Chapter 6 Electricity for Everyone

Laws of Thermodynamics:
Too Hot, Too Cold, Just Right

Section Overview

Students investigate how mixing hot and cold
water affects the water’s temperature. Using their
measurements and analysis, they make predictions
on what the final temperature of a mixture of hot
and cold water might be for given volumes of cold
and hot water. They explore the differences in how
the temperature changes when 60 g of cool water is
mixed with 100 g of hot water and how a piece of
hot metal of the same mass and initial temperature
as the hot water added to 60 g of cool water
affects its temperature. Their observations lead to
an extension of the law of conservation of energy
and provide evidence that supports the concept

of specific heat. Students apply this principle to
calculate the specific heat of the metal used in their
experiment. They are then introduced to the three
laws of thermodynamics and they apply them to
solve problems involving heat transfer and entropy.
They use this information to explain why it is
important for the HFE design to only heat as much
water as is needed. Students also consider how the
energy required to heat food and water might need
to be limited in their HFE design due to the energy
constraints.

Background Information

An object’s temperature is a measure of the average
kinetic energy of its atoms. As the average kinetic
energy of the atoms increases, the temperature

of the object increases. Heat transfers occur by
conduction, radioactive transfers, or convection.

Heat transferred by conduction requires two objects
of different temperatures to touch each other. Heat
energy from the warmer object is transferred to the
cooler object. This occurs due to collisions between
particles of the two objects in contact with each

other at the surface, and between more energetic

particles the objects are composed of. In this way,
the average kinetic energy of the particles of both
objects reaches equilibrium and the objects reach
the same temperature.

Heat can also be transferred by electromagnetic
radiation. In this case, the warmer object does not
need to be in contact with the cooler object. The
warmer object emits electromagnetic radiation that
is absorbed by the cooler object. This absorbed
electromagnetic radiation is transformed into the
kinetic energy in the cooler object, increasing its
temperature. A good example of this is the energy
transferred to Earth from the Sun.

A third way that heat energy is transferred is
through convection. In this process, a fluid
substance (gas or liquid) is heated in a given
location. The warmer fluid becomes less dense and
rises, while the cooler more dense fluid sinks toward
the warming source. This sets up what is known
as convection currents in the fluid. Convection is

a process that occurs due to buoyancy and does
not occur in situations involving zero gravity. The
heat energy transferred between particles on the
atomic level still occurs due to either collisions or
radioactive processes.

When an object is heated through a transition
phase, its average temperature does not change
until the entire substance has changed phase. The
heat energy transferred to or from the object while
it is changing phase is called latent heat and does
not contribute to the overall average kinetic energy,
rather, it contributes to the changing of bonds.

On a molecular level, solids have a lattice structure
that allows them to vibrate in place but not move
around each other. As a solid is heated its molecules
vibrate with greater amplitude and frequency.
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Section 7 Overview

This weakens the bonds holding them in their
lattice. If the heat energy continues to be transferred
to the substance, its molecules will move fast
enough to break the bonds that hold them in the
lattice. This occurs at the melting temperature.

As the solid melts, the temperature stays the same
because the atoms in the solid are still bound to

the lattice. Through collisions, energy is transferred
to these atoms until the entire solid melts. At this
point, the temperature will again begin to rise.

In a liquid, the molecules of the liquid adhere to
each other. As the liquid is heated, this adhesion
between molecules lessens until the boiling
temperature is reached and the molecules break the
bonds and fly apart, forming a gas. As this occurs,
the temperature and average kinetic energy of the
liquid remains the same. The added heat energy is
used to break the adhesive bonds. These processes
are reversed for condensation and freezing.

NOTES

All interactions involve some sort of heat transfer.
For electric circuits, the electrons flowing through
the conducting material collide with other

atoms within the material, transferring some of
their kinetic energy. This increases the average
kinetic energy of the atoms within the conductor
and increases their thermal energy. The circuit
becomes warmer than its environment and then
transfers heat energy to the environment through
collisions between the surfaces in contact and
through radioactive transfers. This warms up

the environment and is an example of entropy
increasing. Entropy can be thought of as the amount
of disorder or the amount of energy that can no
longer be harnessed to do work.
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Chapter 6 Electricity for Everyone

Crucial Physics

® Heat is a form of energy and can be transferred from a warmer object to a cooler object.

® The temperature of an object is a measure of the average kinetic energy of the particles that
make up the object.

e The specific heat of a material is a measure of how much energy is required to heat up
1 g of the material by 1°C.

® Energy is conserved. When heat is transferred from a warmer object to a cooler object,
the amount of energy transferred from the warmer object is equal to the amount of energy
transferred to the cooler object if the system is closed. This can be expressed as:

AQ,+AQ, =0
myc, (T = 1,) + mye, (T, = T,)) = 0

® Two objects in thermal contact reach thermal equilibrium and have the same final
temperature.

e The zeroth law of thermodynamics: If object A and object B have the same temperature, and
object B and object C have the same temperature, then object A and object C must have the
same temperature.

e The first law of thermodynamics: the heat energy added to a system is equal to the change in
internal energy of the system plus the work done by the system on its surroundings.

® The second law of thermodynamics: heat energy is transferred from warmer objects to
cooler objects and never goes from cooler objects to warmer objects spontaneously.

e Entropy is a thermodynamic property of a substance associated with the degree of disorder
in the substance. In irreversible processes such as the spontaneous transfer of heat energy
from a warmer object in contact with a cooler object, entropy increases.

Active Physics @



Section 7 Overview

Learning Outcomes

Location in the Section

Evidence of Understanding

after they are placed in thermal
contact.

Physics Talk

Physics to Go
Questions 4-6, and 8

Assess experimentally the final Investigate Students measure the temperatures of certain amounts

temperature when two liquids Steps 1-3 of hot water and cold water, mix them together, and

of different temperatures are measure their temperature. Students do this for different

mixed. volumes of cold water to determine the relationship
between changing the volume of cold water and the final
temperature of the warm/cold water mixture.

Assess experimentally the final Investigate Students plan and run an experiment to compare how

temperatures when a hot metal Step 5 temperature changes when hot and cool water are mixed

is added to cold water. compared to cool water with a piece of hot metal placed
init.

Calculate the heat lost and the Investigate Students read about specific heat and then calculate the

heat gained of two objects Step 6 specific heat of the metal they used in their experiment.

Students also calculate final temperatures and heat
transfers between objects in contact using equations
derived from the law of conservation of energy.

Discover if energy is conserved
when two objects are placed in
thermal contact and reach an
equilibrium temperature.

Physics Talk
Physics Essential Questions

Physics to Go
Questions 6, 8

Students read about conservation of energy and how this
is represented mathematically using the heat transfer
equation.

Explain the concept of entropy
as it relates to objects placed in
thermal contact.

Physics Talk

Students read about and discuss the laws of
thermodynamics, thermal energy, temperature, and
entropy. Using the concept of entropy, students explain
what happens when objects are in thermal contact, and
when the number of particles increases.

NOTES
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Chapter 6 Electricity for Everyone

Section 7 Materials, Preparation, and Safety

Materials and Equipment

. . Group
Materials and Equipment (@ students) Class

Graduated cylinder, plastic, 1 per arou
100 mL pergroup
Beaker, glass, 1L 1 per group
Stirring rod, glass, 8 in.-12 in. 1 per group
Thermometer 1 per group
Tongs, crucible, 18 in. 1 per group
Specific heat specimen, set 2 per class
Hot plate, student, electric 2 per class
Wire gauze, square, 4 in. x4 in.

. 2 per class
(w/ ceramic center)
Cup, styrene foam, 12 oz 2 per group
Paper, graph, pkg. of 50 1 per class
Water, cold, 1 L* 1 per group

*Additional items needed not supplied

Time Requirements

¢ Allow one and one-half class periods or
65 minutes to complete the Investigate portion of
this section.

Teacher Preparation

* A source of hot and cold water will be needed for
this Investigate. If hot water is not available, use
several hot plates to heat water before the start of
the Investigate. If heating the water in a beaker, be
certain to use borosilicate glass.

e Styrene-foam or similar cups should be used
to prevent excess heat being transferred to the
student’s hands or to the environment.

e Specific heat samples may be used for different
groups so that the specific heat of various
metals may be obtained. If these samples are not
available, brass hooked masses may be used.

e Tie a string to each of the specific heat samples to
be used sufficiently long so that the students may
gently lower them into the hot water. The samples
should stay in the water for approximately three
minutes to guarantee thermal equilibrium between
the hot water and the metal.

e A container with a handle is best for dispensing
the hot water to the students.

e Use a stirring rod to stir the water, not the
thermometer.

Safety Requirements

e Caution the students to be very careful pouring
the hot water. Hot water can cause severe burns.
If hot water is accidentally spilled on someone, the
immediate addition of cold water placed on the
injured area will reduce the heat and the extent of
the injury before seeking medical attention.

e Caution the students in the proper use of hot
plates. Even though the water may not be
dangerously hot, the hot plate will be hot enough
to cause severe burns.

e The thermometers should only be used for
measuring temperature, not to stir the water. If
a thermometer breaks, abide by your schools’
safety regulations for spilled mercury if a mercury
thermometer is used. If an alcohol thermometer is
used, carefully clean up all pieces immediately.

e Goggles are required for this Investigate.

e Use tongs or similar devices to remove heat
samples from the hot water.
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Section 7 Overview

Materials and Equipment

PLAN B

. . Group
Materials and Equipment (@ students) Class

Graduated cylinder, plastic, 1 per arou
100 mL per group
Beaker, glass, 1L 1 per group
Stirring rod, glass, 8 in.-12 in. 1 per group
Thermometer 1 per group
Tongs, crucible, 18 in. 1 per group
Specific heat specimen, set 2 per class
Hot plate, student, electric 2 per class
Wire gauze, square, 4 in. x4 in.

. 2 per class
(w/ ceramic center)
Cup, styrene foam, 12 oz 2 per group
Paper, graph, pkg. of 50 1 per class
Water, cold, 1 L* 1 per group

*Additional items needed not supplied

Time Requirements

* Allow one and one-half class periods or 65 minutes
to complete the Investigate portion of this section.

Teacher Preparation

e A source of hot and cold water will be needed for
this Investigate. If hot water is not available, use
several hot plates to heat water before the start of
the Investigate. If heating the water in a beaker, be
certain to use borosilicate glass.

e Styrene-foam or similar cups should be used to
prevent excess heat from being transferred to the
student’s hands or to the environment.

e Specific heat samples may be used for different
groups so that the specific heat of various
metals may be obtained. If these samples are not
available, brass hooked masses may be used.

e Tie a string to each of the specific heat samples to
be used sufficiently long so that the students may
gently lower them into the hot water. The samples
should stay in the water for approximately three
minutes to guarantee thermal equilibrium between
the hot water and the metal.

e A container with a handle is best for dispensing
the hot water to the students.

e Use a stirring rod to stir the water, not the
thermometer.

Safety Requirements

e Caution the students to be very careful pouring
the hot water. Hot water can cause severe burns.
If hot water is accidentally spilled on someone, the
immediate addition of cold water placed on the
injured area will reduce the heat and the extent of
the injury before seeking medical attention.

e Caution the students in the proper use of hot
plates. Even though the water may not be
dangerously hot, the hot plate will be hot enough
to cause severe burns.

® The thermometers should only be used for
measuring temperature, not to stir the water. If
a thermometer breaks, abide by your schools’
safety regulations for spilled mercury if a mercury
thermometer is used. If an alcohol thermometer is
used, carefully clean up all pieces immediately.

e Goggles are required for this Investigate.

e Use tongs or similar devices to remove heat
samples from the hot water.
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Chapter 6 Electricity for Everyone

Meeting the Needs of All Students

Differentiated Instruction: Augmentation and Accommodations

Learning Issue

Reading a
thermometer
scale

Reference

Investigate
Steps 1-3, and 5

Augmentation and Accommodations

Augmentation

e Students may struggle to read thermometers because they often cannot figure out
the number scale that is used on the thermometer. Also, if students can figure out
the scale, they often struggle with estimation.

e Draw a large-scale model of the specific thermometer used in class and ask students
to work in pairs to figure out the number scale.

e There are many Web sites that provide opportunities for students to practice
reading thermometers and provide feedback for correct and incorrect answers.

¢ Provide direct instruction and guided practice for students to learn how to make
accurate temperature measurements to the nearest degree, half of a degree, etc.

e Pair students who are struggling to read the temperature on the thermometer with
students who can easily make accurate readings and would take the time to show
someone else how to read it.

Making a data
table

Investigate
Step 3.3)

Augmentation

e Some students may be able to create their own data table without teacher
assistance, but other students may still have a difficult time making a table
independently. Organizing information is especially difficult for students with
learning disabilities or attention and focus difficulties.

¢ Ask students to make a short list of what information must be recorded to create
the graph in Step 3.b). Once their list is approved, students can create their table
and begin the experiment.

Accommodation

e Give students a blank data table to tape into their logs. The table may or may not
include the row and column headings, depending on the level of a student’s need.

Constructing a
graph

Investigate
Step 3.b)

Augmentation

e For students who struggle with their visual spatial and/or visual motor skills, provide
graph paper to help students locate the correct spot for plotting data points.

e Students who struggle with number concepts may have a difficult time setting up
the scales on the x and y-axes. Tell students to identify the highest value for each
axis and decide on an appropriate scale to allow all of the points to be plotted on
the graph. Provide opportunities to practice this skill.

e Teach students to use rulers or index cards to plot data points in the correct position.

Accommodation

e Teach students how to use a computer spreadsheet-application program to create
graphs. Computer programs are helpful accommodations for students with many
different kinds of disabilities, as long as instruction is provided to help students
learn how to use the programs.

Understanding
essential concepts

Physics Talk

Augmentation

e Students who struggle with reading comprehension will struggle to understand this
material without some teacher guidance.

¢ Ask students to make drawings to represent their understanding of temperature,
heat, and the laws of thermodynamics.

e Remind students to read the Checking Up questions before beginning their reading.

Accommodation

¢ Provide a guided reading sheet that includes page numbers and purposefully
directs students to pull important points out of the reading.

e Provide direct instruction to highlight the key points from this section.

Active Physics
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Learning Issue

Understanding
heat gain and
heat loss

Reference

Physics Talk

Physics to Go
Questions 4-9

Augmentation and Accommodations

Augmentation
¢ Positive and negative number concepts provide a challenge for students who
struggle with basic number concepts and number sense.

¢ Teach students, in reference to thermal energy, that positive numbers represent the

gain of energy and negative numbers represent the loss of energy.

¢ Many students try to put the larger number first in all subtraction problems,
especially when they are entering numbers into a calculator. Model the sample
problem and point out that final temperature is always first when calculating the
change in temperature.

Strategies for Students with Limited English-Language Proficiency

Learning Issue

Understanding
concepts, higher
order thinking

Reference

Active Physics
Plus

Augmentation

Patterns are an important concept in science. Help students identify the pattern
here, if necessary, and challenge them to come up with a way to represent the
pattern mathematically.

Critical thinking

Comprehension

Physics Essential
Questions

Why do you
believe?

Hold a class discussion about the question: “What do people mean when they

students may be confused about the everyday phrase “conserve energy,” now
that they have learned the law of conservation of energy. They will benefit from
discussion and explanation.

ask us to conserve energy, when you know that energy is always conserved?” ELL

Critical thinking

Physics to Go
Questions 5.¢),

Give students the opportunity to discuss their thoughts on these questions with
one another. Walk around the classroom, listening to their ideas. Clear up any

6.¢), and 8.¢)

misunderstandings with a brief class discussion.

Point out new vocabulary words in context and
practice using the words as much as possible
throughout the section. As you work through

the section, have students write the following
terms in their Active Physics log and add the
definitions in their own words: bedrock principle,
configurations, entropy, equilibrium temperature,
first law of thermodynamics, heat, irreversible, law
of conservation of energy, pendulum, second law
of thermodynamics, specific heat, surroundings,
temperature, thermodynamics, tongs, zeroth law
of thermodynamics.

There is much new vocabulary in this section. One
way to practice using the vocabulary is for students
to work in teams to write meaningful sentences
about the content in this section. Students should
strive to write simple sentences using the vocabulary
words. The goal is to use correctly as many words
as possible.

The rubric for grading these sentences should
include four elements: correct science, correct
usage of vocabulary, correct sentence structure
and grammar, and quantity of work.

Rapid feedback about students’ sentences is
essential, because the sentences and errors will

be fresh in the students’ minds. A good method

for providing this feedback is to prepare a list of
examples of incorrect sentences from the work
collected. Divide examples into the following
categories: incorrect science, incorrect usage of
vocabulary, incorrect sentence structure, and
incorrect grammar. Choose several examples to use
in each category and edit the sentences until they
contain only one or two obvious errors, or limit the
choices to these kinds of sentences. At the beginning
of class, on the day following the sentence-writing
activity, provide each student with a page containing
a double-spaced, typed list of the incorrect sentences
with headings for the categories. Allow students

10 minutes to silently make corrections to the
sentences. Then, place a copy of the list on the
overhead projector and collect students’ ideas on
how to repair the sentences, guiding them toward
correct science and English usage.

Active Physics
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Chapter 6 Electricity for Everyone

Teaching
Suggestions
and Sample
Answers

What Do You See?

The title of this section gives a
direct clue to what the artist is
trying to illustrate through the
What Do You See? section. You
could ask your students what they
think the relative temperatures

of the cups of cocoa are or

how the three bears might have
made their cups of hot cocoa at
different temperatures if they all
started with cocoa at the same
temperature. Consider using the
overhead of this illustration to
highlight its significant aspects.
Urge students to look at the labels
and facial expressions of the

bears closely before they form any
impression of what they think the
artist is trying to convey.

Students’ Prior Conceptions

Chapter 6 Electricity for Everyone

Section 7

Learning QOutcomes

In this section, you will

* Asgess experimentally the final
temperature when two liquids
of different temperatures are
mixed.

= Assess experimentally the final
temperature when a hot metal
is added to cold water.

Caleulate the heat lost

and the heat gained of two

ohjects after they are placed

in thermal contact.

= Discover if energy is conserved
wahen two objects are placed in
thermal contact and reach an
equilibrium temperature.

= Explain the concept of entropy

as it relates to abjects placed

in thermal contact.

Lawws of Thermodynamics:
Too Hot, Too Cold, Jusr Right

What Do You See?

What Do You Think?

As yvou add cold milk to hot coffee, vou expect thar the milk will
get a bit warmer and the coffee will get a bir colder.

» What determines the final temperature of the coffee and milk?
Record your ideas about this question in your Active Physics log.

Be prepared to discuss vour responses with your small group and
the class.

Investigate

In this investigation, you will determine the final temperature of a
cold water and hot water mixcure. Styrene-foam cups work well
as containers for this investigation. The insulation “protects™ the
experiment from the environment by reducing heat transfer with
anything outside of the cup.

Use a heat-proof holder, such as a glove
or tongs, while pouring.

D

In 2008, Dr. Robert Tinker of the Concord Consortium stated
that one of the most documented areas in science educational
research is students’ understanding and misconceptions about

heat and temperature. Yet, nuances in teaching and learning
about these topics persist. How do teachers lead students to

understand subtle differences between heat and temperature?

Leading students to make predictions, to measure and record
specific data, to model these data, and to reason about their
constructs in this Investigate is a positive approach.

1. Heat and temperature are often confused and some of
the confusion arises because of the terminology. Students
believe temperature is a measure of heat and they are
very resistant to changing this idea. A simple correlation
is to have students relate temperature to random thermal

motion. As the temperature of molecules increases, the
random kinetic energy of the molecules also increases.
Atoms speed up when their temperature rises. In the
investigation in which the hot metal interacts with the
cooler water and the temperature of the liquid increases,
students should be led to consider the kinetic energy of the
metallic molecules and their heat content. The role of mass
in determining the total energy available to be transferred
should be emphasized and how a subsequent change in
temperature of the energy receiving liquid depends upon
both the kinetic energy of the metal molecules (the initial
temperature) and how many molecules are present

(the mass).

Active Physics
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Section 7 Laws of Thermodynamics: Too Hot, Too Cold, Just Right

What Do You Think? What Do You Think?

Consider asking students what A Physicist’s Response

they think this section is about There are a few factors that determine the final temperature when two
and how it might connect with objects of different temperature are in contact with each other or are mixed
electric circuits and the Housing together, such as hot cocoa and cold milk. These factors are the mass of each

object, the initial temperature of each object, and the specific heat of each

for Everyone appliance package object. The specific heat of a substance is the amount of energy required to

they are designing. raise the temperature of 1 g of the substance by 1° Celsius.

The specific heat depends upon the atomic/molecular structure of the
Ask them what happens when a substance. In all cases, energy must be conserved. Heat energy is transferred
hot beverage is mixed with cold from the warmer substance (the hot cocoa) to the cooler substance (the

cold milk) and the cooler surroundings (the mug, and the air). If the system
is isolated from the surroundings, then all the energy transferred from the
warmer substance goes to the cooler substance. Energy is transferred from

milk. Then have them record
their ideas to this question

in their Active Physics logs. the warmer substance to the cooler substance until a thermal equilibrium is
Encourage them to discuss their reached. When the substances have reached thermal equilibrium, they have
ideas with their group members the same temperature.

and write their initial responses
on the board. At this stage, the
class discussion should motivate
students to think about the
physics concepts that they will
be investigating as they progress
through the section.

2. Students often believe that cold is transferred; the colder the concept of entropy. Students may believe that you n
object cools the warmer object. They do not reason that can never get a system less energetic than the way that it =
heat is transferred. Encourage careful measurements and started. This section may enable students to visualize what >
observations in the mixing of hot and cold liquids and what happens to the molecules of a system when heat energy is
happens to the temperature of each substance as they reach transferred; they may correctly reason that adding heat to 1
the equilibrium temperature. Listen carefully to students a system causes molecules and atoms to speed up. In order q
as they use their data to reason about what happens. They for a system to become more arranged, for the entropy m
should stipulate that heat flows from the warmer liquid; to decrease, energy must be transferred from within the
the warmer water loses heat as evidenced by its drop in system to outside the system. Emphasize this direction of ’
temperature, and into the colder object, as evidenced by its heat-energy transfer in the experiment where energy is
rise in temperature. subtracted from the metal and added to the water. The a

entropy of the water is, therefore, increased while the

3. Because students have naive constructs dealing with .
entropy of the metal is decreased.

the transfer of heat energy within a closed system, it is
natural to assume that they also reason incorrectly about

@ Active Physics



Chapter 6 Electricity for Everyone

Investigate

Teaching Tip

If a source of hot water is not
available, a coffee pot may

be used to safely dispense hot
water and keep it at the desired
temperature.

Students should take the
temperature of the hot water fairly
quickly to prevent heat loss, and
quickly complete Step 1. Consider
having students measure the
temperature of the cold water first.

Students should take the
temperature of the hot-cold water
mixture fairly quickly to prevent
heat loss. Stirring the hot-cold
water mix for 5 s will help produce
a more reliable temperature
measurement.

2.a)

1.

The “hot” water may either be
hot water from the tap, or water
heated by the teacher. Water
above 60°C is not necessary and

not recommended. The cold water

from the tap works well (usually
about 20°C).

1.a)

Students measure and record the
initial hot water temperature.

1.b)

Students measure and record the
initial cold water temperature.
Cold water from the tap (usually
about 20°C) works well.

1.¢)

Many students may predict

the temperature of the mixture
correctly, which is halfway
between the hot and cold value.

Students record the temperature

of the hot and cold water mixture.

If the measurements are correct,
the temperature should ideally

be halfway between the hot and
cold temperature. Some heat

may have been transferred to the
environment due to the open top;
however, this should be a minimal
amount.

2.b)

Students compare their prediction
to their measurements.

3.

The final temperatures of the
mixtures will vary depending
upon the initial temperature of
the water being mixed. When the
100 mL of hot water is poured
into the 50 mL of cold water,
the increase in temperature
should ideally be two-thirds

of the original difference in
temperatures.

For the 75-mL cold, the
temperature should ideally be
four-sevenths of the temperature
difference toward the hot
temperature from the cold. For
the 125-mL cold, the temperature
should ideally be five-ninths of the
temperature difference toward the
cold, etc. (These values come from
the fractional parts of the hot
water divided by the total parts of
water, e.g., 100-mL hot/(100-mL
hot + 75-mL cold) = 4/7.)

3.a)

Students create a data table and
record their measurements in it.
Students’ data tables should look
similar to the following:

Amount of cold
water (_ °C)
poured into
100 mL of hot

Final
temperature
of water
mixture (°C)

water (__ °C).
(mL)

75

100

125

150
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Section 7 Laws of Thermodynamics: Too Hot, Too Cold, Just Right

Section 7 Laws of Thermodynamics: Too Hot, Too Cold, Just Right

. Pour 100 mL of hot water into a
styrene-foam cup and measure the
temperature of the water. Pour 100-mL
of cold water into a second styrene-foam
cup and measure its temperature.

3 a) Record the remperature of the hot water.

A by} Record the temperature of the cold water,

A ¢) Predict the final temperature of the
mixture of hot and cold water,

2. Add the cold water to the hot water.
Measure the final temperature.

N 2] Record the temperature of the mixture,

A b) Compare your predicted value with
the recorded value.

hot water

=
cold water
5,

— styrene-
foam cup

3. Vary the experiment by changing the
amount of cold water. Mix 100 mL of
hot water with 50 mL of cold warer;
75 mL of cold water: 125 mL of cold
water; and 150 mL of cold water.

3 a) Make a data table. Record your
observations.

A b) Construct a graph of the results. Plot
the final temperature on the x-axis
and the amount of cold water added
on the y-axis.

A ¢) Use your graph to predict the final
temperature when 108 mL of cold
water is added to 100 mL of hot water.

4. Cool water can be heated with the
addirion of hot water. How well would
a piece of hot metal hear the cool
water? Plan an experiment to compare:
(1} the effect of adding 100 g of hot
water to a styrene-foam cup with 60 g
of cool water, with
(2) the effect of adding 100 g of metal
heated to the same temperature as the
hot water to a separate styrene-foam
cup with 60 g of cool water.

Clean uy illed water immediately.
Embﬁ floor so that no one slips.
One way to heat the metal is to place it
in a bath of hot water for three to five
minutes. The length of time you need
to keep the meral in the water bath
depends upon the size of the meral.
You can then use tongs to gently lift the
metal from the hot water. As soon as
the metal is out of the water, you will
need to hold it over several pieces of
paper towel folded to make a small mat
and shake off drops of the hot water
so that none of the hot water enters the
beaker with the cold water. You want to
try to place only the metal gently into
the cold warter.
Xa) Record your experiment design in
your log.
A'b) Predict whether the individual cups
of cool water will reach the same
final remperature.

A

e

) Do you think it matters what kind
of metal you use? For example, will
equal masses of copper or aluminum
produce the same final temperature?
Explain your answer.

Make sure that your design is approved
before you continue with the experiment.

@
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3.b)

3.c)

Students’ graphs should appear
similar to the one below:

final temperature

Students interpolate the value for
108 mL of cold water from their

graph.

Teaching Tip

If the students are heating the
metal in a glass beaker on a hot
plate, care should be taken that
the metal is not dropped in the
beaker, which may break. If the
water is heated to boiling, the
temperature will be most reliable,
since additional heat will not
affect the temperature

cold water amount

4.

Students design an experiment

to compare how cool water
warmed by hot water or a piece
of hot metal compares. Their
experiment should be similar to
the experiment they performed
with mixing different amounts of
water in Step 2.

4.a)

Students may predict that the
piece of metal will heat the water
more than the warm water, since
they are less used to hot metal
than hot water. Typically metal
holds about one-tenth the heat per
gram as compared to water, so the
effect of the water is expected to
be far greater for equal masses.

4.c)

Students probably will suspect
that the type of metal makes little
or no difference.

5.

Students’ experimental designs
should be approved before they
conduct the experiment. Pay
particular attention to safety
precautions with very hot water,
which can cause burns.

5.a)

Students complete their
experiments and record their data
in a table. The final temperatures
will depend upon the initial
temperatures, and the type of
metal used.
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Chapter 6 Electricity for Everyone

5.b)

Students observe that an equal
mass of hot metal does not warm
the cool water as much as the
hot water at the same initial
temperature.

6.a)

Based on the information in the
Physics Talk, students should
be able to calculate the metal’s
specific heat. If they correctly
understand specific heat, they
should realize that if a piece of
hot metal with a lower specific
heat was added to cold water, it
should result in less heat energy
transferred to the cold water and
a lower final temperature.

6.b)

Chapter & Electricity for Everyone

5. Conduct the experiment.

* hot water mixed with cool water
* hot metal mixed with cool water
A b) Did the hot metal warm the cool

water as much as an equal mass
of hot warer?

6. Read the first part of the Physics Talk,
Specific Hear.

A 4 Record the final temperature of each trial:

N a) Calculare the value of the specific
heat, ¢, for the metal that you used
to heat the water.

A b) Your teacher will tell you the
accepred value for the specific heat
of the metal vou used. How does
the specific hear that you calculared
compare with the accepted value of
specific heat for that metal?

A ¢) Explain any differences between the
two values.

Students compare their value of
the specific heat for the metal

to the accepted value provided
by the teacher. Some values of
specific heat are provided below:

copper 0.385

aluminum 0.897

silver 0.233

gold 0.129

iron 0.450
6.c)

H
{_Physics Talk )
LAW OF CONSERVATION OF ENERGY
Specific Heat

In the first part of the Investigate, you

saw that adding equal amounts of hot

water and cool water produced a final
temperature halfway between the initial
temperatures of both. When the proportions
of the hot and cold water were varied, the
temperature changed. The final temperature
was somewhere between the two initial
temperatures, and nearer to the temperature
of the water with the larger mass.

The law of conservation of energy

Physics Words
law of conservation

i
v 2
) p

of energy: the total
amount of energy

in a closed system is
conserved; energy

can neither be created
nor destroyed

informs you that if the cold water gained

thermal energy through the transfer of heat (as indicated by its rise in
temperature), then the hot water must have lost an equal amount of
thermal energy. The total energy change must be zero.

An equation to express this might look as follows:
AQ +AQ =0
(m)(7 - %) +(m)(T,-7.)=0
where AQ is a measure of heat in joules,
is the mass of the hot water in grams,
is the mass of the cold water in grams,

mln

3

't

-

is the final temperature of the water in degrees Celsius,

P |

is the temperature of the cold water, and
T, is the temperature of the hot water.

Motice that the change in temperature (T, - T,) for cold water is positive
since the final temperature is larger than the initial temperature. The

@
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Differences between the measured
and accepted values may depend
upon the students’ accuracy in
doing the measurements, excess
water that was not removed,
energy transferred to the
environment, etc.

Physics Talk

In a discussion, emphasize to

the class that energy is always
conserved when considering the
energy transferred from and to a
system or within the system. For
example, the heat energy from
the hot water is transferred to the
cold water and some of it is also
transferred to the environment.
The amount of energy the
environment, cup, and cold water
receive during the interaction

with the hot water is equal to
the amount of energy transferred
from the hot water.

Point out that if no energy is
transferred to the environment or
the cup (the system is isolated), the
cold water receives all the energy
transferred away from the hot
water. Then describe the factors
that affect the heat energy transfer:
the mass of the objects, the

initial temperatures, and

the specific heat.

Active Physics
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Ask students if the warm water

or the metal increased the cool
Section 7 Laws of Thermodynamics: Too Hot, Too Cold, Just Right

water’s temperature more.
Emphasize that water has a higher
specific heat—that it requires

change in temperature (T, -T,) is negative for hot water since the final

temperature is smaller thgn the initial temperature. The cold water ; more energy per gram to increase
gains thermal energy, while the hot water loses thermal energy. In this .

equation, if the mass of the hot water is less, its change in temperature 1tS temperature than the metal
(AT, ) must be larger than the cold water’s. .

The equation requires you to use the mass of the water. For water, a does and hence contains more
volume of 1 mL has a mass of 1 g. Converting from volume to mass is :

easy for water, since the density of water is 1 g¢/mL. That is, amass of 1 g energy per gram at equlvalent
RS SVOeAR CE1 Tk temperatures. Ask students what
Energy is conserved whether the cool water is mixed with hot water or

hot metal. To understand what happened with the hot metal, look at the Values they Calculated fOI‘ the

factors that determine the amount of heat transferred.

specific heat of the metal they used

The effect of adding an equal mass of hot metal to the cool water

was less than the hot water by a factor called the specific heat of the Physics Words in the Inl/estigate GO through the

metal (c). Specific heat is defined as the heat energy (in joules) required specific heat: the heat R . . *

to raise the temperature of a mass (one gram) of a substance a given f::m;“;‘:“"::r;‘:_m deSCflpthﬂ 1n the Student text on

temperature interval (one degree Celsius). The unit for specific heat is of a mass of .

joules per gram degrees Celcius (J/g°C). Water has a very high specific substance a given hOW to Calculate the SpeClﬁC heat’

heat, a value of 4.18 Jig°C. temperature interval. .

When the material that is being added is taken into account, the using student data as an example.

equation for the transfer of heat becomes Then diSCU.SS the sample problem
AQ = meAT

where AQ is a measure of heat in joules,

: i Have a class discussion on
m is the mass of the substance in grams, . .
¢ s the specific heat of the substance conservation of energy. Describe

th ific heat of water is 4.18 )/g°C), and :
e A i for students how energy is
AT is the change in temperature in degrees Celsius.

Since the hot metal did not warm the cool water as much as an equal tranSformed from one tYPe to
z::;:}f hot water, the specific heat will be smaller for the metal than for another and transferred from one
Look at this equation again for the trial where the hot metal is added to Ob] ect to another’ but iS never
the cool water: .
Heat change of metal+ Hest change of weter =0 created nor destroyed. Discuss
(CAT),y +(MCOT) =0 the example of a book falling
The value of ¢ for the metal will be different from the value of ¢ for the 1
water. From this equation, you should be able to calculate the value of to the gI'Olll’ld and the dlffer.ent
the specific heat, ¢, for the metal that you used to heat the water. types of energy transformations
and transfers that occur. Consider
— constructing a diagram, similar
to the one below, showing the
V667 flow of energy in open and closed
Active Physics

systems. Emphasize that energy is

always conserved.

sound energy

(]
-
>
-]
m
)
)]

when book
. hits ground
gravitational hanical Kineti mechanical 9
potential mechanica inetic energy transfer
energy of energy transfer energy as it hits
Pt as it falls of book the ground
00 thermal energy th |
of book and heat energy ferma er‘:.:rgy
ground due to transfer of surroundings

increases

collision
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Discuss the relationship between
temperature and heat. Point out
that the temperature of an object
is equal to the average kinetic
energy of the atoms that make
up the object—the more kinetic
energy the atoms have, the higher
their temperature—while heat
energy is the energy transferred
between objects of different
temperatures and depends not
only on the kinetic energies of
the substances (temperatures) but
also their mass, atomic structure,
and molecular bonds (internal
potential energy). Describe

what occurs when a warm and
cold object are in contact with
each other. Check students’
understanding and consider
asking questions such as: How
does it feel when you touch a cup
of hot cocoa? (It feels warm.)
What is happening to make your
hands feel warm? (The atoms/
molecules in the hot cocoa have
a lot of kinetic energy. When the
hot cocoa atoms/molecules collide
with the inside of the mug they
transfer energy to the atoms/
molecules of the mug, so the
average kinetic energy of the mug
atoms/molecules [its temperature]
increases. The mug atoms/
molecules then collide with the
hand atoms/molecules increasing
their kinetic energy and average
temperature. This sends a signal
to the brain that lets us know

the mug feels warmer than

our hands.)

Discuss the zeroth law of
thermodynamics and how
important it is for the study of
thermal energy. If students ask
about substances changing phase
but not temperature, let them

Physics Words
temperature; 3 measure
of the average kinetic
energy of the mokedules
of a material,

Chapter & Electricity for Everyone

Sample Problem

When 100.0 g of hot water at 80.0°C is mixed with 50.0 g of cold water at
20.0°C, the final temperature is 57.5°C. Show that energy was conserved.

Strategy: Heat is a form of energy. The law of conservation of energy tells
you that the thermal energy (heat) lost by the hot water is going to equal
the thermal energy (heat) gained by the cold water. The sum of these two
changes must equal 0.

Given: m,=100.0 g T, =80.0°C
m, =60.0g T, =20.0°C
€ =418 lig*C T, =57.5°C

Solution: Heat lost by hot water + Heat gained by cold water =0

AMCAT )y e+ (MCAT), e =0
(100.0 g)(4.18 }g°C)(57.5°C - 80.0°C) +(60.0 g)(4.18 Ng°C)(57.5°C - 20.0°C) = 0
-9405 J+9405 )= 0

Conservation of Energy

Energy is conserved. It is not created or destroyed. It only changes from one
form to another. If no energy is allowed to enter or leave a system, the total
energy of a system remains the same. When an object like a book is dropped
to the ground, you can trace the transfer of energy. Initially all the energy

is gravitational potential energy. As the book falls, it loses gravitational
potential energy and gains kinetic energy as it increases its speed. Eventually
the book hits the ground. As the book hits the ground and stops, some of
the kinetic energy is converted to sound, as you hear a “thump.” The rest of
the kinetic energy of the book becomes heat, and the temperatures of the
book and of the ground both rise a bit.

You can calculate changes in gravitational potential energy (AGPE = mgAh)
and changes in kinetic energy | AKE = {mw] - ,‘gmvl’} . You also now know
how to calculate changes in thermal energy AQ = mcAT . Heat is part of the
total energy picture. Conservation of energy means that the total amount
of energy in a closed system stays the same, so that the sum of all of the
energies remains constant. If a system is not closed, the amount of energy
change in the system is equal to the amount of energy that enters or leaves
the system. This may seem like simple common sense, but the conservation
of energy is one of the most profound principles in physics.

Temperature and Heat

Temperature and heat are not the same, but they are related. Temperature
is a measure of the average kinetic energy of the molecules of the material
due to the random motion of the molecules. You can measure temperature
with a thermometer. You can also perceive the temperature through

your sense of touch. Since your sense of touch is subjective, the use of an

MActive Physies
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know that this is called latent

heat. Latent heat is the amount of
heat energy absorbed or released
by a substance during a phase
change in which intermolecular
bonds are either formed or
broken. The temperature of the
substance does not change, but
heat energy must be transferred
to the substance from warmer
surroundings or released from
the substance to the surroundings
for the phase change to occur.

The kinetic energy of the atoms
remains the same during this
process, but the atoms are now in
a different position relative to the
other atoms in the substance.

Have a class discussion on the
first law of thermodynamics

and point out that the first law
of thermodynamics is just the
conservation of energy. It states
that the heat energy transferred
to or from a system is equal to
the change in the internal energy

Active Physics
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material of a higher or lower temperature.

temperature is that average kinetic energy.

objective tool like a thermometer is required. The temperature and
the kinetic energy of the molecules change when the abject touches a

At the molecular level, the faster-moving, high kinetic-energy molecules
collide with the slow-moving, low kinetic-energy molecules, giving
them some of their energy. After many collisions, the average kinetic
energy of the two original materials cannot be distinguished. The final

If object A and object B have the same temperature and object B and
object C have the same temperature, then object A and object C must
have the same temperature. Even though object A and object € may

sense of touch is very subjective,
for example in a 70°F room a rug
would not feel cold, but a 70°F
tile floor would. This has to do
with the fact that heat energy

is transferred from the warmer
human feet faster to the tile floor
than to the rug. This has to do
with the heat capacity of the
floor and the rug. The faster the
rate at which heat energy can be

never interact, you would know that their temperatures are the same
because they are both compared to object B. This relation is referred
to as the zeroth law of thermodynamics. Without this assumption, the
study of thermal energy would be exceedingly difficult.

Heat is a common word used in many different contexts. However,

in physics, heat has a very specific meaning. Although you may often
see the terms heat and thermal energy used to mean the same thing,
scientists recognize a difference between the two terms.

Thermal energy is the total energy of the particles that make up an

object. It is a form of energy that results from the motions of atoms

and molecules, and it is associated with the temperature of the object.
When the thermal energy of an object increases, there is an increase in
temperature. You can think of thermal energy as the energy that an object
POSsEsses,

Lasseozsnzsz 0

transferred through a substance
that is at a lower temperature, the
cooler it feels to us.

Physics Words
zeroth law of
thermodynamics: If
two objects have the
same temperatu re as
2 third object, then
the two objects must
also have the same
temperature,

Discuss entropy by stating

that entropy is the amount of
disorder or the amount of heat
energy transferred that cannot be

Heat is the thermal energy that is transferred from one object to heat: energy .
another. Heat is a transfer of thermal energy from an cbject at a higher :::‘;::dt;“’m returned because the process 1s

temperature to an object at a lower temperature.

Thermal energy is a form of energy that results from the motions of atoms
and molecules. The internal energy of a substance is the amount of energy
in the random motions of atoms and molecules. (Random motion means
that the atoms and molecules are maoving in no specific pattern.) This
includes kinetic energy and potential energy of the interacting melecules.
The amount of internal energy in an object has to do with the nature

of the material, the mass of the material, and the temperature of the

anather by virtue
of a temperature
difference

irreversible. Describe how entropy
(disorder) increases when a solid
turns into a liquid and a liquid
into a gas. Discuss the example of

thermal energy: a
form of energy that
results from the
motions of atorms and
molecules; the energy
associated with the

. 1 t f .
material. For example, 100 g_of hot water has more energy_thar:l 100 g s:?:s;:m ore the gas molecules in the Student
of cold water because of a difference in temperature. A swirmming pool thermodynamics: | A
of 10,000 kg of cold water will have more energy than 1 kg of hot water, the study of the text. Empha51ze that disorder

mainly because of a difference in mass. If thel kg of hot water is poured relationships between
into the swimming pool of 10,000 kg of cold water, the temperature of the
pool water will rise a tiny amount. The temperature of the hot water will
drop considerably. Thermal energy is a measure of both the temperature

and the amount of matter.

et and other forms
of energy and the
transformation of ane
form into another.

or entropy of a system always
increases for irreversible processes
and thermal energy is transferred
from hot objects to cold
objects spontaneously. Entropy
Y655 - determines that thermal energy
e never spontaneously goes from
cold to hot. Some reversible and
irreversible processes are listed
below in the following table:

Reversible ’ Irreversible

a pendulum

—

of the system plus the work done
by or to the system. Discuss the
example of a gas heated in a
container with a moveable piston
as the lid. Describe the first law of
thermodynamics mathematically.
The heat energy transferred in
this system (AQ) is equal to the
change in the internal energy of
the system (AU) plus the work

change in its internal energy (AU)
and the work done on the gas by
the descending piston (W).

Describe the second law of car crashes
thermodynamics—When two
objects of different temperatures
are in contact, heat energy flows
spontaneously from warmer

objects to cooler objects. This is

something that

oscillates shattered glass

compressing a
spring

tearing a piece of
paper

stretching a when something

(]
-
>
-]
m
)
)]

done by or to the system (W) why when hot cocoa is poured spring burns
in raising the piston. As the gas into a cup the cup does not get drobpi _

ler and th does not erbetle elasti chewing and
cools, the amount of heat lost cooler a € cocoa docs no Egllrlfecﬂy elastic digesting food

get warmer. Emphasize that our

by the gas ((AQ) is equal to the
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Physics Words

first law of
thermodynamics: the
thermal energy added
10 3 system is equal to
the change in internal
energy of the system
plus the work done
by the system on its
surroundings.

The First Law of Thermodynamics

Thermodynamics is the study of the relationships between thermal
energy and other forms of energy and the transformation of one form
into another. In this investigate, you mixed hot and cold water and
observed how the final temperature of the mixture was related to the
initial temperatures of the hot and cold water. The change in thermal
energy of the hot and cold water were equal. The sum of the changes in
the thermal energy was equal to zero.

The change in thermal energy of the water was dependent on the mass,
the specific heat of water, and the change in temperature.

AQ = meAT

When you mix cold milk with hot coffee, you expect the cold milk to
warm a bit and the coffee to cool a bit. They will soon arrive at the same
temperature. This can be explained using the conservation of energy. The
milk gained some energy and the hot coffee lost some energy. It might
be clearer if you look at some numbers, If the cold milk is at 5°C and the
hot coffee is at 90°C, the final temperature of the milk-coffee mixture
could be 80°C. In this case, the temperature of the milk rose 75°C and the
temperature of the coffee fell 10°C. Energy was conserved. If you knew
the mass of the coffee and the milk, you could compute the gain and loss
of the energy by each substance using the relation Q= mcAT. The change
in energy of both the milk and the coffes would be the same.

This situation is quite common. If you put a cup of hot coffee in a cold
metal cup, there would be a similar effect. The coffee could cool from
90°C to B0°C and the metal could warm from 5°C to 80°C. If you knew
the masses of the metal and the coffee and the specific heat of the
metal, you could again compute the gain and loss of the energy with the
relation @ = mcAT. Again, the change in energy would be the same for
the metal and for the coffee.

The conservation of energy with respect to hot and cold objects is
referred to as the first law of thermodynamics. In the situations you have
studied, the hot and cold materials did not interact with other materials.
The hot and cold materials did not get heated from the outside nor did
they use any of their thermal energy to do werk by moving something.
The first law of thermodynamics can also explain what happens if one of
these two situations did occur.

Imagine a gas that is enclosed in a
container with a movable top (a piston). I
Initially, the gas has a certain amount of | E |
thermal energy. The kinetic energy of the
molecules that keep colliding with the
piston keep it up. If an external flame
were to heat the gas, the piston would
move up. The gas did work on the piston
by lifting it.

MActive Physies
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The conservation of energy would state that AQ = AU+ W

The thermal energy (AQ) added is equal to the change in internal energy
(AU) of the gas plus work (W) done lifting the piston. This is another
way of stating the first law of thermodynamics.

The Second Law of Thermodynamics

When hot coffee is poured in a cold metal cup,
it never happens that the metal gets even colder
and the coffee gets even hotter. It never happens
that the coffee heats up from 90°C to 92°C and
the metal cools from 5°C to 1°C. In principle, the
conservation of energy would be satisfied if the
cold metal lost thermal energy and the coffee
gained an equal amount of thermal energy

so that no energy was created or destroyed.
However, this never happens. It also never
happens that if you leave a can of warm cola on
the kitchen table that the cola gets colder and
the room gets warmer.

If something never happens, you must assume that
nature has placed a restriction on it. In this case,
the restriction is called entropy. It informs you that
the twa materials in contact will reach a common
equilibrium temperature. The transfer of heat can
only take place in one direction — from hot ta
cold. Temperature tells you which way the thermal
energy is transferred. A cooler metal will heat up
(gain heat) when placed in contact with the hot
coffee, but the cooler metal will never become
cooler (lose heat) when placed in contact with the
hot coffee.

This irreversibility of heat flow helps to distinguish the past from the
future. If you watch a movie of a pendulum maoving back and forth,

you may not be able to tell whether the film is being played forward or
backward. If you watch someone break an egg and fry it, the film would
look quite silly when played backward. It doesn't make sense that the
egg could get un-fried and then return to its shell. Similarly, water in a
glass in a warm room will never suddenly freeze into ice cubes and make
the room warmer.

The irreversibility of heat flow is related to the entropy of the substances
and is related to the order and disorder of the system. When hot and

cold water are mixed, entropy (disorder) increases. When a solid turns

to liquid or a liquid turns to gas, entropy (disorder) increases as well. A
mathematical understanding of entropy requires a careful look at the
possible distributions of energies of the molecules and can be

described using statistical physics. )

Physics Words

entropy: a
thermodynamic
property of a
substance associated
with the degree

of disorder in the
substance; a substance
is more ordered as a
solid than a liquid,
and a liquid is mare
ordered than a gas.
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Checking Up

1.

The temperature of a substance is
the average kinetic energy of the
atoms and molecules that make
up the substance.

2.

The hot coffee transfers some
of its energy to the cool milk.
This results in a decrease of
thermal energy of the coffee and
an increase of thermal energy

of the milk. This means that

the coffee molecules are less
energetic (their average kinetic
energy has decreased), and the
milk molecules are more energetic
(their average kinetic energy has
increased).

3.

The amount of heat that is
transferred to or from an object
interacting with another object
of different temperature depends
on the masses of the objects, the
initial temperatures of the objects
and the specific heats of the
objects involved.

4.

In all irreversible processes of a
system, the entropy of the system
increases.

Active Physics Plus

This Active Physics Plus provides
an opportunity for students to
deepen their understanding of
entropy through examples and
applying what they know to solve
problems involving entropy. A
discussion of heat engines and the
second law of thermodynamics

is also provided with sample

Chapter & Electricity for Everyone

Physics Words
second law of
thermodynamics:
thermal energy is
transferred from

hat cbjects to cold
objects and never
goes from cold to hot

sorting the molecules.

You can get a sense of order and disorder and entropy by considering two
gases reaching an equilibrium temperature. On one side of a container,
you may have 50 fast-moving molecules. The other side of the container
has 10 slow-moving molecules. If the two sides came into contact, you
would expect that eventually the fast-moving molecules and the slow-
moving molecules would collide often enough that the fast-moving
molecules would slow down and the slow-moving molecules would speed
up. This is an example of entropy increasing or disorder increasing.
Imagine the opposite occurring. If you had a container with 60 moving
molecules, could you imagine all the fast-moving molecules speeding

up, the slow-moving molecules slowing down and the fast molecules

all going to the left side of the container and the slow malecules all
going to the right side of the container? This would be an example of
entropy decreasing or disorder decreasing. It is possible, but it is very,
very improbable. The only way you would expect to see the entropy
decreasing is if someone deliberately did this and expended energy

spontansously.
\\
Checking U v
ecking Up 14
1. How is temperature
defined in terms of L] L] ™ « B L
molecular action? e _al® e L]
L] .
2. When cold rmilk - L
o = ™ P L] [ ] L
s added to hot a - * g ®
coffes, the milk ® - .
warms up and the 4 - o po =
coffes cools down & s °

What can be said
about the energy
of the milk and

the energy of
thi coffes when
this happens?

3. The amount of
thermal energy
that is gained or
ost by an object
depends upon
what three things?

of different ways:

* Time is irreversible.

4. Ina process that is
not reversible in a
closed system, what
abways happens
o the entropy
of the gystem?

The second law of thermodynamics can be stated in a number

* In irreversible processes, entropy or disorder always increases.

= Thermal energy is transferred from hot objects to cold objects
and never goes from cold to hot spontanecusly.

MActive Physies

problems for students to have a
deeper insight into the laws of
thermodynamics. While going
through the sample problems,
explain to students that work

is equal to the amount of force
applied to an object parallel to the
direction of motion multiplied by
the distance the object moves.

1.

The probability of all the
particles being on one side of

the box (either the right side or
the left side) would be 2 in 16
possibilities for 4 particles; 2 in
32 possibilities for 5 particles;

2 in 1024 possibilities for 10
particles. For this situation, the
number of possible configurations
is 2 raised to the number of
particles. The mathematical
pattern found is that for each side
there is 1 in 2" possibilities, where
n is the number of particles.
Because there are two sides and

Active Physics
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Entropy

Imagine that there are three spheres in a box
that has two sides. Each sphere is a different
color—red, blue, purple. The possible
configurations of the box are as follows:

Left side Right side
of the box of the box
R B P
R, B P
R P B
B, P R
R B, P
B R, P
P R,E
REB.P

Of the eight possible configurations,

only one has all the particles on the

left side of the box. That makes this
configuration less likely than others where
the particles are on both sides of the box.
The configuration where all particles are
on the lefr side of the box can be said to
have low entropy and low disorder. If

all the particles were to start on the left
side of the box and were free to move
about, you would expect at some later
time to observe the particles more evenly
distributed. There are six configurations
where the particles are on both sides of
the box. These represent higher entropy
or higher disorder.

1. Repeat this example and find the
probability for all the particles in the
box to be on one side if there were
four, five, or ten particles in the box.
For ten particles in the box, you will
probably want to find a mathematical
pattern rather than writing out all
possible configurarions,

2. Using your calculations, explain why
it appears thar entropy or disorder
will increase as the number of
particles increases. In other words, if
you were to start with all the parricles
in a box on one side, explain why you
would expect o never see them on
one side again.

In a one-liter bottle, there are over 1027
molecules of air. Can you imagine the
probability that all the molecules would be
in the bottom half of the bortle?

The Heat Engine and the Second
Law of Thermodynamics

Once again, imagine a gas thar is enclosed
in a container with a movable top (a
piston). Initially, the gas has a certain
amount of thermal energy. The kinetic
energy of the molecules keep colliding
with the piston and keep it up. If an
external flame were to heat the gas, the
piston would move up. The gas did work
on the piston by lifting it.

.

If the gas were then cooled by placing
it in vouch with a cold object, the gas
molecules would lose kinetic energy and

the piston would move down. -—-}

@
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you are looking for the likelihood
of all the particles being found
on either side, there are then 2

in 2" possibilities, where 7 is the
number of particles.

2.

The likelihood that some particles
are on both sides increases as the
number of particles increases.
This decreases the possibility that
all the particles will be found

on just one side of the box. If,

for example, these were marbles
stacked on the right side of the
box, and the box was then carried
across the room, it is very unlikely
that all the marbles would stay
where they started, and it is also
unlikely that their collisions and
motions would cause them to
stack up again. Consider if this
were a gas in a container with

a removable wall in the middle,
and with all the gas molecules
were on one side before the wall

was removed. The gas molecules
are moving in random directions
and with random speeds and
collide with each other randomly.
When the wall is removed, the

gas molecules will occupy the
entire space of their container, still
moving randomly. The probability
of any single particle being on one
side of the container is 1/2, the
probability of 10 particles being
on one side of the container at

the same time is then (1/2)'°. The
probability of a given number

of particles being on one side at
the same time decreases as the
number of particles increases. The
probability is (1/2)", where n is
the number of particles.

For the one-liter bottle, the
probability would be (1/2)1:000,000.0

00,000,000,000,000 "¢ one possibility in
21,000,000,000,000,000,000,000
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Chapter & Electricity for Everyone

This is the basis of a simple heat engine:
Heat the gas and move the piston up; cool
the gas and move the piston down. If you
keep repeating this, the piston moves up
and down over and over and can turn the
wheels of a car.

It would be great if this engine could be
100% efficient. That would mean that all
the heat would get converted to mechanical
energy. The laws of nature do not allow this
100% efficiency. This is another statement
of the second law of thermodynamics.

Sample Problem

A heat engine consists of a quantity of
gas in an enclosed cylinder with a mass
located on top as shown in the diagram
below, The mass can move freely up and
down as the gas expands.

weight of piston = 500 N

a) If 2000 J of heat are added to the
cylinder and the internal energy of
the gas increases by 1900 J, causing
the gas to expand, how much work
is done by the gas as it expands and
moves the piston?

b) How high will the piston rise?

a) Strategy:

Since the gas and the flame represent a
closed system, the energy added by the
flame must go to either increasing the
internal energy of the gas, or toward
work done by the gas.

Given:
AQ =2000 ]
AU =1900 ]
Solution:
Using the first law of thermodynamics:
AQ=AU+W
Solving for W
W=A0-AU
=2000 ] -1900 ]
=100]

b) Strategy:
Work done equals force x distance,
where the force the gas expands against
is the weight of the piston thar holds ir in
the cylinder.
Given:
W=100]
F=500N
Solution:
Using the equation for work:
W=Fxd
Solving for d

_w
d-F

100
T 500N
If heat were now extracted from the
cylinder, the gas would typically cool and
the piston would fall as the gas contracts.

=0.2m
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Section 7 Laws of Thermodynamics: Too Hot, Too Cold, Just Right

What Do You Think Now?

As you add cold milk to hot coffee, you expect that the milk will get a bit warmer and the
coffee will ger a bit colder.

* Whar determines the final temperature of the coffee and milk?

Now that you have completed this section, how would you answer this question now?

(Essential Questions)

What does it mean?

How does energy conservation help predict the final temperature when hot
and cold water are mixed together?

How do you know?

What measurements did you have to record to show that energy was conserved
when hot water was placed in cool water?

Why do you believel

Connects with Other Physics Content Fits with Big Ideas in Science Maets Physics Requirements

Thermodynamics S Conservation laws
models and thearies

Experimental evidence is consistent with

* Conservation of energy is a bedrock principle of science. Conservation
of energy is considered one of the greatest insights into how nature
works. Whar do people mean when they ask you to conserve energy
when you know that energy is always conserved?

Why should you care!

Electricity can be used 1o heatr water. People often heat an entire pot of water
to make one cup of tea. This is a very wasteful use of resources. Write a note to
people to convince them to only heat the water they need. Emphasize the amount

What Do You
Think Now?

Ask students to review their
previous answers to the question
in the What Do You Think?
section. Ask them how they
would answer this question

now and survey the class for
how many students changed
their ideas. Consider discussing
the information in A Physicist’s
Response. Encourage them

to reflect on their Investigate
and Physics Talk and edit their
original responses with examples
and explanations. Their answers
should show an understanding of
thermal equilibrium and the laws
of thermodynamics. Allow time
for any questions that students
might still have. Reiterate that
you will be checking for the

of energy required to heat water.

correctness of their responses,
so they consult with their peers

before they arrive at a final
answer.

Active Physics

Physics Essential Questions

What does it mean?

When hot and cold water are mixed, the cold water
will gain energy and become warmer. The hot water
will lose an equal amount of energy and become
cooler. Because the energy gained and the energy lost
is equivalent, the total energy is conserved.

How do you know?

To calculate the gain and loss of energy of the water,
measurements of the mass of the water and the
change in temperature of the water were taken, and
the specific heat of water also needed to be known.

Why do you believe?

Energy is always conserved. Some energy is in a more
useful form than other energy. When people remind us
to conserve energy, they mean that you should conserve
(and not use) the energy that is in a useful form like
fuel, and not convert it into heat if it is not necessary.

Why should you care?

It takes a great deal of energy to heat water. A metal
pot placed on the stove gets hot very quickly. It does
not require much energy to raise its temperature.
Cold water takes substantially more time (and more
energy) to get hot. Heating up more water than you
need takes more time and more energy. The only
convenience is foregoing the measurement of how
much water you need. Is this worth the cost?

@
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Chapter 6 Electricity for Everyone

Reflecting on
the Section and
the Challenge

Using the information in

the student text, discuss the
importance of heating water
for survival and that it takes
considerable energy to heat
water. Emphasize how crucial it
will be for students to calculate
the energy required to change
the temperature of water or
foods when they consider their
appliance design package for
the HFE.

Physics to Go

1.

Using conservation of energy
and assuming no energy is
transferred from the system to
the surroundings (the system is
isolated) you have

7/nmjlk = mcoffee =m
Cmilk = Ccoffee
T . =90°C

coffee
T . =80°C

mi

=)

’T|ﬁnal -
AQcoffee + AQmilk = 0

T,

final

T

coffee Ccoffee ( coffee ) +
M i Emilk (Tﬁnal - Tmilk) =0
mec(T,,, —90°C)+
mc (T, —80°C) =0
2T. . =80°C+90°C

final
T, =85°C

m

170°C
final = 2
2.

Explanation should have
reasoning to support claims.
Following is an example of an
explanation:

Heating up a whole pot of water
when you only need a cup is

Chapter & Electricity for Everyone

Reflecting on the Section and the Challenge

Hearing warer for purification or cooking food is a marrer of survival. You may
decide to use your limited amount of electrical energy to perform these important
tasks, It will be crucial to calculate the energy required to change the temperature
of water or foods. You know that a cold drink will warm up if it sits on the table
and that a hot drink will cool down if it sits on the same table. All objects in the
dwelling will reach the same final temperature—the equilibrium temperature.
You can now calculate the energy changes when cold objects and warm objects
are put in contact.

1. A hot cup of coffee at 90°C is mixed with an equal amount of milk atr 80°C.
What would be the final temperature if you assume that coffee and milk have
identical specific heats?

(]

. Explain why hcating up a whole pot of water when you only need enough for
one cup of tea is wasteful of time and wasteful of energy consumption.

b

A container of water can be heated with the addition of hot water or the
addition of a piece of hot metal. If the mass of the water is equal to the
mass of the metal, which material will have the grearest effect on the water
temperature? Explain your answer.

4. Suppose 200 g of water at 50°C is mixed with 200 g of water at 30°C.
a) What will be the final temperature?
b) Calculate the energy gained by the cold warter

¢) Caleculate the energy lost by the hot warter.

wy

. ;upp:wt' 200 4 of water ar 50°C is p]:!t.‘r(l in contact with 200 £ of iron
at 30°C. The final temperature is 48°C.

a) Calculate the energy gained by the iron. The specific heat (¢) of iron
is 0.45 J/g°C.

b) Calculate the energy lost by the hot water.

¢) If the final temperarure could have been measured more accurately, would
you expect that it would have been a bit more or less than 48°C? Why?

o

. Suppose 100 g of water at 50°C is placed in contact with 200 g of iron at
30°C. The final temperature is 46.5°C.

a) Caleulate the energy gained by the iron. The specific heat of iron is 0.45 J/g*C.
b) Calculate the energy lost by the hot water.

¢) If the final temperature could have been measured more accurately, would
you expect that it would have been a bit more or less than 46.5°C2 Why?

@
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wasteful of time and energy increases. Since the rate at which
because water has a high specific ~ the energy supplied is the same,
heat. It takes 4.18 ] of energy to it will take more time to boil
heat up 1 g of water by 1°C. more water.

A cup of water (8 o0z) has about

227 g. To bring room temperature ~ 3-
water (about 20°C) to boil (32°C)  More heat energy is transferred
takes (4.18 J/g°C)(227 g)(12°C) =  to cool water when it is heated by
11,386 ] of energy or about adding water rather than metal of
3.2 watt hours of energy. (The the same mass and temperatures
wind generator will deliver about  because water has a higher

3 kWh per day to each home. As  specific heat than metal. This is
the mass of the water increases, because it takes more energy to
the amount of energy needed warm 1 g of water than it does to

Active Physics
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Section 7 Laws of Thermodynamics: Too Hot, Too Cold, Just Right

warm 1 g of metal, so more heat
energy can be transferred from
the water than the metal to warm
the cool water.

4.a)

Students may recognize that this
is similar to Question 1 because
the mass of each substance is
the same, and the specific heats
are equal.

Given:
mwarm = 200 g; Twarm = SOOC
m_=200g; T _ =30°C

cool cool

AQwarm + AQcool = 0
m

c = +
warm warm fmal warm

T, )=0

final ~ * cool

gOJC )(Tﬁnal - SOOC) +

J
(200 g)(4.18goc)x
(o =30°C) = 0
2T, = 50°C+30°C
_ 80°C

final
’I‘final - T =40°C

e
cool ~cool

(200 g)(4.18

4.b)

The heat energy transferred to the
cold water is

AQCOO] = mcoolccool (Tﬁnal - Tcool)
AQCOOI =

J oC _ 200
(200 g)| 4.18 g(,(:)(40 C-30°C)
AQCOOI =

4.c)

The heat energy transferred from
the warm water is equal to the
heat energy transferred to the cool
water. The negative sign indicates

it is transferred from the warmer
water.

AQwarm + AQcool = O
AQwarm = _AQcool
AQ,... =-8360]

5.a)
Given:
iron = mwater = 2’00 g; ’T;ron = 3OOC
TWater = SOOC; ’I‘final = 48°C
J
=0.45
Cnron gOC

AQiron = mironciron (Tﬁnal - ’T;ron)

AQiron =
J o o
(200 g)(0.45 goc)(48 C-30°C)

AQ.. =1620]

5.b)

AQwater = mwatercwater (’Tfinal - Twater)
AQwater

(200 g) 2°C
AQ,.. =-1672]

The negative sign indicates the
energy of the water decreased.

4.18

VR

J (o] (o]
C](48 C-50°C)

5.¢)

The energy decrease of the hot
water should be equal to the
energy increase of the iron, or the
energy transferred from the hot
water to the iron if no energy was
transferred to the surroundings.
Some energy must have been
transferred to the surroundings
since the hot water transferred
two more joules of energy than
that gained by the metal. If the
final temperature could have

been measured more accurately,
it would have been a bit more
because the decrease in the water’s

energy at the final temperature of
48°C is slightly higher than the
increase in energy of the iron.

6.a)

Given:

mwater = 100 g; Twater = 500C
m,  =200g; T ~=230°C
T

0 J
ot = 46:5°C; €, = 0,45 2

iron

AQiron = mironciron (’I‘ﬁnal - T;wu)
AQiron =

J
(200 g)(0.45 2°C ) X

(46.5°C-30°C)
AQ,,, =1485]

6.b)

AQwater = mwatercwater (’Tﬁnal - Twater)
AQwater =

J
(100 g)(4.18 gOC)X

(46.5°C - 50°C)
AQ,,.. =-1463]

6.C)

If the final temperature could have
been measured more accurately

it would be higher because there
was a greater decrease in energy
of the water than there was an
increase in energy of the iron.
This would not account for all the
big difference between energies.
Probably some heat energy was
transferred to the surroundings.

Active Physics
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Chapter 6 Electricity for Everyone

7. 8.b) and ¢) 9.b)
Using conservation of energy Students should use conservation  Given:
Given: of energy to show that this result ;=100 g; T =80°C
m =300g; T. =50°C would obey energy conservation m_ =1g; T  =20°C
7}:;[“_ 40°C; Tcoorvaiml 0°C r}t:lels; howFVEr, it d((i)es not obey cool ool
the laws of thermodynamics. A T A -0
_ Heat energy always flows Quarm T AQc00
AQwarm + AQcool =0 m C final T )+
T T )+ spontaneously from the warmer warm“warm \ *final " warm
M arm Cwarm ( final % warm object to the cooler object if they M 61€ ool (Tﬁnal - TCO(,l) =0
M 001 Ccool (Tﬁm B Tcool) =0 are interacting. Heat energy never J
: (100 g)| 4.18
J flows from the cooler object to g°C
(300 g)| 4.18 ,
g°C the warmer object spontaneously. (T _ 8OOC) ( )><
( 40°C — 50°C) N Ther.efore, .this sit}lation is final J
| physically impossible. 4. 18 T, — ZOOC) =0
m_ | 4.18 40°C-10°C)=0
ol ( g°C]( ) AQ, o TAQ =0 (101 g)Tﬁml 8000 g°C +20 g°C
12,540 J +m,,, (125.4 JIg) = oo (Tinat = T ) + o _80208°C .
m _ 12, 450 J _ 100 g mcoolccool (T}inal - ’Tcool) = O final = 101 g -
o = 1254 Jjg - ( j )
100 g)| 4.18
( g) g°C 9.¢)
8- o o
Giav)en. (100°C - 80 c) (100 g)x Given,
_ =100 418 (20°C—-40°C)=0 > Mo =185 Ty, =80°C
m rm m ol & OC o
T =80°C; T, =40°C & M, =100 g5 T, =20°C
warm > Feool = (8360 J)- (8360 J)=0 ?
AQwarm + AQcool =0 AQW”m + AQCOOl =0
9.a) m__ ¢ o )+
mwarmcwarm (Y}inal - Twarm ) + Given- mwarrz war(mT ma_ T W;ri O
_ — . cool ~cool final cool |
M 01 €cool (T‘ﬁnal Tcool) 0 m = 100 g; Twarm =80°C . 418 J
(100 g)(4 18 fc)(Tﬁml -80°C)+  m,, =100g; T, =20°C (1g) 4°C
J (Y;mal - 800C) (100 g) X
(100 g)(4 18 o ) AQwarm + AQcool = 0 J o
( ) C mwarmcwarm (’I‘ﬁnal - Twarm ) + 4 18 f" 1 20 C) O
Ty, —40°C _0 m_c (T. —-T )=0 ° °
ZTﬁnal = 80°C + 40°C cool cool( final J cool) 101 g)'zrgrglo 88 g C+2000 g C
° 100 g){ 4.18 T.  —80°C)+ 8L _ 50
,Tﬁnal _ 12(; C _ 6OOC ( g)( OC)( final ) ’T‘fmal = 101 z = 21 C
J
100 g){ 4.18
( g)( °C
(Tﬁnal - 2OO(:) - O
2T, , =80°C+20°C
Tfinal = 102 ¢ =50°C
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Section 7 Laws of Thermodynamics: Too Hot, Too Cold, Just Right

a) w2
b) AQ?
c) AU?

7. Suppose 300 g of water at 50°C must be cooled ro 40°C by adding cold water.
The temperature of the cold water is 10°C. How much of the cold water must
be added 1o the hot warter wo bring the temperature down to 40°C?

8. 100 g of water at 80°C is placed in contact with 100 g of water at 40°C.
a) Show that energy is conserved if the final temperature of all the water is 60°C.

b) Show that energy is conserved if the final temperature of the 100 g of hot
water is 100°C and the final temperature of the cool water is 20°C.

¢) Both of these situations are possible according to the conservation
of energy. Only one happens. Explain why.

9. Approximate the final temperature if water is mixed in the following proportions:
a) 100 g of warter at 80°C is mixed with 100 g of water at 20°C.
b) 100 g of warer at 80°C is mixed with 1 g of warter at 20°C.
¢) 1 g of water at 80°C is mixed with 100 g of water at 20°C,

10. m Imagine that 300 | of work is done on a system and 400 | of heat

is removed from the system. Using the first law of
thermodynamics, what are the values of

11. “ Consider a piston that is supported by gas at a certain

temperature. The heat added to the gas is 20 ]. The work done
on the piston is 18 J. What happened o the other 2 | of energy?

12. An ice cube placed in a warm drink melts.
Describe any energy and entropy changes.

Active Physics

10.a)

kA Plus

W =-300 J, work done on the

system.

10.b)

AQ = —-400 J, heat removed from
the system.

10.c) BREE

AU =AQ-W =-100 ]

Energy must be conserved. If 20 ]
of heat was added to the gas, and
18 J of work was done by the
gas, then 2 ] of energy went to
increasing the internal energy of
the gas.

12. BB

Energy is transferred from the
warm water to the ice cube
raising the temperature of the ice
until it reaches its melting point of
0°C, and then the ice continues to
absorb heat energy from the water
until it melts. The ice will absorb
heat from the water until the ice
molecules have enough energy

to break them free of the solid
lattice in which they are bound.
(Latent heat, the amount of heat
needed to change the phase of a
substance.) When the ice melts,
the molecules are no longer
bound within the solid and move
randomly in the water, increasing
the entropy of the system. The
latent heat of water or the amount
of heat energy needed is much
greater than the specific heat of
water. For example, 1 g of ice at
0°C requires 334 ] of heat energy
to melt. This is much more than
the 4.18 J of heat needed to raise
1 g of water by 1°C. It takes
almost 80 times more energy to
melt 1 g of ice than to raise 1 g of
water by 1°C. Consider discussing
the relevance of this with global
warming and the melting of the
polar caps.
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Chapter 6 Electricity for Everyone

SECTION 7 QUIZ

l== Blackline Master '

1. One hundred grams of water at 60°C is added to 400 g of water at 20°C in an insulated
cup. If no heat is lost, what is the final temperature of the mixture?

a) 28°C b) 30°C
¢) 32°C d) 40°C

2. Equal amounts of heat are added to pieces of metal of equal mass. The metal that will have
the greater temperature rise is the metal with

a) the large volume. b) the higher specific heat.

c) the lower specific heat. d) the lower density.

3. If only the temperature of two objects is known, it is always possible to determine
a) the object’s total internal energy.
b) the direction of heat flow between the objects.
c) which object has the greater specific heat.

d) which object would heat water more when immersed.

4. Two objects have the same temperature. As a result, the molecules of the objects must have

the same
a) specific heat. b) internal energy.
c) speed. d) average kinetic energy.
5. A gas is heated in a closed cylinder fitted with a movable piston movable piston

as shown in the diagram to the right. When 375 ] of heat are
added to the gas and the internal energy of the gas increases by
125 J, how much work does the gas do moving the piston upward?

L

a) 500 ] b) 250 ]
c)3] d)125] A A A

heat added
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SECTION 7 QUIZ ANSWERS

©O 228cC

AQ, = AQ,
ity (Tﬁnal T ) T mye, (Tfinal - TZinitial) =0
J J
(100 g)(4.18 gcj(trﬁm1 ~60 C)+(400 g)(4.18 gcJ(Tﬁm‘ ~20C)=0
14,000g C _
final — 500 g - 28 C

e c) The specific heat is the amount of energy needed to raise one gram of the
substance by one degree Celsius. The lower the specific heat, the less energy is
needed to increase its temperature.

€) b) This is because heat energy spontaneously flows from the warmer object to the
cooler object if they are interacting. For the other options, another physical
quantity would need to be known, such as the mass for the total internal energy,
the type of substance or the mass and final temperatures for the specific heat,
and the specific heat and mass for which object would heat water more.

O d) The temperature of an object is equal to the average kinetic energy of the
particles making up the object. Objects of different specific heat may still
have the same temperature. Objects with the same internal energy may
have different temperatures because this also depends on other physical
characteristics, such as mass. Objects may be at rest or moving regardless of
their temperature, and the particles that make up the object have various speeds.

© b) Because the total energy is conserved, the energy received by the gas must go
into increasing its total energy and doing work on its surroundings. Because
125 J of energy went to increasing its internal energy, the remaining 250 J of
energy received by the gas must have gone into doing work on its surroundings.
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