combustion engines, but they

work differently. A diesel engine has no spark plugs. Instead, the

. fuel-air mixture is compressed so much that it becomes hot

~ enough to ignite without a spark from a spark plug.

' In an internal combustion engine, only part of the potential
chemical energy is converted to mechanical energy. As engine
parts move, friction and other forces cause much of the energy to
be lost to the atmosphere as heat. In fact, an internal combustion

~ engine becomes so hot that a cooling system is used to cool the

engine.

Internal combustion engines vary in number of pistons

Most motorcycle engines have two cylinders. Automobile engines
usually have four, six, or eight cylinders. Because of the four-
stroke cycle, a four-piston engine can run efficiently with each
' piston at a different stroke of the cycle. However, engines with six
~ or eight cylinders have more power than four-piston engines.

Figure 21
B In the intake stroke, B In the compression (@ At the beginning [} The exhaust stroke
~ a mixture of fuel vapor stroke, the piston of the power stroke, a  takes place when the
and air is brought into  moves up and com- spark from the spark ~ piston moves up again
~ the ylinder from the  presses the fuel-air plug ignites the com-  and forces the waste
. carburetor as the pis-  mixture. pressed mixture and products to move out
~ ton moves downward. causes the mixture to  of the exhaust valve.

expand quickly and
move the piston down
to turn the crankshaft.
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APPLICATIONS

Buying Appliances Most
major appliances, including those
that involve the transfer of energy
as heat, are required by law to
have an Energyguide label
attached to them.

The label indicates the average
amount of energy used by the
appliance in a year. It also gives
the average cost of using the
appliance based on a national
average of cost per energy unit.

The Energyguide label provides
consumers a way to compare
various brands and models of
appliances.

BEOCOGNO0O00ONPNOLO0OOO00CDSPEO0OORO0OCOOEODCOTCOEOORETOCOHOCLOOOICOSOEOICRESEOSS

1. Explain how evaporation is a cooling process.

SUMMARY

» Heating and cooling sys-
tems regulate temperature
by transferring energy.

» Usable energy decreases
during any process in
which energy is transferred.

P The total amount of energy,
both usable and unusable,
is constant in any process.

» In heating systems, energy
is transferred to a fluid,
which then transfers its
energy to the air in rooms.

> Refrigerators and air condi-
tioners use the evaporation
of a refrigerant for cooling.

P Heat engines use heat to
do work.

444 CHAPTER 13

Applying Information

1. Use the Energyguide label
shown to find how much
energy the appliance uses
each hour.

2. What is the daily operating
cost of the appliance?

2. List one type of home heating system, and describe how it
transfers energy to warm the air inside the rooms.

3. Describe how energy changes from a usable form to a less
usable form in a building’s heating system.

4. Compare the advantages and disadvantages of using a solar
heating system in your geographical area.

5. Search the Internet to find information on how R-values of
insulation affect the environment.

6. Critical Thinking Water has a high specific heat, meaning it
takes a good deal of energy to raise its temperature. For
this reason, the cost of heating water may be a large part of
a monthly household energy bill. Describe two ways the
people in your household could change their routines, with-
out sacrificing results, in order to save money and energy
by using less hot water.

7. Critical Thinking Draw and describe each of the strokes of
an automobile engine. Explain how the spark-plug ignition
of compressed gas results in work done by the engine.
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( Math Skills

Order of Operations

A plate with a temperature of 95.0°C is placed in a vat of water with a temperature of
26.0°C. The equilibrium temperature of the plate and water is 28.2°C. The mass of the
plate is 1.5 kg, and the mass of the water is 3.0 kg. What is the plate’s specific heat?
To calculate this, first calculate the energy transferred as heat to the water. Then use
energy conservation, and rearrange the equation to calculate the plate’s specific heat.

D List all the given and unknown values.

Use this step to perform the first operation, which is calculating the
temperature change.

Given: temperature change of plate (At,u.e) = 95.0°C — 28.2°C
= A66.8°C = A66.8 K
temperature change of water (Atyqzer) = 28.2°C — 26.0°C
= A2.2°C = A22K
mass of plate (Mpjae) =1.5 kg
mass of water (My,qrer) = 3.0 kg
specific heat of water (Cuarer) = 4186 J/kg'K

Unknown: specific heat of plate (Cp/qze) (3/kgK)

B Write down the specific heat equation, and then rearrange it to calculate
the specific heat of the plate.

energy = cmAi = CwatermwzzterAtwazer

c _ energy
late —
e mplateAtplate

B Solve for energy, and then calculate the specific heat of the plate.

energy = (i’;i{] )X (3.0kg) X (22K) = 2.8 x 10°]

2.8 x 10%] 2.8 X 10% 7
_ = - K
Cplate = (75 1e) X (A66.8K) 1.0 X 107 kgoK 280 Hkgs

~ Follow the example above to calculate the following:

1. Suppose in the example problem that the water’s initial temperature was 29.0°C and
that the equilibrium temperature of the plate and water was 35.0°C. Assuming that the
plate’s properties are the same as those in the example, what would the mass of the
water be?
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USING VOCABULARY 22. Describe how a heat engine works, including
the four strokes of the heat-engine cycle.

15. Use the concepts of average particle kinetic
energy, temperature, and absolute zero to pre-

BUILDING MATH SKILLS

dict whether an object at 0°C or an object at
0 K will transfer more energy as heat to its
surroundings.

16. How would a thermometer that measures

temperatures using the Kelvin scale differ
from one that measures temperatures using
the Celsius scale?

17. Explain how water can transfer energy by

conduction and by convection.

18. Explain how convection currents form

updrafts near tall mountain ranges along
deserts, as shown in the figure below.

. Use the differences between a conductor and
an insulator and the concept of specific heat
to explain whether you would rather drink a
hot beverage from a metal cup or from a
china cup.

. If you wear dark clothing on a sunny day,
the clothing will become hot after a while.
Use the concept of radiation to explain this.

- Explain why ammonia, which has a boiling
point of —33.4°C, is sometimes used as a
refrigerant in a cooling system. Why would
ammonia be less effective in a heating
system?

23. Temperature Scale Conversion A piece of
dry ice, solid CO;, has a temperature of
—100°C. What is its temperature in kelvins
and in degrees Fahrenheit?

. Temperature Scale Conversion The temper-
ature in deep space is thought to be around

3 K.-What i$ 3 KAn degrees Celsius? in
degrees Fahrenheit?

. Specific Heat How much energy is needed
to raise the temperature of a silver necklace
chain with a mass of 22.5 g from room tem-
perature, 25°C, to body temperature, 37°C?
(Hint: Refer to Table 1 on p. 432)

. Specific Heat How much energy would be
absorbed by 550 g of copper when it is
heated from 24°C to 45°C? (Hint: Refer
to Table 1 on p. 432.)

BUILDING GRAPHING SKILLS

27. Interpreting Graphics Graph the Celsius-
Fahrenheit conversion equation, plotting
Celsius temperature along the x-axis and
Fahrenheit temperature on the y-axis. Use
an x-axis range from -100°C to 100°C, then
use the graph to find the following values:
a. the Fahrenheit temperature equal

to 77°C
b. the Fahrenheit temperature equal
to —40°C
. the Celsius temperature equal to 23°F
. the Celsius temperature equal to —17°F
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] CHAPTER 13

[ THINKING CRITICALLY

28. Applying Knowledge Explain how the
common thermometer works by expansion.
What expands, and how does that expansion
indicate the temperature?

29. Critical Thinking Describe and illustrate
how you think that a thermometer might
indicate temperature when the thermometer
uses the bending of a strip made from two
metals that expand at different rates.

30. Creative Thinking Imagine the particles
within an object that is receiving energy as
heat. Describe what is happening to individ-
ual particles and how what’s happening
would be related to temperature.

31. Applying Knowledge If two objects that
have the same temperature come into con-
tact with each other, what can you say
about the amount of energy that will be
transferred between them as heat?

32. Applying Knowledge If two objects that have
different temperatures come into contact with
each other, what can you say about their tem-
peratures after several minutes of contact?

33. Critical Thinking Search the Internet to find
two types of heat engines, and answer the fol-
lowing questions about each of them. Does
the engine take in heat energy and convert it
to mechanical energy? Or, does the engine
take in another form of energy and convert it
to mechanical energy? If it was another form,
what type of energy is taken in, and why do
you think the engines are called heat engines?

34. Critical Thinking When you get into your
car on a very hot day and the car windows
have been up, why do the buckles of the seat
belt feel very hot, while the seat belt itself

does not feel hot?

448 CHAPTER 13

35. Creative Thinking Why does a metal door- -
knob feel cooler to your hand than a carpet =
feels to your bare feet? £

6. Creative Thinking Why do the metal shades
of desk lamps have small holes at the top?

37. Creative Thinking Why does the tempera-
ture of hot chocolate decrease faster if you
place a metal spoon in the liquid?

38. Creative Thinking If you bite into a piece of
hot apple pie, the pie filling might burn your
mouth while the crust, at the same tempera-
ture, will not. Explain why.

39. Applying Technology Glass can conduct
some energy. Double-pane
windows consist of two
plates of glass sepa-
rated by a small
layer of insulating
air. Explain why a
double-pane win-
dow prevents more
energy from escaping
your house than a single-
pane window.

40. Understanding Systems Explain why win-
dow unit air conditioners always have the
back part of the air conditioner hanging out-
side. Why is it that the entire air-conditioner
cannot be in the room?

41. Making Decisions If the only factor consid-
ered were specific heat, which would make a
better coolant for automobile engines: water
or ethanol? Explain your answer.

42. Critical Thinking Explain why a refrigerant
must have a very low boiling point. Why i it
important that the refrigerant evaporates?



DEVELOPING LIFE/WORK SKILLS

43. Working Cooperatively Read the following
statements, and discuss with a group of
classmates which statement is correct.
Explain your answer.

a. Energy is lost when water is boiled.

b. The energy used to boil water is still pres-
ent, but it is no longer in a usable form
unless you use work or heat to make it
usable.

44. Allocating Resources In one southern state
the projected yearly costs for heating a home
were $463 using a heat pump, $508 using a
natural-gas furnace, and $1220 using electric
radiators. Contact your local utility company
to determine the projected costs for the three
different systems in your area. Make a table
comparing the costs of the three systems.

45. Interpreting and Communicating Suppose
that an internal combustion engine has a
25% efficiency, meaning that 25% of the
energy put into the engine is converted to
usable energy. Search the Internet for alter-
native energy sources that would have a
greater efficiency than you found from an
internal combustion engine. Report which
alternative energy source you would recom-
mend. Explain why you would recommend
that energy source.

. 46. Interpreting and Communicating In a
store, look at actual ENERGYGUIDE labels
attached to three different models of one
brand of any appliance you choose. From
the information provided on the labels, com-
pare those three models. Report to the class
which of the three models you found to be
the most energy efficient, according to the
information on the ENERGYGUIDE labels.

INTEGRATING CONCEPTS
47. Connection to Social Studies ‘mﬂ
Research the work of Benjamin SK' T2
Thompson. What was the prevail- =&
ing theory of heat during Thompson’s time?
What observations led to Thompson'’s theory?

48. Concept Mapping Copy the unfinished
concept map below onto a sheet of paper.
Complete the map by writing the correct
word or phrase in the lettered boxes.

Particles in an
object have

which can be
measured as

on the following
scales’

which takes which involves
place

the transfer of
which can ocour by

which does
not require

matter in
order to be
transferred

between two
objects or within
an object

‘the movement
of hot and
cold matter
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