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Section 9
Comparing Energy Consumption:  
More for Your Money
Section Overview

Students investigate the efficiency of three different 
appliances used to heat equal amounts of water 
from the same initial temperature to a given final 
temperature. They calculate the energy consumed by 
each appliance, the efficiency of each appliance, and 
the cost. They are then introduced to heat transfer 
by conduction, convection, and radiation. Applying 
the concepts of power and energy consumption, 
students determine the cost and efficiency of various 
common household appliances. They then apply the 
information they gather to determine which type 
of water-heating appliance and other household 
appliances they will include in their appliance design 
package and what guidelines they will supply. 

Background Information

Often, the words thermal energy and heat energy 
are interchanged; however, they mean different 
things. Thermal energy is the internal energy of a 
substance that is affected when heat energy is added 
to the substance. Thermal energy depends on the 
temperature of the substance and its mass. 

When heat energy is added to a substance it may 
increase the average kinetic energy of the molecules 
making up the substance. The average kinetic energy 
of the atoms/molecules making up a substance is its 
temperature. If the substance is undergoing a phase 
change (e.g., solid to liquid, liquid to gas, etc.), then 
the temperature does not change. This is because 
the overall temperature or average kinetic energy of 
all the molecules does not change. What occurs is a 
transfer of kinetic energy from the more energetic 
molecules to the less energetic molecules until all the 
atoms or molecules in the solid state have become 
energetic enough to break the bonds that held them 

in place to reach a liquid state. After this occurs, 
the temperature begins to rise again if more heat  
is added.

As a liquid substance is heated, the liquid molecules 
gain kinetic energy. The average kinetic energy rises 
and so the temperature rises, until the liquid reaches 
its boiling point. At this point, the atoms/molecules 
have enough energy for their bonds to break, and 
they fly apart from each other forming a gas. The 
temperature doesn’t rise because the liquid particles 
cannot move any faster without escaping the  
liquid state.

When substances condense or become solid, heat 
energy from the substance is transferred to its 
surroundings. Heat energy is the energy transferred 
from one object to another during an interaction 
that increases the average kinetic energy of the 
substance on the molecular level (the temperature), 
or changes the phase of the substance. The volume 
of the substance may also change when heat is 
transferred to it. Most solids will expand when 
heated since their molecules/atoms are more 
energetic and move back and forth with a greater 
amplitude even though they are still held in place. 
Water is an exception to this. At water’s freezing 
point it expands – that is ice takes up more space 
than the same number of water molecules in the 
liquid state. 

An important fact is that almost all interactions 
result in at least one of the interacting objects 
becoming warmer. No energy description of 
interactions is complete without accounting for the 
heat transfers that are byproducts of interactions. 
These heat transfers are often connected with energy 
loss in the system. Fundamentally, thermal energy is 
kinetic energy (energy of motion) at the atomic level.
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Crucial Physics

�Heat energy is transferred when a warmer object interacts with a cooler object. Heat energy •	
may be transferred by conduction, convection, or radiation.

�Although various devices may consume equal amounts of energy, they may not transfer their •	
energy to another system equally well. The ability of one system to transfer its energy to 
another system is a measure of the system’s efficiency.

�Heat transferred by conduction occurs when objects of different temperature are in contact •	
with each other and heat energy is transferred from particle to particle. This occurs within a 
substance or between two substances.

�Heat energy transferred by convection occurs through the movement of a fluid (gas  •	
or liquid).

�Heat energy transferred by radiation occurs when the warmer object emits electromagnetic •	
radiation in all directions and the cooler object absorbs some or all of it. The objects do not 
have to be in contact with each other. 

Learning Outcomes Location in the Section Evidence of Understanding

Measure and compare the 
energy consumed by appliances.

Investigate
Steps 1-6

Students measure the initial and final temperatures and 
the time involved in heating a known amount of water 
using a microwave, a hot plate, and an immersion heating 
coil. They calculate the energy consumed to heat the water 
from the known power ratings and time. 

Compare the costs of operating 
a variety of electrical appliances 
in terms of power ratings, 
amount of time each appliance 
is used, and billing rate.

Investigate
Steps 8 and 9

Students measure time and temperature change involved 
in heating a known amount of water. They calculate the 
energy transferred to the water using the mass, specific 
heat, and measured temperature change. They compare 
the energy consumed by each heating appliance to the 
amount of energy transferred to the water. Then they 
compare the cost effectiveness of each appliance for 
heating water. Students also compare the costs of using 
various appliances (selected in the previous section) for  
a month. 

Distinguish among the three 
ways of heat transfer.

Physics Talk Students are introduced to and should discuss how heat 
energy may be transferred by conduction, convection, 
and radiation and describe the method of heat energy 
transfer for each appliance they used to warm water. They 
distinguish between these types of heat energy transfer as 
they answer questions.
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Materials and Equipment

PLAN A
Materials and Equipment

Group  
(4 students)

Class

Beaker, glass, 1 L 3 per group

Stirring rod, glass, 8 in.-12 in. 1 per group

Thermometer 1 per group

Heater, electric immersion 1 per group

Stopwatch 1 per group

Hot plate, student, electric 2 per class

Wire gauze, square, 4 in. x 4 in. 
(w/ ceramic center)

2 per class

Scale, electronic, 0.1-g readability, 
0-1500 g

1 per class

Wire gauze, square, 4 in. x 4 in. 
(w/ ceramic center)

2 per class

Water, cold, 1 L* 1 per group

Access to a microwave oven* 1 per class

*Additional items needed not supplied

Time Requirements
�•	Allow at least one class period or 45 minutes for 
this Investigate.

�Depending on the wattage of the appliances •	
chosen, the Investigate may take a longer or 
shorter amount of time.  

Teacher Preparation

�This •	 Investigate requires a microwave oven. One 
may be available to be borrowed from the school’s 
teacher’s lounge, or you may choose to bring 
one from home. Inexpensive ovens may also be 
purchased for less than $50.

�The power output of the microwave oven is listed •	
on the back or the inside of the oven. This is not 
the power the microwave uses.

�The student groups should rotate through use of •	
the microwave oven. If the temperature of the 
water is only raised to 50°C for the three methods 
of heating, the time to heat one liter should not  
be more than about three minutes for even  
small ovens.

Safety Requirements

�Do not heat the water above 50°C to prevent any •	
dangers of spilled hot water.

�Observe the safety precautions for thermometers •	
in Sections 7 and 8.

Goggles are required.•	

�Observe the safety rules for use of the hot plate in •	
Section 7.

�Observe the safety rules for use of the heating coil •	
in Sections 7 and 8.

Section 9 Materials, Preparation, and Safety 
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Materials and Equipment

PLAN B
Materials and Equipment

Group  
(4 students)

Class

Beaker, glass, 1 L 3 per class

Stirring rod, glass, 8 in.-12 in. 1 per class

Thermometer 1 per class

Heater, electric immersion 1 per class

Stopwatch 1 per class

Hot plate, student, electric 2 per class

Wire gauze, square, 4 in. x 4 in. 
(w/ ceramic center)

2 per class

Scale, electronic, 0.1-g readability, 
0-1500 g

1 per class

Wire gauze, square, 4 in. x 4 in. 
(w/ ceramic center)

2 per class

Water, cold, 1 L* 1 per class

Access to a microwave oven* 1 per class

*Additional items needed not supplied

Time Requirements
�•	Allow at least one class period or 45 minutes for 
this Investigate.

�Depending on the wattage of the appliances •	
chosen, the Investigate may take a longer or 
shorter amount of time.  

Teacher Preparation

�This •	 Investigate requires a microwave oven. One 
may be available to be borrowed from the school’s 
teacher’s lounge, or you may choose to bring 
one from home. Inexpensive ovens may also be 
purchased for less than $50.

�The power output of the microwave oven is listed •	
on the back or the inside of the oven. This is not 
the power the microwave uses.

�The student groups should rotate through use of •	
the microwave oven. If the temperature of the 
water is only raised to 50°C for the three methods 
of heating, the time to heat one liter should not  
be more than about three minutes for even  
small ovens.

Safety Requirements

�Do not heat the water above 50°C to prevent any •	
dangers of spilled hot water.

�Observe the safety precautions for thermometers •	
in Sections 7 and 8.

Goggles are required.•	

�Observe the safety rules for use of the hot plate in •	
Section 7.

�Observe the safety rules for use of the heating coil •	
in Sections 7 and 8.
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Meeting the Needs of All Students
Differentiated Instruction: Augmentation and Accommodations

Learning Issue Reference Augmentation and Accommodations

Organizing data Investigate
Step 9

Augmentation
• �Many students struggle to organize data in a way that can be easily shared 

with other people. If students did not create similar charts in Section 8, provide 
them with a blank data table that has labeled columns to transfer data from 
their logs onto the sheet. This will allow the data to be shared more easily with 
group members.

Accommodation
• �To minimize copying errors and save time, provide copies of individual 

student’s data.

Calculations with 
decimal numbers

Comparing decimals

Physics to Go
Questions 4-6

Augmentation
• �Students who struggle with number sense and concepts often ignore or 

misplace decimal points. 
• �Remind students of the importance of decimal points by providing them with 

some examples to compare. “Would you want your allowance to be $0.50  
or $50?” 

• �Remind students to copy all of the numbers exactly as they appear from their 
papers into the calculator and from the calculator to their logs, including the 
decimal points.

NoteS
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Strategies for Students with Limited English-Language Proficiency

Learning Issue Reference Augmentation

Comprehension

Higher-order 
thinking

Active Physics 
Plus

Remind students of their experience in Section 4 of this chapter where they used 
a scale of 1 to 10 to rate their confidence in knowing the contents of the black 
box. They can apply that experience when they design their cooking experiment.

You may wish to have a brief discussion about subjectivity vs. objectivity. Science 
is primarily concerned with objectivity, but when factors outside of science 
come to play in decision-making (such as determining the “best” way to cook a 
hot dog), subjective concerns play a role as well. As young adults, students will 
encounter many situations in which they must weigh objective scientific data 
against subjective social concerns.

Answering higher 
order questions

Physics to Go
Question 7

When students evaluate cooking utensils, you may wish to have some pots, pans, 
and other implements, such as spatulas and spoons, on hand for reference and 
comparison.

ELL students benefit greatly from writing in English. 
Ask students to write definitions for heat transfer, 
conduction, convection, and radiation in their own 
words. Have them give examples of each of the 
three types of heat transfer, and include labeled 
illustrations as well. Encourage them to state how 
each type of heat transfer follows the second law  
of thermodynamics.

Students could also write about what it means for 
an appliance to be energy efficient. Students’ ideas 
could differ somewhat because what constitutes 
efficiency is partly open to interpretation and 
depends on the needs and situation of the consumer. 

ELL students also benefit greatly from speaking 
in English. When students have completed their 
writings, ask for ELL volunteers to explain each 
type of heat transfer to the class, and re-create 
their illustrations on the board. Open the class to 
discussion and comments. Challenge students to 

think of some situations in which different types 
of heat transfer are found in nature. Examples 
include weather patterns, convection in lake-water 
turnover and in the water of geysers, conduction 
between the feet of animals and Earth’s surface, and 
radiation from the Sun. For extra credit, encourage 
ELL students to research one of these natural 
phenomena, tie it into what they are learning in 
class and what they need to do for the Chapter 
Challenge, and give a class presentation.

Research skills are tremendously important in 
science. To fully understand radiation, students 
may benefit from researching the behavior of 
electromagnetic energy. Connecting to what is 
already known is also vitally important in science, 
and is one of the ways in which scientists develop 
theories. To this end, encourage students to review 
their Let Us Entertain You notes about wave 
behavior to look for information that may help 
them understand radiation.
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Section 9  
Teaching  
Suggestions 
and Sample 
Answers 
What Do You See?  

Have a class discussion on the 
illustration. Consider using the 
overhead of the illustration as a 
focal point for the discussion. Ask 
students to describe what they 
see and what they think it means. 
Students will probably suggest 
that the person is trying to figure 
out which method of heating 
water will boil water first. Ask 
them how this might also connect 
with the title of the section. 
Record their initial impressions on 
the board. You can refer to them 
at a later point during students’ 
investigation of physics concepts 
in this section.

What Do You Think?

A Physicist’s Response

Most high-efficiency appliances 
are worth the added cost. Two 
important factors come into play: 
the priorities of the purchaser, and 
the overall cost based on those 
priorities. 

The way to determine if the 
product is worth the cost is to 
determine the total cost over the 
lifetime of the appliance (or over 
a long time period) versus the 
amount of savings the appliance 
provides. For example, if one’s top 
priority is monetary cost, then a 
water heater that saves a family 
on the average $100 a year but 
costs $500 more than the usual 
water heater will be less expensive 
only if it is used for more than five 
years. This assumes that the cost of 
maintenance is the same for both 
water heaters and that both water 
heaters will have a lifetime that 
exceeds five years. 

As another example, imagine a 
refrigerator that saves on the 
average $50 a year, but is known 
to have problems that on the 
average cost $200 over five 
years. If this refrigerator costs 
$50 more than the less energy 
efficient refrigerator then it will 
not save the family that purchases 
it any money. However, it may 
still be more environmentally 
friendly causing less pollution and 
waste. In this case the monetary 
costs are not worth it, but the 
environmental costs may be  
worth it. 

What Do You Think?

Ask the class what they currently 
know about warming water. 
Students should realize that 
water requires more heat 
energy to warm it than many 
materials. Have students answer 
the question in their logs and 
discuss their ideas with their 
group members. Then have a 
class discussion on students’ 
responses. Accept all answers and 
remind students that they will be 
returning to this question later. 
This is also an opportunity to 
identify any misconceptions that 
students might have.

Students’ Prior Conceptions
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Investigate 

Teaching Tip

If a microwave oven is not 
available, one may be borrowed 
from the school, or a small 
counter-top model could be 
brought into school for this 
Investigate.

The amount of heat delivered to 
the water in 2 min will depend 
upon the power rating of the 
microwave oven. Test the oven 
fi rst to ensure that the water does 
not get so hot as to be dangerous 
to handle. If it does, reduce the 
heating time accordingly to reach 
the desired temperature. Gloves 
are also a good precaution in case 
the beaker becomes too warm.

1. 

This investigation may be done 
as a class demonstration, or the 
students may be rotated in groups 
as they use the microwave. The 
microwave is the limiting factor 
in this section, so some students 
should start with Steps 3 or 5 
fi rst if it is not done as a class 
demonstration. Students that 
start with Steps 3 or 5 should be 
provided a fi nal temperature 
to attain.

1.a) 

Students should record the initial 
temperature of the water. It is 
desirable to have the same initial 
temperature for all trials. Tap 
water should provide this.

1.b) 

Students record the mass of the 
water in the beaker. Students 
should try to have the mass as 
close as possible for the three 
trials to make comparisons easier.

Students’ Prior Conceptions

Teaching this section offers you the opportunity to use fundamental 
reasoning and math skills with the students. There are no identifi ed 
science prior conceptions in the research data base.
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2.

The power rating of the 
microwave may be found on 
the back, bottom, or on a label 
inside the microwave. This is not 
the actual power drawn by the 
microwave, but rather the power 
that the oven is able to deliver to 
the contents. 

2.a)

Students record the power of 
the microwave, heating time 
(2 min), and fi nal temperature 
of the hot water in their logs. 
Students should stir the water 
before taking the measurement 
but not with the thermometer.

2.b)

Temperature measurements 
should be completed as quickly 
as possible because heat energy 
will be transferred from the water 
to the surroundings (e.g., air in 
the room), reducing the water’s 
temperature. 

3.a) 

Students record the mass and 
initial temperature for this new 
cold-water trial.

Teaching Tip

Dry the bottom of the glass beaker 
completely before placing on the 
hot plate.

4.a) 

Students record the power rating 
of the hot plate, the time it takes 
the cold water on the initially cold 
hot plate to warm up to the same 
fi nal temperature of the water 
warmed in the microwave, and 
the fi nal temperature of the water 
heated on the hot plate in their 
logs. The hot plate will have some 

energy still stored in the plate 
when the trial is fi nished. The 
power rating of the hot plate is 
normally found on a label on the 
side or back. Students should turn 
off the hot plate so that it may 
cool for the next group. 

5.a) 

Students repeat the procedures 
for heating water this time using 
an immersion coil. They should 
record their measurements of 
the water’s mass and initial 
temperature, the time it took for 

the water to reach the same fi nal 
temperature as in Step 1, the fi nal 
temperature of the water after 
heating, and the power rating of 
the immersion coil.

6.a) 

Students should calculate and 
record in their logs the energy 
each appliance provided to 
reach the same fi nal temperature 
for equal masses of water. It is 
expected that each appliance will 
have delivered different amounts 
of energy.
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6.b) 

The winning appliance is the 
one that used the least amount 
of energy to reach the same fi nal 
temperature. Typically this is the 
immersion coil.

7. 

A method of comparing the three 
appliances could be by measuring 
their effi ciency. The effi ciency is 
the heat gained (the same for all 
three water trials) divided by the 
energy provided. This will be a 

number less than one. Multiplying 
by 100% will provide a percent 
effi ciency. 

7.a) 

The “fairness” of the test might 
be improved by fi nding the energy 
that is still in the hot plate or the 
microwave oven at the trial’s end. 
The actual energy the microwave 
uses rather than its nominal 
power rating would also provide 
a more accurate measure of its 
effi ciency. 

7.b) 

The beaker will absorb heat from 
hot plate more than it will from 
the microwave and immersion 
coil, since the hot plate must 
fi rst warm the beaker before the 
heat energy from the beaker is 
transferred to the water. The 
immersion coil and the microwave 
oven heat the water directly so 
less heat is transferred to the 
beaker in the process. Using a 
metal pan for the hot plate would 
allow for a quicker and more 
effi cient transfer of heat to the 
water by the hot plate because 
metal has a lower specifi c heat 
than glass.

8.a) 

Students should calculate the cost 
of running the three appliances at 
10.40 cents per kWh.

8.b)  

Students may think that the cost 
difference is insignifi cant, and opt 
for the speed of the microwave.

9.a)   

Students should calculate the 
energy expense for their list of 
appliances.

9.b) 

Students should realize that as the 
time for which the appliance is 
run increases, and as the power it 
consumes increases, any difference 
in energy effi ciency becomes more 
signifi cant.

Physics Talk

Have a class discussion on how 
energy consumption is calculated 
and how some appliances might 
cycle on and off at irregular time 
intervals. 



Chapter 6  Electricity for Everyone

Active Physics
772

Describe the electric meter used 
by power companies to determine 
electrical energy used in buildings. 
Go through the sample problem 
with the class and discuss how 
over long periods of use the three 
methods used to warm the water 
could have signifi cantly different 
costs. 

Emphasize that heat energy is 
always transferred from the 
warmer to the cooler object. 
Consider having students 
determine the cost over a month’s 
time using the data they collected 
in the Investigate and describe 
how heat energy is transferred 
through conduction, convection, 
and radiation. Point out that heat 
energy by conduction requires 
physical contact between the two 
interacting objects.

Check to see if students 
understand that convection occurs 
in fl uids (gases and liquids). 
Describe how the molecules of 
the fl uid become less dense and 
get pushed upward, away from 
the heat source by the cooler 
more dense molecules, and the 
movement of the molecules in 
the fl uid plays a major part in 
the transfer of heat energy. 
Consider mentioning that 
convection is related to buoyancy 
and gravity and does not occur in 
zero-gravity situations.

Students should also understand 
that heat energy is transferred 
by radiation and that the two 
interacting objects do not have 
to be in contact with each other. 
Describe how the radiation 
(electromagnetic waves) is 
absorbed by the atoms/molecules 
of the cooler substance and causes 

them to move faster. Then ask 
students to discuss the types of 
heat transfer that occurred in the 
Investigate they performed. 
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6-9a Blackline Master

Checking Up

1. 

The power company charges 
energy consumption by the 
kilowatt hour (kW·h).

2. 

If a 100-W bulb is used for 
1 h, then
E Pt= = =

⋅ = ⋅
( )( )

.
100 1

100 0 1
W h

W h kW h
If the power company charges 
$0.18 per kilowatt-hour, then the 
cost for using the light bulb for an 
hour is
Cost kW h

$
kW h

= ⋅
⋅







=

≈

( . )
.

$ . $ .

0 1
0 18

0 018 0 02

3. 

Two places students could 
mention are the electrical meter 
and the electric bill.

4. 

Heat energy transfers that require 
direct contact are heat energy 
transfers by conduction. Heat-
energy transfers that occur by 
fl owing fl uids (liquids or gases) 
are heat-energy transfers by 
convection. Heat-energy transfers 
that occur by electromagnetic 
waves are heat-energy transfers 
by radiation. 

5. 

When objects are heated by 
contact, the warmer molecules 
collide with the cooler molecules, 
increase their kinetic energy, and 
therefore their temperature.

6. 

Molecules in a fl uid being warmed 
tend to move further apart as 
they are warmed, decreasing their 
density. This makes it easier for 
the more closely packed, cooler 
molecules to push them up and 
out of the way.
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Active Physics Plus

This Active Physics Plus provides 
an opportunity for students to 
deepen their understanding of the 
concept of energy consumption 
and effi cient appliances as 
they consider what makes the 
appliance effi cient (just energy 
usage, cost, or some other factor).

Students should design an 
experiment to compare what they 
consider important factors in 
how to best cook a hot dog. They 
should compare frying, boiling, 
and microwaving the hot dog 
based on the factors they deem 
important to come up with the 
best method.

What Do You 
Think Now?

Remind students that it is 
important to be both energy-
effi cient and cost-effi cient when 
designing their HFE appliance 
design and warm water might 
be part of that design. Then 
describe how consumers currently 
can purchase hot-water heaters 
and furnaces for homes that 
are more than 90% effi cient. 
Ask students to review their 
previous answers to the question 
and what they would consider 
besides the physics presented in 
this section when answering this 
question. Consider discussing 
the information in A Physicist’s 
Response. 



Active Physics
775

CH
A

PTER
 6

Section 9  Comparing Energy Consumption: More for Your Money

Physics Essential Questions

What does it mean?
A kilowatt-hour is a unit of energy. Because power is 
measured in watts and one watt is equal to one joule/
second, it can be seen that multiplying the power (in 
watts) by the time will yield energy. Because you use so 
much electricity, rather than measuring the power in 
watts and the time in seconds, you measure the power 
in kilowatts and the time in hours. One kilowatt-hour 
is equivalent to 3,600,000 J.

How do you know?
The electrical company installs a meter for each dwelling 
that measures the energy used in kilowatt-hours.

Why do you believe?
Electrical energy is related to voltage and current. 
Thermal energy is related to changes in temperature. 
Mechanical energy is related to the movement of 
objects. These energies can be transformed from one 
type to another and transferred between objects, for 
example the use of a hand generator in lighting a 
bulb. The total energy is always conserved.

Why should you care?
The total energy generated by the wind generator 
limits the total energy that is available for appliances. 
In viewing the energy needs of appliances, you 
quickly recognize how limited 3 kilowatt-hours is in 
comparison to how much energy you use every day.

Refl ecting on 
the Section and
the Challenge

Using the information in the 
student text, discuss how the 
criteria that the energy consumed 
by each HFE dwelling cannot 
exceed 90 kW·h per month and 
3 kW·h per day. Then emphasize 
that students will need to think 
about the following two things 
when deciding on their appliance 
package:

 the power consumed by each •	
appliance, and

the time the appliance is used.•	
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Physics to Go 

1.a) 

The energy used can be calculated 
as follows:

E Pt=

( )( )





=

=

1500 3
60

1
270 000 270

W min
s

min
J kJ,

1.b)

E Pt= =

( )( )



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=

=

1200 4
60

1
288 000 288

W min
s

min
J kJ,

2. 

If both hair dryers in Question 1
result in the same dryness of 
hair, then the hair dryer using 
less energy is more effi cient. The 
hair dryer using less energy is the 
1500-W hair dryer. Although its 
power rating is higher, it does 
not need to be used for as long 
a time, resulting in lower energy 
consumption.

3.a) and b)

E Pt= = ( ) ×










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1200
1
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W

hour
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daay
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W h
month

kW h
month

1

18 000 18





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=
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,

4. 

Using the result of Question 3, 
the cost of the hair dryer is

Cost

kW h
month kW h

per month =
⋅



 ⋅





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=18
0 15$ .

$$ . $2 7
month

3
month

≈
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5. 

Students should first calculate the 
energy consumed over the four-
month period and then the cost.

Given:
1350 W; h/day

cost kW h

per day

P t

E

= =
= ⋅

24
0 12$ .

== =
( )( ) =

⋅ = ⋅

Pt

E

1350 24

32 400 32 4

W h/day
W h
day

kW h
day

, .

44 months

4 mon

kW h
day

days

kW h
Cost

=
⋅ × =

⋅

32 4 122

3952 8

.

.

tths

kW h /kW h

=
⋅( ) ⋅( ) =3952 8 0 12

474 3
. $ .

$ .

6.a) 

Students should estimate the 
number of hours by determining 
how much energy is available 
using the batteries. Students do 
not have enough information to 
determine the time. They will 
need to estimate it based on their 
experiences. Theoretically, an AA 
battery has about 15,390 J of 
energy stored in it. Because four 
of these batteries are being used, 
the amount of energy available 
is approximately 61,560 J. Using 
this information one can estimate 
the time. Students should have 
time estimates between 50 and  
60 minutes.

6.b) 

Students should use the 
relationship between energy 
consumption and power. They 
should note that the power is the 
energy supplied per second or  
20 J/s. 

From their time estimate they 
should be able to calculate an 
estimated energy consumption of 
the CD player using the equation 
E Pt= .

6.c)

Students should estimate the 
current cost for the batteries. 
They may include the extra costs 
involved such as fuel cost to travel 
to and from the store, or shipping 
costs.

6.d) 

Students should calculate the 
cost of one battery by using the 
following relationship:

cost
Cost of one battery)

Energy consume

per kW h⋅ =
(

dd by
CD player in kW h⋅







6.e)

Students should calculate how 
much the energy consumption 
would cost if the CD player used 
the energy provided by the power 
company versus the cost of using 
four AA batteries.

7. 

Cooking pots and pans are 
designed to evenly spread heat; 
however, they may spread this 
heat differently. In a wok the 
heat is very high at the bottom 
of the pan, and sides near the 
bottom. Woks are designed to 
cook at very high temperatures 
for short amounts of time. This 
design helps the cook to move 
the food away from the high heat 
quickly. Griddles are designed to 
keep an even heat over a large, 
flat surface, perfect for making 
pancakes. No heat is needed 
through the sides. 

Pots and pans are designed to 
transfer heat quickly, that is why 
most are metal. Some dishes use 
stone, clay, or glass to cook in. 
These materials have a higher 
specific heat than the metal pots 
and pans and cook more evenly. 
They also keep food warmer 
longer because they absorb much 
more heat energy that  transfers 
slowly after the food is taken out 
of the oven or off the cooking 
range. 

8. 

Students should state whether or 
not the hot plate or microwave 
are good choices for the HFE 
appliance package, along with 
their reasoning.

9. 

Students should describe that 
testing the actual efficiencies of 
the appliances requires not just 
measuring their energy efficiency, 
but their efficiency for cost, 
time, appearance, ease of use, 
maintenance, and the end results 
(e.g., how the food is). Students 
should describe how the efficiency 
could be calculated. An example 
is provided in the Active Physics 
Plus.
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10. 

Preparing for the 
Chapter Challenge

Students should record a list 
of electrical appliances they 
will recommend to their group 
members for the HFE appliance 
package. Students should also 
record their reasoning for 
selecting each appliance. 

Inquiring Further

Students should obtain an electric
bill and compare it with electric 
bills brought in by group members.
They should describe the factors 
that might affect the differences 
in the bills and how these might 
affect the bill. They should 
calculate the average monthly 
amount of electrical energy used 
in the homes represented in the 
group and compare this to the 
90 kW·h per month available to the
HFE dwellings. Students should 
also describe how their energy 
consumption might change if they 
had to pay their own electric bills. 
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SECTION 9 QUIZ 

6-9b Blackline Master

1.  A student forgets to turn off the 100-W light bulb in her room when she leaves for school 
in the morning. She returns 10 hours later (36,000 seconds) and turns off the light. If 
electricity costs 15 cents per kW·h, how much did it cost to leave on the 100-W light bulb 
for this amount of time?

a) 15 cents b) 85 cents

c) $1.50 d) $5.00

2.  A microwave oven that is rated at 960 W runs on 120 V. How much current does the 
oven use?

a) 6 A  b) 8 A 

c) 9.6 A  d) 15 A 

3.  When heat energy is transferred by contact between two objects it is referred to as

a) conduction. b) convection.

c) radiation. d) transmission.

4.  On a summer day, birds can often be seen soaring over an automobile parking lot riding the 
warm air currents that are rising from the heated surface. This process transfers heat from 
the surface to the clouds by a process called

a) conduction. b) convection.

c) radiation. d) transmission.

5.  How much energy does a TV that operates on 120 V and draws 0.6 A of current use if it is 
on for 2 hours?

a) 144 J b) 144,000 J

c) 72,000 J d) 518,400 J
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SECTION 9 QUIZ ANSWERS

1 	 a) � E Pt= = = ⋅ = ⋅
= ⋅

( )( )100 10 1000 1
1

W h W h kW h
Cost kW h(15 centts/kW h 15 cents⋅ =)

2 	 b) I P V= = =( ) ( )960 120 8W V A

3 	 a) �Convection requires a fluid (gas or liquid), and radiation does not require 
contact. Heat transferred by conduction occurs when objects of different 
temperature are in contact with each other and heat energy is transferred from 
particle to particle. This occurs within a substance or between two substances.

4 	 b) �Heat energy transferred by convection occurs through the movement of a fluid 
(gas or liquid).

5 	� d) �E Pt VIt= = = =( )( . )( )( ) ,120 0 6 2 3600 518 400V A h s/h J


