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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. 

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

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. 

NoteS
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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.

�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: 
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�Two objects in thermal contact reach thermal equilibrium and have the same final •	
temperature.

�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. 

�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. 

�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.
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Learning Outcomes Location in the Section Evidence of Understanding

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

Investigate
Steps 1-3

Students measure the temperatures of certain amounts 
of hot water and cold water, mix them together, and 
measure their temperature. Students do this for different 
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 
temperatures when a hot metal 
is added to cold water.

Investigate
Step 5

Students plan and run an experiment to compare how 
temperature changes when hot and cool water are mixed 
compared to cool water with a piece of hot metal placed 
in it. 

Calculate the heat lost and the 
heat gained of two objects 
after they are placed in thermal 
contact.

Investigate
Step 6

Physics Talk

Physics to Go
Questions 4-6, and 8

Students read about specific heat and then calculate the 
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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Materials and Equipment

PLAN A
Materials and Equipment

Group  
(4 students)

Class

Graduated cylinder, plastic,  
100 mL

1 per group

Beaker, glass, 1 L 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. x 4 in. 
(w/ ceramic center)

2 per class

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.

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

�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.

�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. 

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

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

Safety Requirements

�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.

�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.

Goggles are required for this •	 Investigate.

�Use tongs or similar devices to remove heat •	
samples from the hot water.

Section 7 Materials, Preparation, and Safety 
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Materials and Equipment

PLAN B
Materials and Equipment

Group  
(4 students)

Class

Graduated cylinder, plastic,  
100 mL

1 per group

Beaker, glass, 1 L 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. x 4 in. 
(w/ ceramic center)

2 per class

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.

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

�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.

�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. 

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

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

Safety Requirements

�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.

�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.

Goggles are required for this •	 Investigate.

�Use tongs or similar devices to remove heat •	
samples from the hot water.
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Meeting the Needs of All Students
Differentiated Instruction: Augmentation and Accommodations

Learning Issue Reference Augmentation and Accommodations

Reading a 
thermometer 
scale

Investigate
Steps 1-3, and 5

Augmentation
• �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.

• �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.

• �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.

• �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.a)

Augmentation
• �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
• �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
• �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.
• �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. 

• �Teach students to use rulers or index cards to plot data points in the correct position.
Accommodation
• �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
• �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.
• �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.
• �Provide direct instruction to highlight the key points from this section.
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Understanding 
heat gain and 
heat loss

Physics Talk 

Physics to Go
Questions 4-9

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. 

Learning Issue Reference Augmentation and Accommodations

Learning Issue Reference Augmentation

Understanding 
concepts, higher 
order thinking

Active Physics 
Plus

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

Critical thinking Physics to Go
Questions 5.c), 
6.c), and 8.c)

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 
misunderstandings with a brief class discussion.

Strategies for Students with Limited English-Language Proficiency

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.
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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 signifi cant 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

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 
specifi c 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). 
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What Do You Think?

Consider asking students what 
they think this section is about 
and how it might connect with 
electric circuits and the Housing 
for Everyone appliance package 
they are designing.

Ask them what happens when a 
hot beverage is mixed with cold 
milk. Then have them record 
their ideas to this question 
in their Active Physics logs. 
Encourage them to discuss their 
ideas with their group members 
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. 

Students’ Prior Conceptions

2. �Students often believe that cold is transferred; the colder 
object cools the warmer object. They do not reason that 
heat is transferred. Encourage careful measurements and 
observations in the mixing of hot and cold liquids and what 
happens to the temperature of each substance as they reach 
the equilibrium temperature. Listen carefully to students 
as they use their data to reason about what happens. They 
should stipulate that heat flows from the warmer liquid; 
the warmer water loses heat as evidenced by its drop in 
temperature, and into the colder object, as evidenced by its 
rise in temperature.

3. �Because students have naïve constructs dealing with 
the transfer of heat energy within a closed system, it is 
natural to assume that they also reason incorrectly about 

the concept of entropy. Students may believe that you 
can never get a system less energetic than the way that it 
started. This section may enable students to visualize what 
happens to the molecules of a system when heat energy is 
transferred; they may correctly reason that adding heat to 
a system causes molecules and atoms to speed up. In order 
for a system to become more arranged, for the entropy 
to decrease, energy must be transferred from within the 
system to outside the system. Emphasize this direction of 
heat-energy transfer in the experiment where energy is 
subtracted from the metal and added to the water. The 
entropy of the water is, therefore, increased while the 
entropy of the metal is decreased. 

What Do You Think?

A Physicist’s Response

There are a few factors that determine the final temperature when two 
objects of different temperature are in contact with each other or are mixed 
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 
object. The specific heat of a substance is the amount of energy required to 
raise the temperature of 1 g of the substance by 1° Celsius.  
The specific heat depends upon the atomic/molecular structure of the 
substance. In all cases, energy must be conserved. Heat energy is transferred 
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 
the warmer substance to the cooler substance until a thermal equilibrium is 
reached. When the substances have reached thermal equilibrium, they have 
the same temperature. 
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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.

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.c) 

Many students may predict 
the temperature of the mixture 
correctly, which is halfway 
between the hot and cold value.

Teaching Tip

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) 

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 (__ºC) 
poured into  
100 mL of hot 
water (___ºC). 
(mL)

Final 
temperature 

of water 
mixture (ºC)

50

75

100

125

150
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3.b)

Students’ graphs should appear 
similar to the one below:

3.c)

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

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 fi nal temperatures 
will depend upon the initial 
temperatures, and the type of 
metal used.
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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 
specifi c heat. If they correctly 
understand specifi c heat, they 
should realize that if a piece of 
hot metal with a lower specifi c 
heat was added to cold water, it 
should result in less heat energy 
transferred to the cold water and 
a lower fi nal temperature.

6.b) 

Students compare their value of 
the specifi c heat for the metal 
to the accepted value provided 
by the teacher. Some values of 
specifi c heat are provided below:

Material Specific heat
(J/gºC)

copper 0.385

aluminum 0.897

silver 0.233

gold 0.129

iron 0.450

6.c)  

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 specifi c heat. 
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Ask students if the warm water 
or the metal increased the cool 
water’s temperature more. 
Emphasize that water has a higher 
specifi c heat—that it requires 
more energy per gram to increase 
its temperature than the metal 
does and hence contains more 
energy per gram at equivalent 
temperatures. Ask students what 
values they calculated for the 
specifi c heat of the metal they used 
in the Investigate. Go through the 
description in the student text on 
how to calculate the specifi c heat, 
using student data as an example. 
Then discuss the sample problem.

Have a class discussion on 
conservation of energy. Describe 
for students how energy is 
transformed from one type to 
another and transferred from one 
object to another, but is never 
created nor destroyed. Discuss 
the example of a book falling 
to the ground and the different 
types of energy transformations 
and transfers that occur. Consider 
constructing a diagram, similar 
to the one below, showing the 
fl ow of energy in open and closed 
systems. Emphasize that energy is 
always conserved. 
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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 

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 
fi rst law of thermodynamics 
and point out that the fi rst 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 
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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 fi rst law of 
thermodynamics mathematically. 
The heat energy transferred in 
this system (∆Q) is equal to the 
change in the internal energy of 
the system (∆U) plus the work 
done by or to the system (W) 
in raising the piston. As the gas 
cools, the amount of heat lost 
by the gas ((∆Q) is equal to the 

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

Describe the second law of 
thermodynamics—When two 
objects of different temperatures 
are in contact, heat energy fl ows 
spontaneously from warmer 
objects to cooler objects. This is 
why when hot cocoa is poured 
into a cup the cup does not get 
cooler and the cocoa does not 
get warmer. Emphasize that our 

sense of touch is very subjective, 
for example in a 70˚F room a rug 
would not feel cold, but a 70˚F 
tile fl oor would. This has to do 
with the fact that heat energy 
is transferred from the warmer 
human feet faster to the tile fl oor 
than to the rug. This has to do 
with the heat capacity of the 
fl oor and the rug. The faster the 
rate at which heat energy can be 
transferred through a substance 
that is at a lower temperature, the 
cooler it feels to us.

Discuss entropy by stating 
that entropy is the amount of 
disorder or the amount of heat 
energy transferred that cannot be 
returned because the process is 
irreversible. Describe how entropy 
(disorder) increases when a solid 
turns into a liquid and a liquid 
into a gas. Discuss the example of 
the gas molecules in the student 
text. Emphasize that disorder 
or entropy of a system always 
increases for irreversible processes 
and thermal energy is transferred 
from hot objects to cold 
objects spontaneously. Entropy 
determines that thermal energy 
never spontaneously goes from 
cold to hot. Some reversible and 
irreversible processes are listed 
below in the following table:

Reversible Irreversible

a pendulum car crashes

something that 
oscillates shattered glass

compressing a 
spring

tearing a piece of 
paper

stretching a 
spring

when something 
burns

dropping a 
perfectly elastic 
ball

chewing and 
digesting food
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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 specifi c 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 

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 confi gurations 
is 2 raised to the number of 
particles. The mathematical 
pattern found is that for each side 
there is 1 in 2n possibilities, where 
n is the number of particles. 
Because there are two sides and 
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you are looking for the likelihood 
of all the particles being found 
on either side, there are then 2 
in 2n possibilities, where n 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)10. 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)n, 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 , or one possibility in 
21,000,000,000,000,000,000,000.
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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 specifi c 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?

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 refl ect 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 
correctness of their responses, 
so they consult with their peers 
before they arrive at a fi nal 
answer.
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Refl ecting 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

m m m
c c
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T
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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 

wasteful of time and energy 
because water has a high specifi c 
heat. It takes 4.18 J of energy to 
heat up 1 g of water by 1˚C. 
A cup of water (8 oz) has about 
227 g. To bring room temperature 
water (about 20˚C) to boil (32˚C) 
takes ( . )( )( )4 18 227 12J/g C g C° ° =

,11 386 J of energy or about 
3.2 watt hours of energy. (The 
wind generator will deliver about 
3 kWh per day to each home. As 
the mass of the water increases, 
the amount of energy needed 

increases. Since the rate at which 
the energy supplied is the same, 
it will take more time to boil 
more water.

3. 

More heat energy is transferred 
to cool water when it is heated by 
adding water rather than metal of 
the same mass and temperatures 
because water has a higher 
specifi c heat than metal. This is 
because it takes more energy to 
warm 1 g of water than it does to 
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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.
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4.b) 

The heat energy transferred to the 
cold water is
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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.
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5.a)
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5.b) 
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The negative sign indicates the 
energy of the water decreased.

5.c) 

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)
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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.
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7. 

Using conservation of energy
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8.b) and c) 

Students should use conservation 
of energy to show that this result 
would obey energy conservation 
rules; however, it does not obey 
the laws of thermodynamics. 
Heat energy always flows 
spontaneously from the warmer 
object to the cooler object if they 
are interacting. Heat energy never 
flows from the cooler object to 
the warmer object spontaneously. 
Therefore, this situation is 
physically impossible.
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10.a) 

Active Physics

Plus
W = −300 J, work done on the 
system.

10.b) 

Active Physics

Plus
∆Q = −400 J, heat removed from 
the system.

10.c) 

Active Physics

Plus
∆ ∆U Q W= − = −100 J

11. 

Active Physics

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

12. 

Active Physics

Plus
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 specifi c heat of 
water. For example, 1 g of ice at 
0˚C requires 334 J 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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SECTION 7 QUIZ 

6-7a 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 fi nal temperature of the mixture?

a) 28˚C b) 30˚C

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 specifi c heat.

c) the lower specifi c 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 fl ow between the objects.

c) which object has the greater specifi c 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) specifi c heat. b) internal energy.

c) speed. d) average kinetic energy.

5.  A gas is heated in a closed cylinder fi tted with a movable piston 
as shown in the diagram to the right. When 375 J 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? 

a) 500 J b) 250 J

c) 3 J d) 125 J
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Section 7  Laws of Thermodynamics: Too Hot, Too Cold, Just Right

SECTION 7 QUIZ ANSWERS

1 	 a) �28˚C.  
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2 	 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.

3 	 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.

4 	 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.

5 	� 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.


