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HEAT AND TEMPERATURE
INTRODUCTION

HEAT AND TEMPERATURE

This workshop kit on Heat and Temperature is designed using the discovery approach to learning, hoping to build concepts from those that the students already have when they begin the lessons. Each section has with it a list of the “naive ideas” that research has shown students in grades 4 ‑ 9 bring into the classroom. These ideas are not meant to be pointed out to the students, but are for the teachers information. It is hoped that teachers will use these ideas as tools to understand where the students are “coming from.”

It is hoped that by using the activities in this kit that students will develop some understanding of concepts, rather than merely memorizing terminology. Obviously, some vocabulary is necessary. Stress is put on using the terms “heat energy,” “heat transfer,” “temperature change,” etc. whenever possible. This may help students realize that heat is not a “substance.” (The term “student” in this book refers to teacher participants in workshops as well as the students in the classes they teach.)

Almost all of the activities in this workshop require tables on which experiments can be performed, electrical outlets for lamps and hot plates, and a source of water. Most of the activities are designed to be done in small groups. The materials list identifies the materials needed for a maximum of six groups. Many of the activities require ice, so an ice chest is recommended as a necessary item for this workshop. A fire extinguisher should also be available. For any activities involving the use of open flames or heated liquids, safety goggles should be worn. Students should also be reminded to fasten back long hair and secure any loose clothing.

This unit is divided into the following sections:

1. 
Nature of Heat

2. 
Expansion and Contraction

3. 
Heat Transfer

4. 
Change of State

The Workshop Leader Planning Guide for each of the four sections gives detailed information about the essential ideas and activities covered in each section. The sections are best done in the order given. Following is a list of the naive ideas that students might be expected to have as they begin working on the activities in this book. Many of the activities and demonstrations are aimed both at helping students become aware of their own ideas and helping them change their ideas to the more scientifically accepted.

1   
Heat is a substance. 

2. 
Temperature is a property of a particular material or object. (Metal is naturally colder than plastic.) 

3. 
The temperature of an object depends on its size. 

4. 
Heat and cold are different, rather than being opposite ends of a continuum. 

5. 
When temperature at boiling remains constant, something is “Wrong.” 

6. 
Boiling is the maximum temperature a substance can reach.
7.
Ice cannot change temperature.

8.
Objects of different temperatures which are in contact with each other, or in contact with air at a


different temperature, do not necessarily move toward the same temperature.

9.
Heat energy only travels upward.

10.
Heat rises.

11.
The kinetic theory does not really explain heat transfer. (It is recited, but not believed.)

12.
Objects which readily become warm (conductors of heat) do not readily become cold.

13.
The bubbles in boiling water contain “air,” “oxygen” or “nothing,” rather than water vapor.

WORKSHOP LEADER’S PLANNING GUIDE

NATURE OF HEAT   Section 1

The activities and discussions in this section are designed to address three major concepts about heat energy. The primary idea is that heat energy is obtained from and converted into other forms of energy. The other ideas covered are: 1) heat and temperature are different, and 2) different materials may absorb heat energy at different rates. This section is on an introductory level, however, students need to be familiar with the differences between matter and energy.
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Naive Idea

1.
Heat is a substance. (1A1)

2. 
Temperature is a property of a particular material or object. (Metal is naturally colder than plastic.) (1B2)

3. 
The temperature of an object depends on its size. (1C1)

4. 
Heat and cold are different, rather than being opposite ends of a continuum. (1C1)

5. 
When temperature at boiling remains constant, something is “wrong.” (1C2)


EXPANSION AND CONTRACTION   Section 2

The activities in this section are designed to address the ideas of expansion and contraction of materials when heat energy is added to or removed from a system. Expansion and contraction are temperature dependent phenomena and can, therefore, be used to measure temperature. Concepts are developed at the macroscopic level and are discussed at this level as well as the microscopic level. Explanations at the microscopic level are intended for the teacher and should not be forced on students who may lack the intellectual development level to grasp the explanations.

Naive Idea

1. 
All solids expand at the same rate. (2D4)

HEAT TRANSFER   Section 3

The activities in this section are designed to provide the students with an understanding of the ways in which heat energy is transferred. In working with these activities (and activities in other sections of this book) be careful to use the term heat only to refer to the process by which energy is transferred; the term heat energy should be used to refer to the energy transferred by this process. This section introduces the heat processes of conduction, convection, and radiation. It also reinforces the previously introduced idea that heat energy travels from areas of higher temperature to areas of lower temperature and that heated materials in contact tend to move toward an equilibrium temperature.

Naive Ideas

1.

Objects of different temperatures which are in contact with each other, or in contact with air at a different temperature, do not necessarily move towards the same temperature. (3B1)

2.
Temperature is a property of a particular material or object. (Metal is naturally colder than plastic.) (3D2)

3.
Heat energy only travels upward. (3A1)

4.
Heat energy rises, rather than heated fluid or heated gas rises. (3E1, 3E2, 3E3)

5.
Objects which readily become warm (conductors of heat) do not readily become cold. (3F2)

CHANGE OF STATE   Section 4

The activities in this section are designed to help the students understand how the addition or removal of heat energy can cause materials to undergo a change of state.

Naive Ideas

1. 
Ice cannot change temperature. (4B6)

2. 
When the temperature of a boiling substance remains constant, something is “Wrong.” (4B4)

3. 
The bubbles in boiling water contain “air”, “oxygen”, or “nothing,” rather than water vapor. (4B4)

4. 
All liquids boil at 100oC (212oF) and freeze at 0oC (32oF). (4B6
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MATERIALS LIST


Needed
Name of Item
Description



6
alcohol burners



6
aluminum strips



1
ball and ring apparatus



1
beaker
glass, 600 ml



1
beaker
plastic, 800 ml



1,000
bimetal disks with OP logo



4
bottles
wide mouth, 8 oz.



6
cans
dull black



6
cans
shiny metal



1
clamp
buret, symmetrical



1
conductivity apparatus
Cu, Al, Brass, Steel, Ni‑Ag



1 lb
copper shot



6
copper strips
straight



6
copper strips
U‑shaped



6
droppers



1
flask
500 ml with 1 ‑hole stopper (Size 7)


10 
pieces of tubing
glass (to fit in stoppers), 9” lengths



6
cylinders
graduated, 50 ml



1‑3
hot plates



6
iron strips



1
jar, battery
large



3‑6
lamps and bulbs
200‑W, 100‑W



6
petri dishes
plastic



4
beads
plastic, 4 mm



6
strips
plastic, same size as Cu, Al, etc.



3 ft
pieces of tubing
plastic, 3/16” i.d.



6
stoppers
1 ‑hole (to f ft test tubes)



1
stopper
to fit flask



12
test tubes



30
thermometers
backed, single scale oC



6‑10
thermometers
laboratory



15
thermometers
unmarked



3
tongs



2
vial and lid
small
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REFERENCES

HEAT AND TEMPERATURE

BOOKS

Driver, Rosalind, Edith Guesne, and Andree Tiberghlen editors, 1985. Children’s Ideas In Science. Philadelphia: Open University Press.

Chapter 4 of this book gives a good overview of the research that has been done on the preconceived ideas that children have about heat and temperature.

FrIedl, Alfred E. (1986). Teaching Science to Children: An Integrated Approach. New York: Random House, Inc.

This book contains a unique approach to learning science in which students perform discrepant events in the learning of science ideas. The book contains activities about heat.

Gega, Peter C. (1986). Science In ‑‑Elementary Education. 5th Ed. New York: Macmillan Publishing Company.

The author presents background information about heat followed by discovery activities in basic heat concepts. Included in each activity are many extensions for accelerated students.

Haber‑Shalm, Dodge and Walter. (1981). PSSC Physics, 5th Ed.

Chapter 9: “Molecular Motion, Internal Energy and Conservation of Energy” explains the molecular basis for heat energy. A moderate understanding of impulse and momentum are necessary to understand the chapter. The early part of the chapter deals with the internal energy of gases. The last section gives the basis for heat capacity and spacer ic heat.

Hone, Elizabeth B., Alexander Joseph and Edward Victor. (1971). A Sourcebook for Elementary Science. 2nd Ed. New York: Harcourt Brace and Jovanovich, Inc.

Background information on heat ideas and a collection of heat activities are included in a chapter of this book.

Lowery, Lawrence F. (1985). The Everyday Science Sourcebook. Palo Alto, CA: Dale Seymour Publications.

This sourcebook contains many activities on heat for both lower and upper level students. The book is an especially useful resource of activities for upper level students.

Victor, Edward (1975). Science for the Elementary School. 3rd Ed. New York: Macmillan Publishing Company.

This book is a good resource for definitions and ideas on heat. The ideas are well organized and simply written.

COMPUTER SOFTWARE

Discovery Lab, MECC

In Discovery Lab, students determine the preferences of organisms for a variety of conditions including temperature. Students must control variables and experiment to determine the appropriate conditions for the organisms.

Heat and Temperature: A Microcomputer Based Lab, Que Software or similar programs by Sunburst, Vernier or other suppliers of software.

This software has temperature probes that can be used to observe temperature changes graphically as they occur.
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NATURE OF HEAT

The activities and discussions in this section are designed to address three major concepts about heat energy. The primary idea is that heat energy is obtained from and converted into other forms of energy. The other ideas covered are: 1) heat and temperature are different, and 2) different materials may absorb heat energy at different rates. This section is on an introductory level, however, students need to be familiar with the differences between matter and energy.

Naive Idea  

1  
 Heat is a substance. (1A1)

2. 
Temperature is a property of a particular material or object. (Metal is naturally colder than plastic.) (1B2)

3. 
The temperature of an object depends on its size. (1C1)

4. 
Heat and cold are different, rather than being opposite ends of a continuum. (1C1)

5. 
When temperature at boiling remains constant, something is “wrong.” (1C2)

A
HEAT IS ENERGY THAT IS PRODUCED FROM AND TRANSFORMED INTO OTHER KINDS OF ENERGY.

1. 
Activity: Where Does Heat Energy Come From?


This is a series of demonstrations and discussions that show heat energy being generated from other forms of energy (mechanical, chemical, etc.). Students are then asked to generalize the similarities of the various events.

B.
DIFFERENT MATERIALS CAN ABSORB HEAT ENERGY AT DIFFERENT RATES.

1. 
Activity:   Do All Colors Absorb Radiation at the Same Rate?


This activity is designed to show that darker colors absorb heat faster than lighter colors. It also shows that white and shiny metallic surfaces tend to reflect heat.

2. 
Activity:   How Do Different Materials Absorb Heat Energy? (Parts 1 and 2).


These two activities are designed to show that different materials are able to absorb heat energy at different rates. Water, light sand, and dark soil are used to simulate land and sea.

C.

TEMPERATURE IS DIFFERENT FROM HEAT

1. 
Activity:   How is Temperature Different From Heat? (Parts 1 and 2).


These two activities show that identical masses of two different materials transfer different amounts of heat energy.

2.
Activity: What Happens to Temperature When Water Changes State?


This activity measures the temperature of ice as it changes first to water and then to steam. It shows that not all of the heat energy is used to bring about a change in temperature.

3.
Discussion ‑ Focus On Physics: The Nature of Heat and its Distinction From Temperature.

HEAT AND TEMPERATURE
4A1

HOW CAN YOU HAVE AN ICE CUBE RACE?

Materials:
ice cubes 

plastic cups

thermometer 

water
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1. 
MEASURE and RECORD the air temperature inside a plastic cup. 
___ ___________________________________
2.

Add water to a second cup until almost full and MEASURE the temperature.  
_______________________________
3.
Adjust the temperature of the water so that it is the same as the air temperature by letting it set out for a period of time or by adding hot or cold water.

4.
Find two ice cubes the same size. Place one ice cube in the cup with air and the other in the cup with water.

5.

PREDICT which ice cube will melt faster.
__________________________________________________________
6.

OBSERVE the ice cubes as they melt. Which ice cube melts faster?
______________________________________
7.

EXPLAIN what happened to the ice cubes.


_____________________________________________________________________________________________

_____________________________________________________________________________________________
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HOW CAN YOU HAVE AN ICE CUBE RACE?

IDEA:


PROCESS SKILLS:

Solids may be changed to liquids or gases


Observe

by the transfer of heat energy.


Predict




Explain

LEVEL: L


DURATION: 15 Min.

STUDENT BACKGROUND:

Knowledge that different substances conduct heat energy


differently, and that they have different heat capacities would


facilitate understanding of the activity.

ADVANCE PREPARATION:

Make ice cubes.

MANAGEMENT TIPS:
Students can perform this activity in groups of 3 or 4 people.


It is not necessary to measure accurately the size of the ice


cubes as long as they appear to be identical.

RESPONSES TO

SOME QUESTIONS:
6. 
The ice cube in water will melt faster.


7.
 Encourage students to talk about the change of state.



Heat energy is not conducted from air as effectively as it is



conducted from water
.

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
1.
Transferring heat energy to a solid can cause it to change



state to a liquid.

2.
Heat energy travels differently through different materials.

POSSIBLE EXTENSIONS:
Students could predict the order of melting of an ice cube in a


variety of liquids. Try alcohol and various salt solutions.


Students could also determine the effect of stirring on melting


time within liquids and in the two cups in this activity.

HEAT AND TEMPERATURE


4A2

PRESERVING ICE CUBES

(Contest)

Have a contest to see who can keep an ice cube from melting for the longest period of time. To measure the results, have students pour the melted water into test tubes or graduated cylinders. This means that no paper, cloth, etc. can be wrapped directly around the cube. The cube must be placed in a container which is insulated. It is important to emphasize that heat energy transferred from higher temperature surroundings is what melts the ice cubes.

HEAT AND TEMPERATURE
3D2
WHY DO PLASTIC AND METAL FEEL DIFFERENT?
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Materials:
2 Styrofoam cups
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small copper beads


small plastic beads


thermometer

I.
Fill one cup about halt full of small copper beads and the other with the same amount of plastic beads.

2.
Put your finger in each of the cups. Which material feels warmer to the touch?  _________________________________________
3.
Have your partner feel each material also. Do you agree about which material felt warmer?  ____________________________
4.
Using a thermometer, MEASURE and RECORD the temperature of the copper and plastic beads.



Temperature of Copper  __________
Temperature of Plastic  __________
5. 
EXPLAIN your observations.  _____________________________________________________________________


_____________________________________________________________________________________________

6.
If you were to put the copper and the plastic in the refrigerator, what would you PREDICT about the way they would feel if you were to do the same experiment again?


_____________________________________________________________________________________________


Why do you predict this?  ________________________________________________________________________


_____________________________________________________________________________________________

7.
Obtain some plastic beads and some copper beads that have been in a cool place. Which material feels colder to your fingers?


_____________________________________________________________________________________________

8.
MEASURE and RECORD the temperature of the beads.


Temperature of Copper  =  __________
Temperature of Plastic  =  __________
9.
Would you expect a good conductor to feel warmer or colder if you were to touch it after it had been outside all during a winter night?


_____________________________________________________________________________________________

10.
Do you think that your clothing is a good conductor or a poor conductor?


_____________________________________________________________________________________________


EXPLAIN why.  ________________________________________________________________________________

11.
Would you expect carpet or tile flooring to feel colder when you step on it in the morning?


_____________________________________________________________________________________________


EXPLAIN why.  _______________________________________________________________________________

12.
When you go home today, compare as many objects as you can that are the same temperature. How did you know that these objects were at the same temperature?


_____________________________________________________________________________________________


_____________________________________________________________________________________________

13.
Which object felt the warmest?  _____________________________________________________________________
14.
Which object felt the coldest?  ______________________________________________________________________
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WHY DO PLASTIC AND METAL FEEL DIFFERENT?

IDEA:

PROCESS SKILLS:

Heat energy is conducted at different rates

Measure

in different materials.

Observe



Predict



Compare



Infer

LEVEL: L/L1

DURATION: 30 Min
.

STUDENT BACKGROUND:
Students should know how to read a thermometer.

ADVANCE PREPARATION:
For each group, you will need one cup approximately half full of


plastic beads and one cup with the same amount of copper


beads. (The beads should be “shot” or “BB” size, 4 mm or


less.) It is important that these materials be at the same


temperature (room temperature), Leave the beads out


overnight before doing the activity. Don’t allow sunlight to fall


on them.

For the last part, you will need 2 or 3 sets of cups of beads


which have been refrigerated so that their temperature will be


much less than body temperature. This will increase the


sensation. Refrigerate the beads overnight. Return them to


the refrigerator for at least 2 hours before using them


again.

MANAGEMENT TIPS:
In a classroom situation, it is a good idea for the teacher to pour


the beads. Any time you are using small objects that can


“escape,” it helps to have cups placed on a tray, dishpan or


cake pan to confine spillage.

RESPONSES TO

SOME QUESTIONS:
2.
Plastic.


3.
Probably yes.


4.
The temperatures should be the same.


5.
Discuss at this point. Try to elicit explanations. The idea



you are looking for is that, although the temperatures of



the materials may be the same, they tend to feel



different. This can be accounted for by the fact that poor



conductors, such as plastic, do not allow heat energy to



flow easily. Poor conductors do not allow the body’s



heat energy to be conducted away as readily as good



conductors do. You “feel” temperatures based on



whether heat energy is being conducted to you or away



from you.


6.
The metal would feel colder.


7.
The copper feels colder.


8.
The temperature should be the same.

HEAT AND TEMPERATURE
3D2TN

WHY DO PLASTIC AND METAL FEEL DIFFERENT?  2


9.
A good conductor would feel colder.


10
Layers of clothing are a poor conductor. (They are a 
good insulator). You put clothing on in order to keep your body heat from escaping into the surrounding area.


11.
The tile would feel colder. Carpet is a better insulator.


12.
The reason is because the objects were all in the same place. When an object is in contact with air at a different temperature, heat energy will be transferred until both the air and the object reach the same temperature. Therefore, objects in the same place will eventually reach the same temperature. Refer to the early steps of the activity to reinforce this idea.

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:

Good conductors allow heat energy to flow easily. Poor


conductors do not. To test to see if a material is a good


conductor, have it make contact with a second object at a


different temperature.


Heat energy always flows from an object of higher temperature


to an object of lower temperature. This occurs for good


conductors, as well as for poor conductors.


For example, in a hot car, a fabric car seat is not as warm to the


touch as the steering wheel, and the steering wheel is not as


warm to the touch as the metal part of a seat belt. With good


conductors, heat energy is conducted more rapidly to your


hand than it is with poor conductors. Therefore, the metal


part of the seat belt is the best conductor of heat energy, and


the fabric car seat is the poorest conductor of heat energy.

POSSIBLE EXTENSIONS:
Compare sensations by touching other objects in the room.

HEAT AND TEMPERATURE
1C1
HOW IS TEMPERATURE DIFFERENT FROM HEAT?

Part 1
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Materials:
glass beaker
2 bolts (same materials, different sizes)


tongs
graduated cylinder


water
2 Styrofoarn cups


hot plate
thermometer

1.
Place the two bolts into a beaker of water. Heat the water until it boils for several minutes. Are the bolts at the same temperature?  ______
2.
What is the temperature of the bolts?  ______
3.
Put equal amounts of tap water into each cup. RECORD the temperature of the water.  _____
4.
Use the tongs to remove the large bolt from the boiling water. Immediately put it in one of the cups of tap water. MEASURE and RECORD any changes in the water temperature for a period of three minutes.
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     Initial Temperature                1 Min.               2 Min.                 Min.  
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5.
What happened to the temperature of the water?


_____________________________________________________________________________________________

6.
Repeat the above procedure with the smaller bolt and the remaining cup of tap water. What happens this time?


_____________________________________________________________________________________________

7.
EXPLAIN any differences in the amount of heat energy that was transferred by the two bolts.


_____________________________________________________________________________________________


_____________________________________________________________________________________________
HEAT AND TEMPERATURE
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HOW IS TEMPERATURE DIFFERENT FROM HEAT?  2
Part 2
Materials:

glass beaker (for heating rock)
glass beaker (for heating water)


water
tongs


thermometer
graduated cylinder


hot plate
clock or stopwatch


rock (about the size of
balance


a ping polls ball)
Styrofoam cups

1 .
Mass the rock and put an equal mass of water into one glass beaker. Set aside the water for heating later.

2.
Boil the rock in a different beaker of water. (It doesn’t matter how much water as long as the rock is well covered.)

3.
What is the temperature of the rock?  _________
4.
Put equal amounts of tap water into each cup. RECORD the initial temperature of the water in the chart below and in the chart in Step 9.
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5.
Use the tongs to remove the rock from the boiling water. Put the rock in one of the cups of tap water. RECORD any changes in the water temperature for a period of three minutes in the chart above.

6.

What happened to the temperature of the water?


_____________________________________________________________________________________________

7.
Heat the water that was set aside in Step 1. When the water is boiling, measure and record its temperature.


_____________________________________________________________________________________________

8.
Use the tongs to pour the water quickly into the remaining cup of tap water. MEASURE and RECORD any changes in the water temperature for 3 minutes in the chart below.
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9. 
What happened this time?


_____________________________________________________________________________________________

10.
EXPLAIN any differences in the amount of heat energy that was transferred by the rock and the hot water.


_____________________________________________________________________________________________


_____________________________________________________________________________________________

HEAT AND TEMPERATURE
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HOW IS TEMPERATURE DIFFERENT FROM HEAT?

IDEA:

PROCESS SKILLS:

Temperature is different from heat.

Observe



Record



Infer



Test



Control Variables

LEVEL: L/U

DURATION: 20 Min.

STUDENT BACKGROUND:
Students should be familiar with the notion of thermal


equilibrium: When two bodies at different temperatures come


in contact, energy will be transferred from the hotter to the


colder until they reach the same temperature.

ADVANCE PREPARATION:
Be sure that the length of the bolts is less than the diameter of


the Styrofoam cups.


Prepare a beaker of boiling water prior to the activity.

MANAGEMENT TIPS:
Use just enough tap water to cover the largest bolt for the


greatest amount of temperature change. If more water is used,


the change in the water temperature may not be noticeable.


In the classroom, this activity is best performed as a


demonstration for the lower‑level students. Have the students


help with the recording of temperature changes.

RESPONSES TO

SOME QUESTIONS:
Part 1

1.
Yes. (Some lower‑level students may not realize this. The 
concept is the same as all items in a room being at room



temperature.)


2. 
The temperature is the same as that of the boiling water



(1 OOoC).


4. 
The temperature of the water increased.


6. 
The temperature increased, but not as much as with the



larger bolt.


7.
Even though they were at the same initial temperature, the



bolts did not transfer equal amounts of heat energy. More



heat energy must have been transferred by the larger bolt



because it caused the greatest temperature change in the



tap water.


Part 2

3. 
The temperature is the same as that of the boiling water



(100o).


6. 
The temperature of the water increased.


10. The temperature increased more than it did with the rock.

HEAT AND TEMPERATURE
1C1TN

HOW IS TEMPERATURE DIFFERENT FROM HEAT?  2


10. 
Even though they were at the same initial temperature, the



rock and the hot water did not transfer the same amounts



of heat energy. More heat energy must have been



transferred by the hot water because it caused a greater



temperature change in the tap water. This same idea was



touched upon in the activity “How Do Different Materials



Absorb Heat Energy?” (Part 1). In that activity, when water



was compared to sand, water required more heat energy to



raise its temperature. Therefore, water has a higher heat



capacity than the sand. Here, even though the water



and rock were at the same initial temperature (1000) the



water transferred more heat energy. This is because water



has a higher heat capacity than the rock.

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
Part 1

Temperature and heat are NOT the same. Temperature is a


measure of how hot or how cold something is. When the same


materials are involved, heat energy transfer involves two


things: one is temperature and the other is the quantity of


material.


The two bolts were at the same temperature, but the larger bolt


transferred the most heat energy to the tap water because it


had greater mass.


Part 2

This activity reinforces the concept of heat capacity


developed in Activity 1B2, Part 1, “How Do Different


Materials Absorb Heat Energy?”

Temperature and heat are NOT the same. It is


possible for two things to have the same initial


temperature, but one may transfer more heat


energy than the other.


Temperature is a measure of how hot or cold


something is, When the same amount of material is


involved, heat energy transfer depends on two


things: one is the temperature and the other is the


kind of material.

POSSIBLE EXTENSIONS:

HEAT AND TEMPERATURE
1C2

WHAT HAPPENS TO TEMPERATURE WHEN WATER CHANGES STATE?
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Materials:
hot plate


beaker


crushed ice


thermometer


stirring rod


graph paper

1 .
Fill the beaker half full of crushed ice. MEASURE and RECORD the temperature of the ice.  ________

2.
Place the beaker on the hot plate and begin warming the ice. MEASURE and RECORD the temperature at 1‑minute intervals. Keep the thermometer tip off of the bottom of the beaker. Stir continuously as measurements are made. Continue to take measurements until you have RECORDED at least 3 measurements after the water is boiling.

	Min
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	 oC
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


3.
GRAPH your results.
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4.
Did the temperature rise evenly during the total time of heating? EXPLAIN.


_____________________________________________________________________________________________


_____________________________________________________________________________________________

HEAT AND TEMPERATURE
1C2TN

WHAT HAPPENS TO TEMPERATURE WHEN WATER CHANGES STATE?

IDEA:


PROCESS SKILLS:

Temperature is different from heat.


Observe




Measure




Record




Infer

LEVEL: L/U


DURATION: 30 Min.

STUDENT BACKGROUND:
Students should have the ability to read a thermometer and


graph data on a two‑dimensional coordinate system.

ADVANCE PREPARATION:
Have crushed ice available.

MANAGEMENT TIPS:
If you are using hot plates that are slow to heat, be sure to have


them preheated before beginning the activity.


In the classroom, this can be done as a teacher demonstration.


The graph can be done together on the overhead projector if


lower‑level students need help.

RESPONSES TO

SOME QUESTIONS:
4.
No. Even though the hot plate provided a steady supply of



heat to the ice (or water), the temperature of the ice (or



water) did not rise steadily. At the points where the ice was



melting and again when the water was boiling, the



temperature leveled off. Therefore, the heat must have



been used for something other than raising the



temperature. In one case, heat is used to melt the ice. In



the other case, heat is used to vaporize the water.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
It takes heat to melt ice. Since the ice was melting, we know


that heat energy was being transferred to the ice (or water)


even when the temperature was not rising. Therefore,


temperature and heat must not be exactly the same thing.

POSSIBLE EXTENSIONS:
Upper‑level students may be able to go on to the concept of


calories and how many are used to change ice to water


(80 calories/gram) and water to steam (540 calories/gram).

HEAT AND TEMPERATURE
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FOCUS ON PHYSICS

THE NATURE OF HEAT AND ITS DISTINCTION FROM TEMPERATURE

(Discussion)

For the present, let’s define temperature as simply “that quantity which is measured by a thermometer.” The definition of heat is not quite as simple. Heat is the process by which energy is transferred from a hotter substance to a colder substance when they are in thermal contact. The energy transferred by this process is often referred to as heat energy. Thermal contact means that somehow, heat energy is able to transfer from one object to the other object. For example, the cold drinks in a quality ice chest are not in good thermal contact with the air outside of the ice chest and vice versa.

One object must be hotter than another (it must have a higher temperature) in order for there to be a transfer of heat energy. When there is no longer a temperature difference, there will no longer be a heat energy flow. Therefore, heat energy will be transferred until the objects come to the same temperature. This temperature is sometimes called the equilibrium temperature. The condition of having come to the same temperature is sometimes called a “state of equilibrium” or simply “equilibrium”.

Let’s review some examples of heat energy transfer:

1.
When you rub your hands together, they become warm. The energy of motion of your hands is transformed by friction to make your hands warm. The heat energy flows from your hands to the cooler surrounding air.

2.
When you turn on an electric stove and hold your hand near it, your hand becomes 
warm. Electrical energy is transformed to make the electric coils warm. The heat energy 
flows from the hot coils to your cooler hand (and to the cooler surrounding air).

3.
Your body can warm up the surrounding area. Chemical energy of foods is transformed by your body to keep your body at 98.6oF. Most of the time, the surrounding air is cooler than 98.6oF. Therefore, your body will transfer heat energy to the air.

4.
A flame gives off heat energy. A flame is one indication that a chemical reaction (oxidation) is taking place. The products of this chemical reaction (when a flame is present) are hotter than the surrounding air. They are so hot, that they glow a yellow‑orange color. Therefore, heat energy will be transferred from the hot chemical products to the cooler surrounding air.

5.
Radiation from the sun can make an object warm. In the sun, nuclear energy is released which make the sun much hotter than the space and planets around it. The sun gives off this energy in the form of radiation. Because this radiation makes objects warm, you say that heat energy has been transferred from the sun to the objects.

6.
Radiation from a light bulb can make your hand warm. Electrical energy is transformed to make the wire in the light bulb hot. The wire is so hot that it glows a white‑yellow color. The energy in this wire is therefore given off in the form of radiation. Because this radiation can warm up your hand, you say that heat energy has been transferred from the wire (in the light bulb) to your hand.

Many of the activities showed that sometimes certain objects get hotter than others, even though they were all exposed to the same heat source. How can this be?

HEAT AND TEMPERATURE
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There are two kinds of reasons:

1 .
Some objects are better than others at absorbing certain kinds of energy. For example, from one activity you inferred that darker colored objects absorbed light energy at a faster rate compared to lighter‑colored objects. So even though all pieces of colored paper were exposed to the same source of energy, they absorbed different amounts of energy.

2. Often two objects can absorb the same amount of energy, but have different Increases In temperature. There are three possible situations. 
a. 
The objects are made of the same material, but you have a different amount (mass) of each. For example, you can add a certain amount of heat energy to a small cup of water by putting it over a flame for one minute. Suppose its temperature increased by 30oC. Now if you put a large pot of water over the same flame for one minute so that it receives the same amount of heat energy as the small cup, you would find that the large pot of water hardly changed temperature at all. Why? (Because more material requires more heat energy to warm it up.)
b.
The objects have the same mass, but they’re made of different materials. The activity with the rock and water showed that some objects can have the same temperature, but they can transfer different amounts of heat energy. This is because of the way the different objects store their energy. Just a little energy will make a 50‑g rock change 1 0oC. But you need to give 50‑g of water a lot more energy to make its temperature increase by 1 0oC. because of the way the water stores the energy. Because different materials store their energy differently, they can transfer different amounts of heat energy. The materials have different heat capacities. Water has a very high heat capacity compared to most other materials. 
c.
The objects may be made of the same material and have the same mass, but one is at a temperature where it is undergoing a change of state. For example, consider 100 g of water at 500C and another container with 100 g of water at 1 00oC. Suppose heat energy is added to both containers by putting them on identical hot plates turned to the same setting. In the 500C water, the heat energy will raise the temperature of the water. In the 100oC. water which is the boiling point of water) the heat energy is used to change the water from a liquid to a gas. The temperature does not change; it remains at 1 00oC until all the water has changed to a gas. Once it is all in the gaseous state, then the heat energy is used to raise the temperature of the gas. Similarly, if you have 50 g of ice at 0oC. the melting point, and 50 g of cool water at 5oC and you add heat energy to each, the ice will begin to melt remaining at 00 until it is entirely liquid. Only then will the temperature begin to rise. The 5o water will heat up immediately because there is no change of state to “use up” the heat energy.

The above discussion points out how heat is different from temperature because it is possible for objects to be at the same temperature, but transfer different amounts of heat (and vice versa), One useful way to think of the distinction between heat and temperature is the following:

“If I have a hot object with a certain temperature and I cut the object in half, the temperature of the “half object” is the same as the original temperature. With temperature it doesn’t matter how much material you have. (This is what is meant when science texts write about the intensivity of temperature.)”
“If you could measure the heat which will be transferred from the hot object as it cools off, you would find that the “half object” would transfer half as much heat as the whole object. With heat it does matter how much material you have. (This is what science texts mean when they write about the extensivity of heat.)”
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HOW QUICKLY DOES HEAT ENERGY TRAVEL?

Materials:
Styrofoam cup
copper strip


aluminum strip
iron or steel strip


plastic strip
wood strip


hot water 
cool place

1.
Take each rod and hold it for about 10 seconds. DESCRIBE how each material feels to your hand.


Copper  
_____________________________

Aluminum  
__________________________

Iron  
_______________________________

Plastic  
_____________________________

Wood  ______________________________
2.
Carefully pour hot water into the Styrofoam cup. Place all the strips in the cup at the same time as shown in the diagram. Touch the ends of the strips to see which one gets warm first. List the ORDER in which the materials get warm.

	Copper
	

	Aluminum
	

	Iron
	

	Plastic
	

	Wood
	


3.
CLASSIFY each of these materials as good heat conductors, fair heat conductors, or poor heat conductors.

	
	Good
	Fair
	Poor

	Copper
	
	
	

	Aluminum
	
	
	

	Iron
	
	
	

	Plastic
	
	
	

	Wood
	
	
	



(Hint: If the material feels hotter or colder than your hand, it is probably a good conductor).

5.
What is another name that we give poor heat conductors?  ___________________________________________
6.
Place the strips in a cold place for a few minutes. DESCRIBE how each material feels to your hand.


Copper  _____________________________________________________________________________

Aluminum  __________________________________________________________________________

Iron  _______________________________________________________________________________

Plastic  _____________________________________________________________________________

Wood  ______________________________________________________________________________
7. 
How does the way the materials feel in your hand RELATE to the way that they conduct heat energy?


_____________________________________________________________________________________________

8. 
Hold the materials for several minutes. What happens to the materials?


_____________________________________________________________________________________________

9. 
From where did the heat energy come that caused the materials to get warmer?


_____________________________________________________________________________________________
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HOW QUICKLY DOES HEAT ENERGY TRAVEL?

IDEA:
PROCESS SKILLS:

Heat energy travels through solids by
Observe

conduction.
Infer


Relate


Classify

LEVEL: L
DURATION: 25 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
You will need hot water in sufficient quantities to have approximately 200 mL per group.


Metal strips or rods may be cut from longer pieces of material with a hacksaw. The strips should be the same size. The exact length is not critical but they should be long enough to extend about 5 cm (2 inches) above the water surface.


A means of cooling the strips, such as a refrigerator or cooler with ice, is necessary for Step 6.

MANAGEMENT TIPS:
If the strips extend too far above the water surface, you 
will risk having the cup fall over and spill the hot water. 
The water should be hot enough to be very uncomfortable 
when touched but not hot enough to burn your hand. Hot tap water usually works well.

RESPONSES TO

SOME QUESTIONS:
1. 
The metals will feel colder than the other materials.


2. 
Copper is first with aluminum close behind. Iron is next. 
Plastic and wood are last. (The copper and aluminum may feel the same.)


4.
If the term “conductor” is not a familiar one, introduce it at 
this point. When a strip feels cool to the touch, it is 
conducting heat energy away from your hand. When a 
strip feels warm to the touch, it is conducting heat energy 
IQ your hand. Copper and aluminum are good conductors.



Iron, which takes noticeably longer to get warm, is a fair 
conductor. The plastic and wood, which will not noticeably 
change, are poor conductors.


4.
Poor conductors are Galled insulators.


5. 
The metals feel colder than the other materials.


6. 
The metals conduct heat energy better than the other materials.


7. 
The metals become warmer.


8. 
The heat energy traveled from the hand to the metals.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Many people incorrectly believe that “heat” is like a fluid 
that flows from point to another. This activity may, unfortunately, reinforce that notion. The correct concept, that “energy” travels through the material by going from one particle to the next (see Demonstration “How is Energy Transferred?”), may be too big a leap of reasoning for many lower‑level students, but 4 should be emphasized it possible.

POSSIBLE EXTENSIONS:
Try the activity using ice water instead of hot water.


Try the same experiment using different amounts of


water with the same type of strip for each different


amount.

HEAT AND TEMPERATURE
2WL

WORKSHOP LEADER’S PLANNING GUIDE

EXPANSION AND CONTRACTION

The activities in this section are designed to address the ideas of expansion and contraction of materials when heat energy is added to or removed from a system. Expansion and contraction are temperature dependent phenomena and can, therefore, be used to measure temperature. Concepts are developed at the macroscopic level and are discussed at this level as well as the microscopic level. Explanations at the microscopic level are intended for the teacher and should not be forced on students who may lack the intellectual development level to grasp the explanations.

Naive Idea:

1.
All solids expand at the same rate. (2D4)

A.
THE ADDITION OF HEAT ENERGY USUALLY CAUSES SOLIDS TO EXPAND* THE LOSS OF HEAT ENERGY USUALLY CAUSES SOLIDS TO CONTRACT.

1. 
Activity: How Can You Make the Ball Go Through the Ring?


This activity is designed to show students that when solids are heated, they expand. A ball that fits through a ring at room temperature will not fit through after it has been heated.

2. 
Activity/Overhead: How Can You Explain the Sagging Telephone Line?


This activity also illustrates the idea that solids expand when heated. A model telephone wire stretches when heated and contracts when cooled.

3. 
Discussion ‑ Focus On Physics: Temperature and Some Effects of Heat.

B.
THE ADDITION OF HEAT ENERGY USUALLY CAUSES LIQUIDS TO EXPAND* THE LOSS OF HEAT ENERGY USUALLY CAUSES LIQUIDS TO CONTRACT.

1. 
Activity:  How Can You Compare the Expansion of Liquids?


This activity is a lab showing that liquids expand and that they do not all expand at the same rate. The amount of expansion of three liquids is compared.

C.
THE ADDITION OF HEAT ENERGY USUALLY CAUSES GASES TO EXPAND* THE LOSS OF HEAT ENERGY USUALLY CAUSES GASES TO CONTRACT.

1. 
Activity:  How Can You Make a Coin Move Without Touching It?


This activity allows students to discover that a gas expands. A coin placed on a bottle of cold air moves up. As the air inside the bottle gains heat energy from the environment, the air pressure inside the bottle increases. This “lifts” the coin, allowing the air inside the bottle to expand.

2. 
Activity: How Can You Measure the Expansion of Air?



This activity allows students to observe the amount of expansion of air in a closed system.

3. 
Demonstration: Observations of the Expansion of Air.


This is an interesting demonstration illustrating the expansion of air by observation of the expansion and contraction of a balloon secured on the mouth of a soft drink bottle. When the bottle is placed in hot water, the balloon will expand. When the bottle is placed in ice water, the balloon contracts into the bottle.
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EXPANSION AND CONTRACTION  -  2

D. TEMPERATURE MAY BE MEASURED USING THE PRINCIPLE OF EXPANSION.

1   
Activity:   How Can You Make a Water Thermometer?


Using simple materials, students are given instructions to make a thermometer in which water expands into a tube. This activity shows the expansion and contraction of a liquid and gives a practical application of the idea.

2. 
Activity: How Can a Thermometer Be Calibrated?


Using uncalebrated liquid thermometers, students devise their own scale and mark off a thermometer. This allows them to measure temperature with their own units. Discussion points out the need for standardization of units.

3. 
Activity: How Can You Make an Air Thermometer?


Based on the understanding of the principle of expansion, instructions are given for making and using an air thermometer. Air expands or contracts, which moves water blocking a tube.

4. 
Demonstration/Discussion: The Amount of Expansion of Different Solids Is Not the Same.


Not all solids expand at the same rate. This demonstration uses a bimetallic strip to show that two types of tape expand at different rates. The principle of the bimetallic strips is used in many thermostats, flashers, and in blinking Christmas tree lights.
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HOW CAN YOU EXPLAIN THE SAGGING TELEPHONE LINE?

(DEMONSTRATION/DISCUSSION)

Materials:
2 meters copper wire


2 alcohol lamps


25 cm of string


large lead sinker


meter sticks

Part 1
1
Fasten the copper wire between two supports (such as the backs of two chairs) as illustrated below. 
Tie the sinker to the middle of the wire with string. Ask students to PREDICT what will happen


to the wire if it is heated.

2.
Heat the copper wire on both sides. (Be sure to test the wire ahead of time to make sure it will not melt from the heat of the flame. Also, be sure to have a fire extinguisher or wet blanket available as a safety precaution.) Ask students to OBSERVE and DESCRIBE what happens. Have them EXPLAIN why it happened.

3.
After the questions concerning expansion have been answered, have students PREDICT and then OBSERVE what actually happens when the source of heat is removed.

4.
After allowing time for the wire to cool to room temperature, repeat the activity having students MEASURE the distance of the weight from the chair bottom before and and after heating.

5.
Have students PREDICT what might happen if additional lamps were placed under the wire. Then try it and see. Have students EXPLAIN their observations.

6.
In summary discussion, emphasize that most solids expand when heated and contract when cooled.

POSSIBLE EXTENSIONS: Repeat the activity using wire made of a different kind of metal to show that different materials expand at different rates. Discuss that rubber, unlike most solids, contracts when heated. This can be demonstrated with a rubber band.

Part 2
Show the overhead on the next page and discuss the amount of sag in telephone lines in various

seasons. 
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WHAT IS DIFFERENT ABOUT THE TELEPHONE

LINES IN THE TWO PICTURES? WHY?


(This drawing comes from Teaching Science Inquiry in the Secondary Schools by 
Robert Sund and Leslie Trowbridge, Merrill Book Co., Columbus, Ohio, 1973.)
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HOW CAN YOU MAKE THE BALL GO THROUGH THE RING?


Materials
metal ball and ring



Small dish



candle       



matches



1.
Try to fit the ball through the ring. What happens?


_____________________________________________________________________________________________

2.
Light the candle and attach it to the dish with wax, or light the burner. Heat the ball or the ring in the flame.

3.
Try to fit the ball through the ring again. What happens?


_____________________________________________________________________________________________

4. 
EXPLAIN what happened.


_____________________________________________________________________________________________


_____________________________________________________________________________________________
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HOW CAN YOU MAKE THE BALL GO THROUGH THE RING?

IDEA:
PROCESS SKILLS:

The addition of heat energy usually causes
Observe

solids to expand. The loss of heat energy
Explain

usually causes solids to contract.
Infer

LEVEL: L/U
DURATION: 15 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
If a metal ball and ring apparatus is not available, you can make a


similar apparatus by screwing a screw and screw‑eye into


dowels or the erasers of pencils. The screw‑eye should be


slightly smaller than the head of the screw. Use pliers to adjust


the eye so that the screw head will not fit except when the eye


is heated.


Also, you can make a similar apparatus by wrapping uninsulated


wire tightly around a marble. The marble should not drop


through when placed on the wire ring, but it should drop


through when the wire is heated. Make sure to retain the


insulation on the end of the wire that you will hold or that the


wire is long enough and secured on a dowel to prevent


burning of fingers.

MANAGEMENT TIPS:
An alcohol burner works faster than a candle and is


less messy. (Carbon builds up on the metal when it is heated in


the flame.) If you do chose to use candies, it is a good idea to


line the dish with aluminum foil before mounting the candle as


this makes clean‑up easier.

RESPONSES TO

SOME QUESTIONS:
1. 
The ball will fit through the ring.


3. 
When the ball is heated, it will not fit through the ring. If the



ring is heated, the ball will fit
.


4. 
Heat energy must cause the ball to get larger or expand



for a short period of time. When heat energy is lost to



the environment, the ball cools and contracts. Then the



ball will again fit through the ring.

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
1. 
Solids expand as their temperatures increase.


2. 
Solids contract when their temperatures decrease.

POSSIBLE EXTENSIONS:
Discuss the necessity of having expansion joints in bridges,


why concrete slabs are poured in sections and why fillings must


expand at the same rate as your teeth. (Note: This may be


more appropriate after the entire section on expansion has


been covered.)
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FOCUS ON PHYSICS

TEMPERATURE AND SOME EFFECTS OF HEAT

(Discussion)

Think of matter as being made up of tiny particles which are so small that you can’t possibly see them. These particles are always in motion. In solids, the particles jiggle about in mostly one spot. In liquids, the particles can move about more freely; they can slide along one another much more easily than in a solid. In gases, the particles are completely free from one another as they move about in space.

Temperature is related to how fast these particles are moving. When something is cool, the particles move a little less than when it is warm. When heat energy is added to a substance, its particles become more energetic and move around faster. This is true even for solids. When the metal ball was heated, the particles jiggled around more. How does this explain the expansion of the metal?

Imagine a tray containing Ping‑Pong balls which represent the particles in the solid metal. At room temperature (shaking the tray just a little), they jiggle around a bit. When heat energy is added (more vigorous shaking), they jiggle around more. When particles (or the Ping‑Pong balls) move more rapidly, they collide with and bounce off of one another more vigorously. They also become spaced out a little more as they rebound from their collisions. As the particles (or Ping‑Pong balls) start to spread out, they will take up more room. This is exactly what happened to the particles in the metal ball, and in the telephone wire.

Note that the particles themselves do not “swell” (the Ping‑Pong balls do not get larger), but they simply move faster, collide more vigorously, and take up more room. Unlike the Ping‑Pong balls, there is nothing in between the spread‑out particles in the metal. There is no air and there are no particles in between; just empty space.

When a material’s temperature drops, its particles begin to move more slowly, and thus, the particles can get closer together again. Then the material will be observed to contract (it takes up less room).

The model we have described is called the kinetic model. “Kinetic” refers to the fact that the particles are in motion. This model explains why almost all solids, liquids and gases expand when heated and contract when cooled.
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HOW CAN YOU MAKE A COIN MOVE WITHOUT TOUCHING IT?

Materials:
empty soft drink bottle


water


coin


cooler with ice or a refrigerator

1. 
Cool the bottle in the cooler of ice.

2. 
Place the bottle on a table top.

3. 
Moisten a coin and place it over the mouth of the cool bottle.

4. 
What do you PREDICT will happen to the coin?


_____________________________________________________________________________________________


_____________________________________________________________________________________________

5. 
OBSERVE and RECORD what happens to the coin.


_____________________________________________________________________________________________


_____________________________________________________________________________________________

6. 
How long does the coin continue to move?


_____________________________________________________________________________________________


_____________________________________________________________________________________________

7. 
EXPLAIN what is happening.


_____________________________________________________________________________________________


_____________________________________________________________________________________________


_____________________________________________________________________________________________
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HOW CAN YOU MAKE A COIN MOVE WITHOUT TOUCHING IT?

IDEA:
PROCESS SKILLS:

The addition of heat energy usually causes
Predict

gases to expand. The loss of heat energy
Observe

usually causes gases to contract.
Infer

LEVEL: L
DURATION: 15 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
Gather the materials. It is best for students to perform this


activity as members of a small group. The activity also can be


used as a class demonstration.

MANAGEMENT TIPS:
The coin must be larger than the mouth of the bottle.


The coin must be moistened to provide an airtight seal.

RESPONSES TO

SOME QUESTIONS:
5. 
The coin moves and then returns to its original position.


6. 
Answers will vary depending on the size of the bottle, air



temperature, and the temperature of the air in the bottle.


7. 
As the cool air inside the bottle warms to room



temperature, its pressure increases, causing the coin to



move and allowing the air inside to expand. Some of the air



will then leave the bottle.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1 . The air inside the bottle expands when it warms up and



leaves the bottle.


2.
Heat energy from the environment is transferred through



the bottle to the air inside.

POSSIBLE EXTENSIONS:

Upper‑level students could compare the movement of the coin


with air cooled to different temperatures. Students could also


make the same kinds of comparison using containers with


different volumes.


Reverse the procedure beginning with a heated bottle, After the bottle has been cooled in ice cubes, try to pull the coin directly up. (Students could make observations and explain their results.) The coin will be difficult to lift straight up because the air inside the bottle has cooled and contracted and doesn’t exert as much pressure on the coin as the outside air. Once the air inside the bottle returns to room temperature, it will be easy to again lift the coin.
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OBSERVATIONS OF THE EXPANSION OF AIR

(Demonstration)

An interesting demonstration illustrating the expansion of air is the observation of the expansion and contraction of a balloon secured on the mouth of a soft drink bottle. When the bottle is placed in hot water, the balloon will expand. However, when the bottle is placed in ice water, the balloon contracts into the bottle.
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HOW CAN A THERMOMETER BE CALIBRATED?

Materials:
unmarked thermometer


crayon or wax marker


index card


water‑resistant tape


boiling water


ice water mixture

1 ‑
Design a method by which you could mark off your thermometer into units which could be used to measure the temperature of common objects.

2.
Follow your experimental design and mark off your thermometer.

3.
Pick three things or places around school and MEASURE the temperature of them using the thermometer you have marked. RECORD your temperature readings below:

	Thing or Place
	Temperature Reading

	
	

	
	

	
	


4.
COMPARE the measurements your group got with those of other groups. Did every group get the same temperatures when they measured the same places?


_____________________________________________________________________________________________
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HOW CAN A THERMOMETER BE CALIBRATED?

IDEA:
PROCESS SKILLS:

Temperature may be measured by using the
Experiment

principle of expansion.
Control Variables


Observe


Infer

LEVEL: U
DURATION: 40 Min.

STUDENT BACKGROUND:
A thorough understanding of the principle of thermometers is necessary, as is the ability to control variables in an experiment.

ADVANCE PREPARATION:
Have a hot plate with a container of boiling water available, and have a container with a mixture of crushed ice and water. A supply of rulers for evenly marking off the units will also be necessary.

MANAGEMENT TIPS:
Thermometers that have lost their metal backings may be used for this activity. Blank thermometers can also be purchased from many science suppliers.


This can be done in groups of 2 to 4 people. Let the students use their imagination in naming the units.

RESPONSES TO

SOME QUESTIONS:
1. 
Students will need to mark off certain known temperatures,



such as the boiling point and freezing point of water. Allow



them to figure this out for themselves with as little guidance



as possible. They may decide to use room temperature or



body temperature as “known” temperatures! The boiling



point can be found by putting the thermometer bulb in



steam over boiling water.


2.
The freezing point can be found by stirring the bulb in the



ice water mixture. The thermometer can be marked by



taping it to a card and writing on the card.


3.
Answers will vary. If students tried to calibrate the



thermometers from freezing to boiling, the answers may be



very close.


4.
Answers will probably vary. (This would be a good time to



have a discussion of the necessity for standardization.)

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
Temperature may be measured by using the principle of


expansion.


Measurements must be standardized in order to be useful to


large numbers of people.

POSSIBLE EXTENSIONS:
Discuss whether thermometers calibrated in boiling water at 5,000 feet elevation would be correctly marked for 1 00oC at sea level. (Answer is NO because at high altitudes water boils at a temperature below 100oC
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HEAT TRANSFER

The activities in this section are designed to provide the students with an understanding of the ways in which heat energy is transferred. In working with these activities (and activities in other sections of this book) be careful to use the term heat only to refer to the process by which energy is transferred; the term heat energy should be used to refer to the energy transferred by this process. This section introduces the heat processes of conduction, convection, and radiation. It also reinforces the previously introduced idea that heat energy travels from areas of higher temperature to areas of lower temperature and that heated materials in contact tend to move toward an equilibrium temperature.

Naive Ideas:

1.
Objects of different temperatures which are in contact with each other, or in contact with air at a 
different temperature, do not necessarily move towards the same temperature. (3B1)

2.
Temperature is a property of a particular material or object. (Metal is naturally colder than plastic.) (3B2)

3.
Heat energy only travels upward. (3A1)

4.
Heat energy rises, rather than heated fluid or heated gas rises. (3E1, 3E2, 3E3)

5.
Objects which readily become warm (conductors of heat) do not readily become cold. (3F2)

A
HEAT ENERGY TRAVELS FROM AREAS OF HIGHER TEMPERATURES TO AREAS OF LOWER TEMPERATURES.

1. 
Activity:  What happens When You Put the End of a Metal Strip in Hot Water?


This activity is designed to dispel the notion that heat energy always travels upward. The temperature at the end of a U‑shaped strip is compared to the temperature of a straight strip.

2. 
Demonstration: Match in Fork.


This demonstration involves placing 2 wooden matches between two different sets of tines of a fork. The match with more wood above the tines will bum longer even though it was lit first.

3. 
Demonstration: Copper Coil in Flame.


Place a coil of small‑diameter copper wire over the flame of a small candle. The f lame will go out because the metal conducts the heat energy away from the burning gases.

B.
HEATED MATERIALS IN CONTACT TEND TO MOVE TOWARD EQUILIBRIUM TEMPERATURES.

1.
 Activity: How Do Heated Objects Affect Their Surroundings?


This activity uses heated water in air to show that a heated object transfers heat energy to its surroundings.

2. 
Computer Activity: Can Equilibrium Be Reached?


Using the probes from the Heat and Temperature computer‑based lab equipment by HRM Software or Broderbund, a graphic representation of the above lab (3B1) can be seen.

3. 
Activity: What Happens When Water of Different Temperatures Is Mixed?


This is an extensive set of activities that develop the concept of the exchange of energy through the mixing of water of different temperatures.

4. 
Activity: How Much Heat Energy Does It Take to Melt an Ice Cube?


This activity has students utilize the mixing of water and their knowledge of graphing to discover how much heat energy it takes to melt an ice cube.
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C.
HEAT ENERGY TRAVELS THROUGH SOLIDS BY CONDUCTION.

1. 
Activity: How Quickly Does Heat Energy Travel?


Students compare the rate of heat energy flow through strips of metal, wood, and plastic.

2. 
Demonstration: How Is Energy Transferred?


This demonstration uses the students themselves to show how energy can be transferred from one small body to another.

3. 
Discussion ‑ Focus On Physics: Heat Energy Transferred by Conduction.

D.
HEAT ENERGY IS CONDUCTED AT DIFFERENT RATES IN DIFFERENT MATERIALS.

1. 
Activity: How Is Heat Energy Conducted Through Metals?


Heat energy flows at different rates in different conductors. This activity shows the effect of heat energy flow through different metals.

2. 
Activity: Why Do Plastic and Metal Feel Different?


This activity allows students to address the conflict between the actual temperature of an object and the sensation of the object’s warmth or coolness.

3. 
Demonstration: Insulation with Different Materials.


This demonstration involves filling various jars with hot water and seeing how diff erent types of insulation affect the temperature of the water.

E.
HEAT ENERGY TRAVELS BY CONVECTION THROUGH LIQUIDS AND GASES AS MOVEMENT OCCURS IN THESE FLUIDS.

1. 
Demonstration: What’s Going On in That Boiling Pot?


This demonstration is used to introduce convection. It also serves to help the students see that density differences are the cause of convection.

2. 
Activity: Why Does the Water Mix?


This activity uses colored hot and cold water to show that when the hot water is on top, no mixing occurs. When the cold water is on top, it sinks and mixing does occur.

3. 
Discussion ‑ Focus On Physics: Heat Energy Transferred by Convection.

4. 
Overhead: How Does the Heated Air Travel Throughout a Room?


This overhead shows where heat and air conditioning ducts should be placed and why windows should be opened both at the top and the bottom.

HEAT AND TEMPERATURE
3WL

WORKSHOP LEADER’S PLANNING GUIDE

HEAT TRANSFER  -  3

5. 
Overhead: Land and Sea Breeze.


This overhead shows how heated air rises over land during the day, allowing the cool breeze to blow in from the sea towards the land. At night, the process is reversed.

6. 
Overhead: Worldwide Wind Patterns.


This overhead shows how worldwide patterns are caused by Convection cells created as heated air rises, cools, and sinks.

7. 
Overhead: Cross Section of the Earth.


This overhead shows the proposed model of convection currents suggested as a mechanism for plate tectonics and continental drift.

F. HEAT ENERGY TRQAVELS THROUGH SPACE By RADIATION


1   Demonstration: Radiation f rom the Skin.


Have students hold the palms of both of their hands very close to their cheeks. Ask if they can feel the heat energy given off by their hands and cheeks.


2. 
Activity: How Fast Do Cans Radiate Heat Energy?


This activity compares the rate of heat energy transfer of two cans, one shiny and the other dull.

3. 
Discussion ‑ Focus On Physics: Heat Energy Transferred by Radiation.

HEAT AND TEMPERATURE


3B3

WHAT HAPPENS WHEN WATER OF

DIFFERENT TEMPERATURES IS MIXED?


Materials:
Styrofoam cup


thermometer


graduated cylinder


water samples at different


temperatures


graph paper

Part A

Devise and conduct an experiment which will show how the temperature of water affects the melting of ice. Devise and conduct another experiment to show how the amount of water affects the melting of ice. RECORD any results, and be ready to discuss these with the rest of the class.

Part B

1.
PREDICT what the final temperature of a mixture would be if you mix 2 measures of water with 2 measures of water, if both samples are at the same temperature. EXPLAIN the reasons for your prediction.


_____________________________________________________________________________________________

2.
Put 2 measures of water in a Styrofoam cup and 2 measures of water in another Styrofoam cup. Make sure that the water in both cups is at the same temperature and RECORD the temperature in the following chart. Then mix the two samples. MEASURE and RECORD the temperature of the mixture in the chart.

	
	Amount
	Temperature

	Sample A
	
	

	Sample B
	
	

	Mixture of A and B
	
	


3.
On graph paper, draw a bar graph that shows the results of this mixing.

Part C

4.
PREDICT what would happen if you mixed two samples which were the same temperature, but different amounts. EXPLAIN the reasons for your prediction.


_____________________________________________________________________________________________

5.
Put 2 measures of water in one Styrofoam cup and 3 measures of water in another Styrofoam cup. Make sure that the water in both cups is at the same temperature and RECORD that temperature in the following chart. Mix the two samples. MEASURE and RECORD the temperature of the mixture in the following chart.

	
	Amount
	Temperature

	Sample A
	
	

	Sample B
	
	

	Mixture of A and B
	
	


6.
Use graph paper to graph the results of this mixing.
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Part D

7.
PREDICT what would happen if you mixed two samples of water which were different temperatures, but in the same amounts. EXPLAIN the reasons for your prediction.


_____________________________________________________________________________________________

8.
Try this experiment. RECORD and GRAPH your results. EXPLAIN the reasons for your prediction.

	
	Amount
	Temperature

	Sample A
	
	

	Sample B
	
	

	Mixture of A and B
	
	


Part E

9.
See if you can DRAW a graph to PREDICT the final temperature of the following mixture:


2 measures of ice water and 3 measures of warm water.

10. MIX the samples from Step 9 and RECORD the appropriate measurements in the chart below.

	
	Amount
	Temperature

	Sample A
	
	

	Sample B
	
	

	Mixture of A and B
	
	


11.
Perhaps your prediction and the final temperature of the mixture were not the same. LIST some possible reasons for this.


_____________________________________________________________________________________________


_____________________________________________________________________________________________
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WHAT HAPPENS WHEN WATER OF

DIFFERENT TEMPERATURES IS MIXED?

IDEA:
PROCESS SKILLS:

Heat is transferred between materials until an
Observe

equilibrium temperature is reached.
Record


Infer


Test


Predict

LEVEL: U
DURATION: 1 or 2 Sessions

STUDENT BACKGROUND:
The ability to read a thermometer is necessary. Knowledge of


basic charting and graphing would be helpful.

ADVANCE PREPARATION:
Part A:
Tap water.


Part B:
Approximately 1 gallon (4 liters) of tap water and 1




gallon of water 10‑20oC warmer than the tap water.


Part C:
Approximately 1 gallon (4 liters) of tap water and 1




gallon of water 10‑20oC warmer than the tap water.


Part D:
Approximately 1 gallon (4 liters) of warm water and




approximately 1 gallon of ice water.


The exact temperature of the water is not critical. Do whatever works to give two different samples.

MANAGEMENT TIPS:
This activity is best done in small groups of 2 to 4 students. It is


good for teacher concept development, but may be too


advanced for many student groups.


Review appropriate graphing techniques:


A convenient way to graph the data is to use a bar graphing


technique. Let the x‑axis of the graph represent measures of


water and let the y‑axis represent temperature, as illustrated in


the sketch below. Fill in the graph using squares. The width


of each square should be 1 measure, and the height of each


square should be 1 degree of temperature. To represent one


measure of water at 21oC, draw a bar that is one square wide


and 21 squares tall!
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Note: Each square on the graph represents one Heat Energy


Unit (HEU). The HEU is an arbitrary unit. This unit would be


calories if the quantity of material, in this case water, were


measured in grams, and the temperature were measured in oC.


From the Part A activity, it was found that temperature and


amount of water affected the melting of ice. The dimensions of


the square are temperature and amount.


Below is an example of using this graphing technique to


predict the final temperature of a mixture. Suppose you were


to mix 3 measures of water at 270C and 2 measures of water at


43oC These samples are represented on the graph below by


bars consisting of 81 squares and 86 squares, respectively.


Naturally, the final mixture will be 5 measures of water. What will


the final temperature be? The resultant mixture is represented


by a bar that is 5 measures wide and contains 167 squares or


HEU’s (81 + 86 = 167). On the graph, draw a bar that consists


of 167 HEU’s to represent the resultant mixture, as seen in


the graph below. From the graph, you can see that the


resultant mixture will be between 330C and 34oC.


Mathematically, you could find the resultant temperature by


dividing 167 HEU’s by 5.


Errors will be reduced if: a) the hot water is less than 60oC,


and b) the cooler water is added to the warmer water, rather


than the reverse. (The warm water cools off as it is poured.)


Insulated (Styrofoam) cups must be used.


In Step 9, make sure there is no ice in the student’s samples,


just ice water

RESPONSES TO

SOME QUESTIONS:

1. The water mixture should be the same temperature as




the original samples. Heat energy is not transferred




between objects of the same temperature.
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2.
Example Data ‑



Sample A:
2 m and 200C



Sample B:
2 m and 200C



Mixture of A and B:
4 m and 200C


3.
The following graph shows 2 measures of water at 20oC being mixed with 2 measures of water at 20oC The result is 4 measures of water at 20oC



8.
The temperature of the mixture will be mid‑way between the temperatures of the two samples.


11.
A major source of error may be cooling of the warmer samples between the time their temperature is measured and when the two samples are mixed. The mixtures may also cool some before their temperatures are measured.

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
Heat energy is transferred until an equilibrium temperature is 
reached.


Heat and temperature are different.

POSSIBLE EXTENSIONS:
Try mixing several more samples to see if the rule works.

With advanced students who thoroughly understand the concept, you might try adding a known mass of steel washers

(which have been heated to 1 00oC in boiling water) to 100 g of tap water. The prediction by graphing will not work because the washers behave differently than water. This can lead into the concept of specific heat.
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The activities in this section are designed to help the students understand how the addition or removal of heat energy can cause materials to undergo a change of state.

Naive Ideas:

1. 
Ice cannot change temperature. (4B6)

2. 
When the temperature of a boiling substance remains constant, something is “wrong.” (4B4)

3. 
The bubbles in boiling water contain “air”, “oxygen”, or “nothing,” rather than water vapor. (4B4)

4. 
All liquids boil at 100oC (212oF) and freeze at 0oC (32oF). (4B6)

A
SOLIDS MAY BE CHANGED TO LIQUIDS OR GASES BY THE TRANSFER OF HEAT ENERGY.
1.
Activity:  How Can You Have an Ice Cube Race?


This activity introduces the change of state of matter. Students predict whether an ice cube in


water or in air will melt first.

2.
Contest: Preserving Ice Cubes.


Have a contest to see who can keep an ice cube from melting for the longest period of time. To


measure the results, have students pour the melted water into test tubes or graduated cylinders.


This means that no paper, cloth, etc. can be wrapped directly around the cube. The cube must be


placed in a container which is then insulated. it is important to emphasize that heat energy is what


melts the ice cube.

3.
Activity:  How Can You Change a Solid to a Gas?


This activity shows the sublimation of solid moth balls into a gas that escapes into the environment.


Students should be aware that some solids can change directly from solids into gases.

4.
Discussion ‑ Focus On Physic   Changing Solids to Liquids, and Solids to Gases.

B.
LIQUIDS MAY BE CHANGED TO GASES OR SOLIDS BY THE TRANSFER OF HEAT ENERGY.

1. 
Actively: How Do Liquids Change to Gases?


This activity introduces the effects of heat on evaporation. Evaporation of drops of water and alcohol at room temperature are compared to the evaporation of drops at body temperature.

2. 
Activity: How Does Evaporation Affect Temperature?


This activity is a logical extension of the two previous activities. The effects of evaporation of water and alcohol on temperature are explored.

3. 
Demonstration: Observation of Condensation.


Students can observe the change of a gas to a liquid as the gas is cooled. Have them observe the condensation which forms on an uninsulated cup of cold water. Encourage students to name other places they have experienced condensation. These could include a bathroom mirror after a hot shower, dew on plants and automobiles, or breathing on a mirror.
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4. 
Activity: Boiling, Bubbles, and Temperature.


Students are encouraged to explore heat transfer and temperature change as water changes from a liquid to a gas by boiling.

5. 
Discussion ‑ Focus On Physics: Evaporation, Condensation, and Boiling.

6. 
Demonstration: What is the Freezing Temperature of Liquids?


The change of state from liquid to solid can be discussed with the students.

7. 
Demonstration: How Can You Freeze a Liquid Above 0oC?


Students can be made aware that not all liquids freeze at 0oC?

8.
Overhead: Water Cycle.


Use this overhead to discuss the changes of state that occur in nature.

HEAT AND TEMPERATURE
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HOW CAN YOU HAVE AN ICE CUBE RACE?

[image: image1.png]



Materials:
ice cubes 


plastic cups 


thermometer 


water

1   
MEASURE and RECORD the air temperature inside a plastic cup. ____________

2.
Add water to a second cup until almost full and MEASURE the temperature. ____________

3.
Adjust the temperature of the water so that it is the same as the air temperature by letting it set out for a period of time or by adding hot or cold water.

4.
Find two ice cubes the same size. Place one ice cube in the cup with air and the other in the cup with water.

5.
PREDICT which ice cube will melt faster. _______________________________________________________

6.
OBSERVE the ice cubes as they melt. Which ice cube melts faster? _____________________________________

7.
EXPLAIN what happened to the ice cubes. ____________________________________________________________


_______________________________________________________________________________________________


_______________________________________________________________________________________________
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HOW CAN YOU HAVE AN ICE CUBE RACE?

IDEA:


PROCESS SKILLS:

Solids may be changed to liquids or gases


Observe

by the transfer of heat energy.


Predict




Explain

LEVEL: L


DURATION: 15 Min

.

STUDENT BACKGROUND:
Knowledge that different substances conduct heat energy


differently, and that they have diff erent heat capacities would


facilitate understanding of the activity.

ADVANCE PREPARATION:
Make ice cubes.

MANAGEMENT TIPS:
Students can perform this activity in groups of 3 or 4 people.


It is riot necessary to measure accurately the size of the ice


cubes as long as they appear to be identical.

RESPONSES TO

SOME QUESTIONS:
6. 
The ice cube in water will melt faster.


7. 
Encourage students to talk about the change of state.



Heat energy is not conducted from air as effectively as it is



conducted from water.

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
1. 
Transferring heat energy to a solid can cause it to change



state to a liquid.


2. 
Heat energy travels differently through different materials

.

POSSIBLE EXTENSIONS:
Students could predict the order of melting of an ice cube in a


variety of liquids. Try alcohol and various salt solutions.


Students could also determine the effect of stirring on melting


time within liquids and in the two cups in this activity.

HEAT AND TEMPERATURE
4A2

PRESERVING ICE CUBES


(Contest)

Have a contest to see who can keep an ice cube from melting for the longest period of time. To measure the results, have students pour the melted water into test tubes or graduated cylinders. This means that no paper, cloth, etc. can be wrapped directly around the cube. The cube must be placed in a container which is insulated. It is important to emphasize that heat energy transferred from higher temperature surroundings is what melts the ice cubes.
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Materials:
large jar with a lid


moth balls

1. 
Place several moth balls into a large jar.

2. 
Put the lid on the jar and place it upside down on a shelf.

3. 
OBSERVE the jar closely over a period of two weeks.

4. 
What do you PREDICT will happen?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5. 
OBSERVE and RECORD what has happened to the inside of the jar.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6. 
EXPLAIN what has happened.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

7. 
How is this change of state in matter different from the other changes you have observed?


_______________________________________________________________________________________________


_______________________________________________________________________________________________
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IDEA:


PROCESS SKILLS:

Solids may be changed to liquids or gases


Observe

by the transfer of heat energy.


Inter




Explain

LEVEL: L/U


DURATION: 2 Sessions





(Over a 2‑Week Period)

STUDENT BACKGROUND:
It is helpful for students to have completed activities in which


water has changed to both a gas and a solid.

ADVANCE PREPARATION:
None.

MANAGEMENT TIPS:
This activity may be done as a demonstration.


Depending on the size of the jar and the temperature, it may


take several days before crystals on the inside of the jar can be


observed without magnification.


Discuss observations at several points during the observation


period. The change of state in which a solid changes from a


solid directly to a gas is called sublimation.

RESPONSES TO

SOME QUESTIONS:
5. 
Crystals form on the inside of the jar and the moth balls



become smaller.


6. 
The moth balls changed to a gas and then back to a solid



(i.e., crystallized on the inside of the jar).


7. 
The moth balls changed directly from a solid to a gas and



then back to a solid. The moth balls did not change to a



liquid before changing to a gas or before changing back to



a solid, as with most other changes in matter.

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
1. 
Transferring heat energy to or from matter may cause a



change of state.


2. 
Transferring heat energy to a solid can cause a change of



state directly to a gas.

POSSIBLE EXTENSIONS:
Discuss other sublimations or demonstrate some in class. Dry


ice sublimes to carbon dioxide gas and many solid deodorizers


sublime directly into a gaseous state.


Compare the effect of the amount of heat on crystal formation


of moth balls. Place the experimental jar of moth balls in a warm


place and a control jar of moth balls in a place at room


temperature.


Determine the mass of ten moth balls. Mass again at regular


intervals over several weeks. Graph the results.

HEAT AND TEMPERATURE
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FOCUS ON PHYSICS

CHANGING SOLIDS TO LIQUIDS AND SOLIDS TO GASES

(Discussion)

Melting is the process whereby a solid goes to a liquid state. What happens to the particles in a solid as you heat the solid? The particles move faster and faster and the solid's temperature increases. Finally, the particles move so fast that they break away from each other and slide easily along one another and the material can flow. The breaking point happens at a definite temperature (which is associated with a certain energy of motion for the particles), and is called the melting temperature of the material. As heat energy is added to a material which is melting, the heat energy causes the material to change from a solid to a liquid. The added heat energy does not cause the temperature to change while it is melting.

Freezing is the reverse process and occurs at the same temperature as the melting temperature.

Sublimation is the process whereby a solid goes directly to a gaseous state without becoming a liquid. To understand how this can happen, recall that particles of a solid are always jiggling around. The particles on the surface of the solid, however, are not as confined as the particles in the center of the solid. Therefore, if a particle on the surface gets hit by a particularly energetic neighbor, it may get knocked free of the solid and escape into the air as a gas. Certain substances tend to do this more easily than other substances.

Part of the reason moth balls have such a strong, distinct odor is because the solid moth balls undergo sublimation ‑they go directly from a solid into the air as a gas.

HEAT AND TEMPERATURE
4B1

HOW DO LIQUIDS CHANGE TO GASES?

Materials:
alcohol


water


medicine droppers


paper towels

1.
Use a medicine dropper to place a drop of water on your desk. Use another medicine dropper to place a drop of alcohol on your desk near to the water.

2.
PREDICT which drop will evaporate faster.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

3.
What did you OBSERVE?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

4.
EXPLAIN your observation.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5.
What do you PREDICT would happen if the drops were placed on a surface with more heat?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.
Try ft. TEST your prediction by placing a drop of water and a drop of alcohol on your hand.

7.
How does evaporation time COMPARE with the evaporation time of the liquids on your desk?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

8.
EXPLAIN your answer.


_______________________________________________________________________________________________


_______________________________________________________________________________________________
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HOW DO LIQUIDS CHANGE TO GASES?

IDEA:
PROCESS SKILLS:

Liquids may be changed to gases or solids
Observe

by the transfer of heat energy.
Predict


Infer


Explain


Test

LEVEL: L/U
DURATION: 25 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:

MANAGEMENT TIPS:
Finish the activity by discussing everyday life observations of


evaporation: water evaporating from puddles, steam rising


from a boiling pot, evaporation of water from a sink or bathtub,


perspiration evaporating from one's skin, and clothes drying on


a clothesline.

RESPONSES TO

SOME QUESTIONS:
3. 
The drop of alcohol evaporates faster than the water.


4. 
Different liquids evaporate at different rates.


5. 
The drops will evaporate faster.


7. 
Evaporation of both drops will be faster on students'



hands.


8. 
The liquids evaporate faster because the heat energy



transferred from the hand is greater than the heat energy



transferred from the desk top.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Transferring heat energy to a liquid may cause it to become a gas.

POSSIBLE EXTENSIONS:
The evaporation rates of alcohol and water could be compared


by timing the evaporation of a circle of each liquid on a


horizontal surface. Try using a circle with a diameter of 0.5 m for


each liquid.


Students could also measure equal amounts of water and


alcohol into graduated cylinders, baby food jars, or saucers and


compare the volume of material left in the cylinders over a


period of 5 days. The data could be displayed in a classroom


data chart, such as the one below.
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HOW DOES EVAPORATION AFFECT TEMPERATURE?

Materials:
alcohol


water


medicine droppers


cotton baslls


thermometers


rubber bands


beaker

1.
Attach a cotton ball to each of two thermometers with rubber bands.

2.
READ and RECORD the temperature of each thermometer in the following data chart.

3.
Put 10 drops of water on one cotton ball and 15 drops of alcohol on the other cotton ball.

4.
READ, and in the data chart above RECORD, the temperature of each thermometer every 2 minutes.

5.
What do you PREDICT will happen to the temperatures recorded on the thermometers?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.
What do you OBSERVE about the temperatures?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

7.
How are the temperatures of the thermometers different?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

8.
EXPLAIN the differences.


_______________________________________________________________________________________________


_______________________________________________________________________________________________
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HOW DOES EVAPORATION AFFECT TEMPERATURE?

IDEA:
PROCESS SKILLS:

Liquids may be changed to gases or solids
Observe

by the transfer of heat energy.
Predict


Infer


Compare


Test

LEVEL: L/U
DURATION: 25 Min.

STUDENT BACKGROUND: 
Students should have completed the previous activity on how liquids change to gases.

ADVANCE PREPARATION:
None.

MANAGEMENT TIPS:
This activity can be performed in groups of 3 or 4. Also, this


activity can be set up in a learning center.

RESPONSES TO

SOME QUESTIONS:
6. 
Temperatures drop on both thermometers.


7. 
The thermometer in the alcohol saturated cotton ball will



read a lower temperature than the thermometer in the



water‑saturated cotton ball.


8. 
Students should infer that the evaporation of alcohol is



faster and removes heat energy from the thermometer



faster than the evaporation of water.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Transferring heat energy to a liquid may cause it



to become a gas.


2.
A liquid may remove heat energy from its surroundings as it



evaporates, leaving the surroundings cooler.


3.
Different liquids evaporate at different rates.

POSSIBLE EXTENSIONS:
1.
Have students fan the thermometer and observe



the change in temperature as the water and alcohol



evaporate.


2.
Have students graph "temperature versus time" results.


3.
Have students wave thermometers (or have fan blow over



them) to see what effect this has on "temperature versus



time."
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OBSERVATION OF CONDENSATION


(Demonstration)

Students can observe the change of a gas to a liquid as the gas is cooled. Have them observe the condensation which forms on a cup of cold water. Encourage students to name other places they have experienced condensation. These could include a bathroom mirror after a hot shower, dew on plants and automobiles, or breathing on a mirror.
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OBSERVATION OF CONDENSATION

(Demonstration)

Materials:
Two large jars with lids


Hot water


Ice water

1  
Fill one jar haft‑full of HOT tap water. Fill the other jar half‑full of ice water (with ice cubes floating in the water.) Place the lids on both jars, and set the jars where students can observe them.

2.
Ask the students to PREDICT whether or not they will see condensation forming on each jar. Ask them WHERE they might see this condensation.

3.
Have the students observe the jars. After a few minutes, students will notice that condensation has formed on the inside upper portion of the glass in the jar containing the hot water, and condensation has formed on the outside lower portion of the glass of the jar containing the ice water.

4.
Ask students to EXPLAIN why the condensation formed in different places on the t   wo jars.


(In the jar of hot water, some of the hot water evaporates into the air in the jar, and then later cools and


condenses on the inside walls. In the jar of ice water, heat energy is transferred from the glass and


surrounding air to the colder water, thus cooling the outside air and causing water vapor to condense


on the outside of the jar.

5.
Discuss how this experiment explains why condensation sometimes (usually in summer) forms on the OUTSIDE of windows and at other times (usually in the winter) it forms on the INSIDE of windows.

6.
Encourage students to name other places they have experienced condensation. These could include a bathroom mirror after a hot shower, dew on plants and automobiles, or breathing on a glass window.

NOTE:
Many students think that condensation formed on the OUTSIDE of a glass of cold water comes from the water in the jar that has passed through the glass!
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BOILING, BUBBLES, AND TEMPERATURE

Materials:
hot plate


beaker


water


thermometer


stirring rod


graph paper

1.
Fill the beaker half full of water and RECORD the volume. Also, MEASURE and RECORD the temperature of the water.



Volume: ____________
Temperature: ____________

2.
Place the beaker on the hot plate and begin warming the water. Set the hot plate control to approximately a 3/4 heat scale. MEASURE and RECORD the temperature at 1‑minute intervals. Keep the thermometer tip off of the bottom of the beaker. Stir before each measurement is made. Continue to take measurements until you have RECORDED at least 3 measurements after the water has started boiling.


3.
GRAPH your results.

4.
Did the temperature rise evenly during the total time of heating?


_______________________________________________________________________________________________


EXPLAIN.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5.
When the water is boiling, what is happening to the liquid water?.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.
Do the bubbles form at the top, middle, bottom, or sides of the beaker?


_______________________________________________________________________________________________


_______________________________________________________________________________________________


Why do you suppose they form there?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

7.
What is inside the bubbles in boiling water?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

HEAT AND TEMPERATURE
4B4

BOILING, BUBBLES, AND TEMPERATURE  -  2

8.
PREDICT what you think would happen if after the water was already boiling, you were to turn the hot plate temperature setting up. Do you think the temperature would change?


_______________________________________________________________________________________________

9.
Turn the hot plate temperature setting up and RECORD the temperature for another 5 minutes. (Remember to keep the thermometer tip off of the bottom of the beaker.)


10. 
Did the temperature change? __________
EXPLAIN.


_______________________________________________________________________________________________

11.
RECORD the volume of the water remaining in the beaker. COMPARE it with the amount measured in #1. EXPLAIN if there has been a change in volume.


_______________________________________________________________________________________________


_______________________________________________________________________________________________
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BOILING, BUBBLES, AND TEMPERATURE

IDEA:

PROCESS SKILLS:

Temperature is different from heat.

Observe



Measure



Record



Infer

LEVEL: L/U

DURATION: 30 Min.

STUDENT BACKGROUND:
Ability to read a thermometer.

ADVANCE PREPARATION:
Gather the equipment. In the classroom, this can be done as a teacher demonstration.

MANAGEMENT TIPS: 
If you are using hot plates that are slow to heat, be sure to have them preheated before beginning the activity. If lower‑level students need help, the graph can be done together on an overhead projector.

RESPONSES TO

SOME QUESTIONS:
4.
No. Even though the hot plate provided a steady supply of 
heat energy to the water, the temperature of the water did 
not rise steadily. At the points where the water was boiling, the temperature leveled off. Therefore, the heat energy 
must have been used for something other than raising the 
water temperature. Heat is used to vaporize the water.


5.
The liquid water is being changed into a gas: steam.


6.
The bubbles form at the bottom of the beaker where the heat energy is being transferred from the hot plate.


7.
The heat energy changes liquid water into gaseous water (steam). Because the heat energy is transferred to the 
bottom of the beaker first, that is where the steam forms. Therefore, the bubbles contain steam, which is just water in the gaseous state. These bubbles float to the top and the steam is eleased into the air. The liquid water is being changed into a gas called steam or water vapor. Note: Steam is transparent, i.e., you cannot see it. The cloud you see above boiling water is not steam. What 
you see is condensed liquid water droplets. The steam that 
left the surface of the water cools quickly and condenses into droplets.


9.
The temperature did not rise when the hot plate temperature setting was increased. The hot plate transferred more heat energy to the water, but the waters temperature did not increase. Instead, the heat energy was used to vaporize the water into steam.

POINTS TO EMPHASIZE IN

SUMMARY DISCUSSION:
Heat was being transferred to the water even when the temperature was not rising. Therefore, temperature and heat must not be exactly the same thing.


During boiling, the heat energy is not used to change 
temperature. It is used to change the liquid into a gas. The bubbles in boiling water contain gaseous water ‑ steam.

POSSIBLE EXTENSIONS:
Pursue Questions 8 ‑ 10 for the case of melting ice instead of boiling water. 
Repeat the activity with different liquids. 
Upper‑level students may be able to go on to the concept of  calories and how many are used to change ice to water (80 
calories/gram) and water to steam (540 calories/gram).
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FOCUS ON PHYSICS

EVAPORATION, CONDENSATION, AND BOILING

(Discussion)

Evaporation is the process whereby a liquid changes to a gas. This is how puddles, your damp skin, and clothes on a line eventually dry. Particles of liquid water jiggle around: occasionally the ones on the surface are hit by a particularly energetic neighbor. Such particles can be knocked free of the liquid. Particles which escape from the liquid have energy. Therefore, the liquid remaining behind loses some energy and the liquid's temperature decreases slightly. This is how perspiration helps you cool off. When perspiration evaporates, the excess energy of the escaping particles comes from your body surface, making you feel cooler.

Condensation is the reverse process, where gaseous material changes back into a liquid form.

Boiling is a special case of evaporation. It occurs at a definite temperature for any given material. When a liquid is heated, its particles move more and more rapidly. When the boiling temperature (or boiling point) is reached and heat is still added, the particles have enough energy to break away from one another and become part of the gaseous state. As heat energy is added to a liquid at the boiling point, the temperature of the liquid does not change. All of the heat energy is used to change the liquid to a gas. Only when all of the liquid is changed into a gas will the heat energy be used to raise the temperature again.

HEAT AND TEMPERATURE
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WHAT IS THE FREEZING TEMPERATURE OF LIQUIDS?

(Demonstration)

The change of state from liquid to solid can be discussed with the students. If dry ice or a freezer is available, students could compare the freezing time of water alone and water containing various concentrations of salt. Add 5 cc of salt. to 250 ml of water for the comparison. Additional salt. solutions can be prepared by increasing the salt. by 5 cc while keeping the 250 ml of water. Note that some of the solutions may not freeze.

To tie the idea into practical experience, discuss the use of salt. on icy roads, rock salt. in ice cream freezers, and antifreeze in car radiators.

To extend this discussion you could freeze small thermometers in ice cubes using clip clothes pins to keep the bulb off of the bottom. Demonstrate that the temperature of the ice cube is less than 0oC. 

(WARNING: Some thermometers may crack if warmed too quickly).
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4B7D

HOW CAN YOU FREEZE A LIQUID ABOVE 0oC?

(Demonstration)

Materials:
Large test tube


Test tube holder


Thermometer


Moth flakes or crystals*


Alcohol Burner


Safety Goggles

Students can be made aware that not all liquids freeze at 0oC.

Place moth flakes into the test tube until 3/4 full. Using the test tube holder, gently heat the test tube over the alcohol burner until the moth flakes have completely melted. Remove from the heat, insert the thermometer, and read the temperature at 30 second intervals as the melted moth flakes cool and "freeze" into a solid. (Be sure the the thermometer bulb is not touching the glass sides or bottom of the test tube.)

As a possible extension, have students graph "Temperature vs. Time" to see that the temperature remains constant while freezing occurs.

Discuss the temperatures at which different common liquids solidify (freeze).

Moth flakes (and moth balls) are made of either paradichlorobenzene or napthalene. Paradichlorobenzene melts (and freezes) at about 55oC. Napthalene melts (and freezes) at about 81oC. Be sure to heat several degrees above the melting temperature.

SAFETY NOTE: If using a Bunsen burner, heat the test tube in a water bath.
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FOCUS ON PHYSICS

CHANGING SOLIDS TO LIQUIDS AND SOLIDS TO GASES

(Discussion)

Melting is the process whereby a solid goes to a liquid state. What happens to the particles in a solid as you heat the solid? The particles move faster and faster and the solid's temperature increases. Finally, the particles move so fast that they break away from each other and slide easily along one another and the material can flow. The breaking point happens at a definite temperature (which is associated with a certain energy of motion for the particles), and is called the melting temperature of the material. As heat energy is added to a material which is melting, the heat energy causes the material to change from a solid to a liquid. The added heat energy does not cause the temperature to change while it is melting.

Freezing is the reverse process and occurs at the same temperature as the melting temperature.

Sublimation is the process whereby a solid goes directly to a gaseous state without becoming a liquid. To understand how this can happen, recall that particles of a solid are always jiggling around. The particles on the surface of the solid, however, are not as confined as the particles in the center of the solid. Therefore, if a particle on the surface gets hit by a particularly energetic neighbor, it may get knocked free of the solid and escape into the air as a gas. Certain substances tend to do this more easily than other substances.

Part of the reason moth balls have such a strong, distinct odor is because the solid moth balls undergo sublimation ‑they go directly from a solid into the air as a gas.
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