
Mr. Varner’s Scope and Sequence  

May 25 th No School 
May 26th Attend the Live Meeting from 12:00 to 12:30 
May 27th Complete Chapter 10 Test 
May 28th Complete Chapter 11 Vocabulary 
May 29th Read Chapter 11 Reading 
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Units of heat and thermal energy
The joule The metric unit for measuring heat is the joule. This is the same joule used to 

measure all forms of energy, not just heat. A joule is a small amount of heat. 
The average hair dryer puts out 1,200 joules of heat every second!

The calorie One calorie is the amount of energy (heat) needed to increase the temperature 
of 1 gram of water by 1 degree Celsius. One calorie is a little more than 
4 joules (Figure 11.2). You may have noticed that most food packages list 
“Calories per serving.” The unit used for measuring the energy content of the 
food we eat is the kilocalorie, which equals 1,000 calories. The kilocalorie is 
often written as Calorie (with a capital C). If a candy bar contains 210 
Calories, it contains 210,000 calories, or 879,060 joules!

The British thermal
unit

Still another unit of heat energy you may encounter is the British thermal unit,
or Btu. The Btu is often used to measure the heat produced by heating systems 
or heat removed by air-conditioning systems. A Btu is the quantity of heat it 
takes to increase the temperature of 1 pound of water by 1 degree Fahrenheit. 
One Btu is a little more than 1,000 joules.

Why so many units? The calorie and Btu units were being used to measure heat well before 
scientists knew that heat was really energy. The calorie and Btu are still used, 
even 100 years after heat was shown to be energy, because people give up 
familiar ways very slowly!

Unit Is Equal To

1 calorie 4.186 joules

1 kilocalorie 1,000 calories

1 Btu 1055 joules

1 Btu 252 calories

Heat and Work
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specific heat 

Material
Specific heat

(J/kg°C)

water 4,184
wood 1,800

aluminum 900
concrete 880

glass 800
steel 470

Specific heat
Temperature, mass,

and material
If you add heat to an object, how much will its temperature increase? It 
depends in part on the mass of the object. If you double the mass of the 
object, you need twice as much energy to get the same increase in 
temperature. The temperature increase also depends on what material you 
are heating up. It takes different amounts of energy to raise the temperature 
of different materials. 

The temperature increase of an object depends on 
its mass and the material from which it is made.

Temperature and
type of material

You need to add 4,184 joules of heat to one kilogram of water to raise the 
temperature by 1°C (Figure 11.3). You only need to add 470 joules to raise 
the temperature of one kilogram of steel by 1°C. It takes nine times more 
energy to raise the temperature of water by 1°C than it does to raise the 
temperature of the same mass of steel by 1°C. 

Specific heat Specific heat is a property of a material that tells us how much heat is 
needed to raise the temperature of one kilogram by one degree Celsius. 
Specific heat is measured in joules per kilogram per degree Celsius (J/kg°C). 
A large specific heat means you have to put in a lot of energy for each degree 
of increase in temperature. 

Uses for specific
heat

Knowing the specific heat tells you how quickly the temperature of a 
material will change as it gains or loses energy. If the specific heat is low
(like steel), then temperature will change relatively quickly because each 
degree of temperature change takes less energy. If the specific heat is high
(like water), then the temperature will change relatively slowly because each 
degree of temperature change takes more energy. Hot apple pie filling stays 
hot for a long time because it is mostly water, and therefore has a large 
specific heat. Pie crust has a much lower specific heat and cools much more 
rapidly. The table in Figure 11.4 lists the specific heat for some common 
materials.
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Why is specific heat different for different materials?
Why specific heat

varies
In general, materials made up of heavy particles (atoms or molecules) have 
low specific heat compared with materials made up of lighter ones. This is 
because temperature measures the average kinetic energy per particle. Heavy 
particles mean fewer per kilogram. Energy that is divided between fewer 
particles means more energy per particle, and therefore more temperature 
change.

An example: silver
and aluminum

Suppose you add 4,000 joules of energy to a kilogram of silver and 
4,000 joules to a kilogram of aluminum. Silver’s specific heat is 235 J/kg°C 
and 4,000 joules is enough to raise the temperature of the silver by 17°C. 
Aluminum’s specific heat is 900 J/kg°C. 4,000 joules only raises the 
temperature of the aluminum by 4.4°C. The silver has fewer atoms than the 
aluminum because silver atoms are heavier than aluminum atoms. When 
energy is added, each atom of silver gets more energy than each atom of 
aluminum because there are fewer silver atoms in a kilogram. Because the 
energy per atom is greater, the temperature increase in the silver is also 
greater.
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Material
Specific heat

(J/kg°C)

water 4,184
wood 1,800

aluminum 900
concrete 880

glass 800
steel 470
silver 235
gold 129

a. 35,200 J

b. 116.1 J

Calculating energy changes from heat
How could you figure out how much energy it would take to heat a swimming pool or boil a pot of 
water? The heat equation below tells you how much energy (E) it takes to change the temperature 
(T ) of a mass (m) of a substance with a specific heat value (Cp). Figure 11.5 shows the specific 
heat values for some common materials.

Solving Problems: Heat Equation

How much heat is needed to raise the temperature of a 250-liter hot tub from 
20°C to 40°C? (Hint: 1 liter of water has a mass of 1 kilogram.)

1. Looking for: You are looking for the amount of heat energy needed in joules.

2. Given: You are given the volume in liters, temperature change in °C, and specific 
heat of water in J/kg°C. You are also given a conversion factor for volume to 
mass of water.

3. Relationships: E = mCp(T2 – T1)

4. Solution: E = (250L  1kg/L)  4,184 J/kg°C (40°C  20°C) = 20,920,000 J

Your turn...

a. How much heat energy is needed to raise the temperature of 2.0 kg of 
concrete from 10°C to 30°C? 

b. How much heat energy is needed to raise the temperature of 5.0 g of gold 
from 20°C to 200°C?



25711.1

Chapter 11HEAT

Section 11.1 Review

1. When you hold a piece of chocolate in your hand, why does the chocolate 
melt?

2. Which is a larger unit of heat: calorie, kilocalorie, Btu, or joule?
3. Which of the following would require more energy to heat it from 10°C to 

20°C?
a. 200 kg of water
b. 200 kg of aluminum
c. 100 kg of steel 

4. What is the difference between temperature and heat?
5. What conditions are necessary for heat to flow?
6. How much heat energy is required to raise the temperature of 

20 kilograms of water from 0°C to 35°C?
7. The temperature increase of an object depends on:

a. Its mass
b. Its velocity
c. The material from which it is made
d. Answers a and c
e. None of the above

8. On a night at the beach, which would you expect to cool faster: the ocean 
water or the beach sand? Explain your answer.

9. Why is the high specific heat of water important to our planet?
10. Which material would have a higher specific heat:

a. a material made of heavier particles
b. a material made of lighter particles
c. the mass of the particles does not affect specific heat
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heat transfer

heat conduction

thermal equilibrium

11.2 Heat Transfer
Thermal energy flows from higher temperature to lower temperature. This process is called heat
transfer. How is heat transferred from material to material, or from place to place? It turns out 
there are three ways heat flows: heat conduction, convection, and thermal radiation.

Heat conduction
What is conduction? Heat conduction is the transfer of heat by the direct contact of particles of 

matter. If you have ever held a warm mug of hot cocoa, you have 
experienced heat conduction. Heat is transferred from the mug to your hand. 
Heat conduction only occurs between two materials at different temperatures 
and when they are touching each other. In conduction, heat can also be 
transferred through materials. If you stir hot cocoa with a metal spoon, heat 
is transferred from the cocoa, through the spoon, and to your hand.

Heat conduction is the transfer of heat by the direct 
contact of particles of matter.

How does
conduction work?

Imagine placing a cold spoon into a mug of hot cocoa (Figure 11.6). The 
molecules in the cocoa have a higher average kinetic energy than those of the 
spoon. The molecules in the spoon exchange energy with the molecules in 
the cocoa through collisions. The molecules within the spoon itself spread 
the energy up the stem of the spoon through the intermolecular forces 
between them. Heat conduction works both through collisions and also 
through intermolecular forces between molecules.

Thermal equilibrium As collisions continue, the molecules of the hotter material (the cocoa) lose 
energy and the molecules of the cooler material (the spoon) gain energy. The 
kinetic energy of the hotter material is transferred, one collision at a time, to 
the cooler material. Eventually, both materials are at the same temperature. 
When this happens, they are in thermal equilibrium. Thermal equilibrium 
occurs when two objects have the same temperature. No heat flows in 
thermal equilibrium because the temperatures are the same.
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convection

Convection
What is convection? Have you ever watched water boil in a pot? Bubbles form on the bottom and 

rise to the top. Hot water near the bottom of the pan circulates up, forcing 
cooler water near the surface to sink. This circulation carries heat through the 
water (Figure 11.9). This heat transfer process is called convection.
Convection is the transfer of heat through the motion of matter such as air 
and water.

Natural convection Fluids expand when they heat up. Since expansion increases the volume but 
not the mass, a warm fluid has a lower mass-to-volume ratio (called density)
than the surrounding cooler fluid. In a container, warmer fluid floats to the 
top and cooler fluid sinks to the bottom. This is called natural convection.

Forced convection In many houses a boiler heats water and then pumps circulate the water to 
rooms. Since the heat is being carried by a moving fluid, this is another 
example of convection. However, since the fluid is forced to flow by the 
pumps, this is called forced convection. Natural and forced convection often 
occur at the same time. Forced convection transfers heat to a hot radiator. 
The heat from the hot radiator then warms the room air by natural 
convection. Convection is mainly what distributes heat throughout the room.
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Heat transfer, winds, and currents
Thermals are small

convection currents
in the atmosphere

Have you ever seen a hawk soaring above a highway and wondered how it 
could fly upward without flapping its wings? The hawk is riding a thermal—
a convection current in the atmosphere (Figure 11.12). A thermal forms 
when a surface like a blacktop highway absorbs solar radiation and emits 
energy as heat. That heat warms the air near the surface. The warmed air 
molecules gain kinetic energy and spread out. As a result, the heated air near 
the highway becomes less dense than the colder air above it. The heated air 
rises, forcing the colder air to move aside and sink toward the ground. Then 
this colder air is warmed by the heat from the blacktop, and it rises. A 
convection current is created.

Giant convection
currents

There are also giant convection currents in the atmosphere. These form as a 
result of the temperature difference between the equator and the poles. Warm 
air at the equator tends to rise and flows toward the poles. Cooler, denser air 
from the poles sinks and flows back toward the equator. When air flows 
horizontally from an area of high density and pressure into an area of low 
density and pressure, we call the flowing air wind.

Global wind cells While it might seem logical that air would flow in giant circles from the 
equator to the poles and back, the reality is more complicated than that. The 
warm air from the equator doesn’t make it all the way to the poles because of 
Earth’s rotation. In fact, the combination of global convection and Earth’s 
rotation sets up a series of wind patterns called global wind cells in each 
hemisphere (Figure 11.13). These cells play a large role in shaping weather 
patterns on Earth.

Ocean currents The global wind patterns and Earth’s rotation cause surface ocean currents to 
move in large circular patterns. Ocean currents can also occur deep within 
the ocean. These currents move slower than surface currents and are driven 
by temperature and density differences in the ocean. Surface and deep 
currents work together to move huge masses of water around the globe. 
Ocean currents play a big role in heating and cooling some parts of Earth.
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Section 11.2 Review

1. What is thermal equilibrium?
2. Which state of matter—solid, liquid, or gas—is the best at conducting 

heat? Why?
3. Cooking pots are made of metal but often the handle of a cooking pot is 

made of a type of plastic or rubber. Explain why this design makes sense.
4. A down jacket keeps your body warm mostly by reducing which form of 

heat transfer?
a. conduction
b. convection
c. thermal radiation

5. What is the advantage of designing a thermos so that it has a vacuum 
layer surrounding the area where hot liquids are stored?

6. What is the difference between forced and natural convection?
7. Examine the scene below. Explain what types of heat transfer are 

occurring in the scene and where each is occurring:

8. How does heat from the Sun get to Earth?
a. conduction
b. convection
c. thermal radiation

9. Explain the roles of density and temperature in convection.
10. A sailor on a sailboat depends on the process of convection. Explain why 

this is so.

Where Does Solar Radiation Go?

solar radiation
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Chapter 11 Assessment

Vocabulary

Section 11.1

Section 11.2

Concepts
Section 11.1

Section 11.2


