Chapter 1
Using Numbers for Names and

Measurements

We use numbers every day for phones, addresses, quantities, and prices. When numbers are assigned to
describe objects, events, or concepts and then combined with logic to infer relationships the process is called
quantitative reasoning. Qualitative reasoning uses relative comparisons that describe the quality of things.
Making decisions about issues such as air pollution require people to think about the quality of air they
breathe and its importance. Both types of reasoning are necessary. Qualitative reasoning helps us choose
appropriate objectives and quantitative reasoning helps us achieve those goals such as setting air pollution
levels measured in parts per million. This chapter serves as an introduction to using numbers as a quantitative

tool to assist in decision making.

Why do | need to know this?

Qualitative reasoning can help us choose an objective but it is less useful for measuring progress or
comparing alternatives when the choices are not obvious. Simply labeling alternatives as good or bad is too
simplistic for real-world applications where all of the alternatives have both positive and negative qualities.
Using numbers makes it easier to describe objectives and to make comparisons between them. To do this,

you need to know how numbers are used as names and as measurements.

1 Numbers as Names
Learning Objectives

1. ldentify examples of denominate numbers. [1.1.1]
2. ldentify sequences of denominate numbers and identify underlying assumptions. [1.1.2]

3. Rank objects or events using numbers and describe the assumptions used. [1.1.3]

Numbers can be assigned to people in addition to their names to provide a unique identifier. When numbers
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are used as names they are denominate numbers. A common example is the social security number (SSN).
The U.S. government assigns this number to each person in the country to facilitate record keeping. The

social security number consists of three parts that are separated by dashes, as shown in Figure 1.1.

|

000-00-0000

THIS HUBDLER HAS DEEM ESTABLISHED FOR

= —

BIMATURE

|I=—=;

Figure 1.1. U.S. Social Security Number.

The first group of three digits is the area number that corresponds roughly to the states and increases
from east to west. (Social Security Numbers: The SSN Numbering Scheme ND) For example, 001,002, and
003 are assigned to New Hampshire, 362 through 386 are assigned to Michigan, and 602 through 626
represent California. (Stucture of Social Secuity Numbers ND) If you know someone’s SSN, you can make a
good guess about where they were born. This system was created before computers were available and the
naming system was not designed for convenient sorting. Because it is part of the official identity of U.S.
citizens, it can be used by unethical persons to represent themselves falsely as another person in order to steal
or damage the other person's reputation, which is called identity theft. Because of this threat, people are
reluctant to use their SSN for everyday identification purposes. Other numbers are assigned to individuals
that are more compatible with computer systems such as driver's licenses, credit card numbers, and customer
identification numbers. If you are a student, your school has assigned a student identification number in order
to track your progress. When you register at a website, the company’s computer assigns an identification
number to you and your Web browser stores it on your computer in a small text file called a cookie.

Whenever you visit that website, your browser retrieves the identification number from the cookie and the
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company’s computer can look up your registration information and a history of your activity on that site.

Denominate numbers can be used to infer a sequence if certain assumptions are made and logic is
applied. A common use of denominate numbers is for finding street addresses. If you assume the method
used to assign the street numbers is similar to most cities in the U.S., logic can be used to infer relationships.
For example, if you are driving along a street searching for a business and you know its address is 1013
Maple, you might infer that you are getting closer if you see an address of 810 Maple followed by 900
Maple. You might also infer that the business you seek is on the opposite side of the street from the first two
locations. These inferences are based on assumptions that the addresses are sequential, that the distances
between them are approximately equal, and that the even numbers are on one side of the street and the odd
numbers are on the opposite side. If the search for 1013 does not succeed, you might examine the
assumptions on which your logic was based to see if they are correct.

Numbers can be used to make rough comparisons by using sequential numbers based on one
criterion. For example, if we consider the four largest sources of energy from which electricity is produced in
the U.S. and assign the numeral 1 to the largest source, 2 to the second, and so forth we would have the list

shown in Figure 1.2.

% _
1 Coal @ 2 Natual Gas

4 Hydroelectric

Figure 1.2. Electricity Sources in Rank Order.

In this example, numbers are used to indicate a rank order or simple rank. The underlying
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assumptions used to create this rank order are that a common unit of measure was used for comparison and
that measurements were from U.S. electric utilities. The weakness of rank order is that it does not indicate
how different each item is from the other. For example, natural gas is ranked as number 2 but that does not

tell us if it is almost as much as coal or far less.

Key Takeaways

e Denominate numbers can be used for personal identification such as a social security number,
driver’s license, student identification, or customer number that is stored in a cookie by a Web
browser. [1.1.1]

e Denominate numbers can be used to indicate a sequence such as street addresses which are based
on the assumptions that the addresses increase sequentially and that odd numbers are on one side
and even numbers are on another. [1.1.2]

e Assigning a sequence of numbers beginning with 1 to indicate how they compare on one criterion is
called rank order. The rank is a comparison that does not indicate how much the items differ from

each other. [1.1.3]

2 Measurement Standards and Conversion Factors
Learning Objectives

1. Identify the two major measurement systems and their commonly used names or acronyms. [1.2.1]

2. ldentify and use appropriate conversion factors within and between systems. [1.2.2]

Denominate numbers are used as units of measure but they can also imply a sequence. To use denominate
numbers to infer a sequence, the user must know or guess the underlying assumptions. If there is widespread
agreement on what numbers mean in a given context, it improves communication. The need to improve
communiation led to the creation of standard measurement units for time, weight, distance, area, and volume.
These standards developed piecemeal over long periods of time and were often arbitrary such as the length of
the king’s foot (foot) or the span of a sailors reach (fathom). During the period when the British Empire was

a global power, many countries adopted the British Imperial measurement system. As a former British
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colony, the United States adopted this system with a few alterations. The U.S. still uses these old and
arbitrary units for many of its every day measurements and the system is now known as the United States
Customary System, which is usually called the American system. For example, a few of the units in which
length is commonly measured in the American system are foot, yard, statute mile, and nautical mile.
Similarly, area is measured in square feet, square yards, acres, and square miles. To use numbers for
quantitative reasoning, it is necessary to compare numbers that represent measurements of the same units.

For example, consider the following question; “If a solar panel is 15 square feet in area, how many
would fit on an acre of land?”” Before this question can be answered, one of the two units of area
measurement must be converted so that they are both measured in either acres or square feet. The
relationship between the two units of measure is called a conversion factor. For each pair of measurement
units, there are two conversion factors. In this example, they are 43,560 square feet per acre and
0.0000229568 acre per square foot. By using a conversion factor, the question can be revised to read: "If a
solar panel is 15 square feet in area, how many would fit on an acre of land (43,560 square feet)?" The
answer can be obtained by dividing 43,560 by 15 to deduce that 2,904 panels might fit on an acre. If you also
knew the amount of electricity each panel could produce and its cost, you could begin to make meaningful
comparisons between solar power and another option.

A partial list of measurement units used in the American system that are often used in quantitative

analysis of energy related issues is shown in Figure 1.3.
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Type of Measurement Example conversion factor (rounded to

nearest whole number)

Length
Foot
Yard 3 feet per vard
Mile (statutory) 5,280 feet per statutory mile
Mile (nautical or air) 6,076 feet per nautical mile
Area
Square Foot
Square Yard O square feet per square vard
Acre 43,560 square feet per acre
Square Mile 27,878,512 square feet per square mile
Force (weight)
Pounds
Short Ton 2,000 pounds per short ton
Mass
Pounds A pound mass weighs 1 pound at the
surface of the earth
Volume
Gallon
Barrel (oil) 42 gallons per barrel

Figure 1.3. Conversion factors in the American System.
Fortunately, with the widespread availability of the Internet, conversion factors are readily available.

A particular conversion factor can be found by typing in a simple question into a search engine such as
Google, Yahoo!, or Bing; or you can bookmark a site such as OnlineConversion.com in your Web browser.

See Figure 1.4.
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Sunday August 1, 2010 | Home | Search | FAQ | Message F

Welcome to OnlineConversion.com
Convert just about anything to anything else.
Cwer 5,000 units, and 50,000 conversions.

Maost Popular Conversion Pages
Length, Temperature, Speed, Volume, Weight, Cooking, Area, Fuel
Economy, Currency.

= Give our new Auto-Converter a try. [ts a wark in progress so let
me know if you find any problems. «

All Conversion Pages and Categories
Acceleration Many different acceleration constants. g-unit,
meterisquare second, more...

Angles Gradients, Radians, Degrees, Minutes, Seconds, Points,
Mare...

Area Square centimeter, Square meter, Square inch, Square foot,
Sauare mile. Sauare Kilometer. Acres. Circles. More...

Figure 1.4. Websites provide convenient conversions for different measurements.

Because of the difficulty in using measurement units that were challenging to convert, another system
became popular. A French measurement system that was called the metric system was formalized as the
le Systeme international d'unités (SI). Converting between units in this system is often as simple as moving

the decimal place because they are multiples of ten as shown in Figure 1.5.
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Type of Measuremenit Example conversion factor (rounded fo

nearest whole number)

Length
Meter
Kilometer 1,000 meters per kilometer
Area
Sgquare Meter
Hectare 10,000 sguare meters per hectare
Square Kilometer 1,000,000 square meters per square
kilometer
Force
Newton
KiloNewton 1,000 Newtons per KiloNewton
Mass
Kilogram 1 kilogram weighs 980 Newtons on
garth
Volume
Liter
KiloLiter 1,000 liters per kiloliter

Figure 1.5. Selected conversion factors for SI.

Because of the inherent simplicity of the SI measurements and the ease of converting between them,
almost all countries use the SI measurements—even Great Britain. The same websites that provide
conversion factors for the American system also provide conversion factors for the SI units and conversion
factors between the American and Sl units.

To choose the correct conversion factor, it helps if you do a bit of qualitative reasoning before you
look up the conversion factor. First, consider if the units into which you are converting a measurement are
larger or smaller. Next, logically infer whether the result of the conversion would be a smaller or larger
number. For example, if you convert three feet into inches you would first consider that an inch is the smaller
unit so the result of the conversion should be a number larger than three. From this, you can infer that the
conversion factor you want is a number larger than one.

The next step is to choose the appropriate conversion factor. Most websites provide two conversion

factors for each pair of units as shown in Figures 1.6 and 1.7.
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Welcome to OnlineConversion.com
Comman Length and Distance Conversions

Convert what quantity? |1 (&

From: To:
centimeter - centimeter -
feet i feet [
inch
kilometer = kilometer =
league league
league [nautical] league [nautical]
meter - meter
microinch microinch
mile - mile -

RESU“: @ See Also: All Length Conversions | Metric Length Conversions
1inch =0.083 333 333 333 fest

Figure 1.6. Conversion factor used to convert inches to feet

Welcome to OnlineConversion.com
Comman Length and Distance Conversions

Convert what quantity? 1 (2
From: To:

centimeter - centimeter -
feet [} feet I
inch
kilometer = kilometer =
league league
league [nautical] league [nautical]
meter - meter
microinch microinch
mile o7 mile o7

Result: @ See Also: All Length Conversicns | Metfric Length Conversions
1 feet =12 inch

Figure 1.7. Conversion factor used to convert feet to inches.

Because you have already decided that you need a conversion factor that is larger than 1, you know to

use 12. The last step is to multiply by the conversion factor.
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3 feet - 12 inches per 1 foot = 36 inches

(note: in this text, a dot, -, is used to indicate multiplication)

If we apply this process to a more difficult problem, it becomes more apparent that you need a
reliable method. For example, the highway speed limit in Canada might be 100 kilometers per hour. What is
that in miles per hour? Because both speeds use the same time measurement (hour), we need to know which
is larger, the kilometer or the mile. This is an example of one of the few facts that you need to memorize. A
mile is longer than a kilometer. With this knowledge, you would expect that a speed in miles per hour would
be a smaller number. The conversion factor to use is 0.621 as shown in Figure 1.8. In most cases, it is

acceptable to round off the conversion factors to a few digits.

Welcome to OnlineConversion.com
Common Speed Conversions

Convert what quantity? 1 (2
From: To:
centimeter/second - centimeter/second -
foot/second foot/second
inch/secaond inch/second
kilometer/hour E kilometer/hour E
kilometer/second kilometer/second
knot knot
mach mach
meter/second meter/second
mile/hour (mph) - mile/hour (mph) |
Result: &

1 kilometer/hour = 0.621 371 192 24 mile/hour (mph)

Figure 1.8. Conversion factor used to convert kilometer per hour to miles per hour.
Observe that the units of measure for kilometer per hour and miles per hour are often shortened by

representing the units as a fraction such as kilometer/hour and miles/hour or with an acronym such as kph

and mph. When the term “per” is used, it implies one unit of measure for the unit in the denominator. For
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example, when we write 60 miles/hour it means 60 miles / 1 hour but the number 1 is not written—it is
assumed.

The result of the calculation is:

100 kilometers/hour - 0.621 = 62.1 miles/hour

The following table is a list of a few qualitative facts about comparisons of measurement units
between the American system and Sl:

Length

Centimeter is smaller than an inch
Meter is larger than a centimeter
Meter is larger than a foot
Mile is larger than a kilometer
Volume

e Gallon is larger than a liter
Force (weight)

e Pound is larger than a Newton

Key Takeaways

e The two dominant measurement systems are le Systéme international d'unités (SI) and the United States
Customary System (American system). [1.2.1]

e To convert between measurement units within the same system or between systems, first determine if
the unit of measure you want to convert to is larger or smaller. Determine in advance if the conversion
factor will be a number smaller or larger than one. From a website or list of conversion factors, choose
the appropriate conversion factor that is larger or smaller than one and then multiply the measurement

by the conversion factor. [1.2.2]

3 Using Conversion Factors
Learning Objectives

1. Find and apply conversion factors for commonly used measurements of length, area, volume,

speed, force, mass, energy, and power. [1.3.1]
2. Document Web sources with comments. [1.3.2]

3. Write basic formulas using mathematics symbols. [1.3.3]
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4. Format cells with Comma Style and set decimals. [1.3.4

5. Identify error messages and fix #VALUE! errors. [1.3.5]

In this section you apply the concepts from the previous sections using Excel. In the following steps, you
look up appropriate conversion factors from a website and paste them into a worksheet.

1. Navigate to the folder where the files for this chapter are located. Open ChO1Measurements.xIsx.

2. Save the file to your computer or memory device as Ch01MeasurementsStudentName.xlsx where you use

your own name in place of StudentName.

Tip: If your computer does not display the file extension, .xIsx, you do not have to type
it. If you have Excel 2003 or older and your program does not open the file, go to
Microsoft.com and search for the compatibility pack. Download and install it so you can
use files created by newer versions of Word, Excel, and PowerPoint.

3. At the bottom of the workbook, click the Conversion sheet tab, if necessary to select it. The first

conversion has already been done as an example, as shown in Figure 1.9.

A B cC D E F
1 Using Conversion Factors
Conversion
From To Answer

2 Factor

3 Length

4 | Number Units Units Multiply by:  Answer Units
5 50 Yards Feet 3 150 Feet

Figure 1.9. 50 yards is converted to feet by looking up the conversion factor.
4. Observe the red triangle in the corner of cell D5. It indicates the presence of a comment.

5. Move your pointer onto cell D5. The comment appears as shown in Figure 1.10. The comment provides
the Web address where this number was obtained. The name of the registered user of the computer is

added to the comment automatically. When you add comments, a different name will appear.
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A B C D E F

1 Using Conversion Factors
Conversion
From To Answer
2 Factor
3 Length
4 | Number Units Units Multiply by: John Preston:
5 50 Yards Feet 3 |From
g M0 Eeet Vards hitp:/fonlineconversion.com/

Figure 1.10. Comment with source.
6. Click cell E5. Observe that this cell contains a formula. All formulas in Excel begin with an = sign and

the formulas use cell references or cell names rather than the number that is in the cell. The four basic
mathematical operations use + - *and / that represent addition, subtraction, multiplication and
division. The formula appears on the Formula Bar and the result of the calculation displays in the cell as

shown in Figure 1.11.

Formula displays in
the Formula Bar

ES - fe | =A5*D5
A B L D E F
1 Using Conversion Factors
From To Conversion Answer
2 Factor
3 Length
4 | Number Units Units Multiply by:  Answer Units
5 50 Yards Feet 3 150 1 Feet

Results display
inthe cell

Figure 1.11. Formula.
7. Next, you will copy a conversion factor from a website. Switch to your Web browser, and then go to

onlineconversion.com. This website is divided into groups of conversion factors. Scroll down the list and
click the Length/Distance group. Find the conversion factor for feet to yards by typing 1 as the quantity

and selecting the From measure as feet, and the To measure as yards. In the Results box, drag to select
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the number as shown in Figure 1.12.

Welcome to OnlineConversion.com
Common Length and Distance Conversions

Convert what quantity? 1 (2
From: To:

centimeter - inch -
kilometer
inch league
kilometer = league [nautical]
league meter 1
league [nautical] micrainch 3
meter - mile
microinch millimeter R
mile 2 yard

Result: @ See Also: All Length Conversicns | Metric Length Conversions

(R0 333 333 333 333 EW

Figure 1.12. Conversion factor less than one with spaces used for separation.
8. On your keyboard, press and hold the CTRL key, and then press C. This will copy the selected

conversion factor to the computer’s clipboard. Observe the spaces used in the number.
9. Switch back to the worksheet. Click cell D6. Press and hold the CTRL key, and then press V to paste the

conversion factor into the cell, as shown in Figure 1.13.

D& - Jx | 033333333333
A B C D E F
1 Using Conversion Factors
From To conversion Answer

2 Factor

3 Length

4 | Mumber Units Units Multiply by:  Answer Units
5 50 Yards Feet 3 150 Feet

b 20 Feet Yards ID.333 333 33%33

Figure 1.13. Conversion factor pasted into the cell but not yet entered.
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10. Observe the spaces in the number. Because of the spaces, the program did not recognize this as a number
and assumed it is text. On the keyboard, press the Enter key.

11. Click cell E6. Type =A6*D6 and then press Enter. The program displays an error message, #VALUE!!

Tip: When you type a formula in a cell, it is not set until your press the Enter, Tab,
or an arrow key to move to another cell. You can also click the Enter button on
the formula bar to leave the selection on the cell. Do not click in another cell
because that action will cause the cell you click to be included in the formula.

12. Observe the green rectangle in the upper left corner of the cell. This indicates a potential error in the

formula. Click cell E6, and then move the pointer to the Error Checking button '@ that displays on the

screen as shown in Figure 1.14.

Tip: When you point at an Error Checking button it displays a message to describe
the error. If you click the button it will give you alternatives for fixing the
problem. In this case, the problem is the spaces in the number that was copied
from the website. Because of the spaces, Excel treats this as text rather than a
number, hence the "wrong data type" message.

EG - J= | =AD&
A B C D E F G
1 Using Conversion Factors
Erom ro Canversion Answer
2 Foclar
3 Length
4  Mumber Units Units Multiply by:  Answer Units
5 50 Yards Feet 3 150 Feet
[ X0 Feet Yards 0.333 3. <} -i FVALUE! !
7
g A value used in the formula is of the wrong data t ype.

Figure 1.14. Error message explained.

13. Click cell D6. On the Formula Bar, click the number to place the cursor in the Formula Bar. Use the right
and left arrow keys and the Delete key to delete the spaces in this number, and then press Enter. The

conversion factor is recognized as a number and used correctly in the formula.

14. Click cell E6. On the Ribbon, on the Home tab, in the Number group, click the Comma Style button (2],
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If more than two decimal places display, in the Number group, click the Decrease Decimal button to

round the display to show only two decimal places.

Tip: When you decrease the decimals the original number still displays in the
formula bar and is the number that is used in any formulas that use the cell.
Decreasing the decimal does not round the value of the number, but only the
number of decimals displayed in the cell. On worksheets the decimals displayed
should be consistent within a column of numbers. The Comma Style and the
Accounting Number Format both leave space at the right edge of the cell for a
left parentheses in the event of a negative number. Use consistent formats so
that numbers in a column display the same number of decimals and are aligned
on the decimal point.

15. Click cell D6. On the Review tab, in the Comments group, click New Comment. In the pop-up note, type
From onlineconversion.com. Click another cell to deselect cell D6.

16. Click cell D6. On the Review tab, in the Comments group, click Edit Comment. In the comment box,
drag the name of the registered owner. Type your name, if necessary.

17. Apply what you have practiced to complete the remaining conversions.

a. On the Conversions worksheet, each section is separated by a gray bar and the heading in column
A of each gray bar includes the name of the conversion group to use to find your answers.

b. If you get all of your conversions from a single source, one comment to document your source is
sufficient. If you use more than one source, identify the source separately for each conversion
factor. You are welcome to use other sites than onlineconversion.com, particularly if they do not
use spaces in their numbers.

c. Use 1 as the quantity for all your conversions.

d. Use formulas in column E to multiply the conversion factor in column D by the quantity listed in
column A.

e. Format the answers using the comma style, and only two decimals.

18. Read the note in cell A47 about the conversion factors that you need to memorize.
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19. Save your workbook.

Key Takeaways

e Use a website such as OnlineConversion.com to look up the conversion factor for lengths, areas,
volumes, speed, force, mass, energy, or power. Copy the factor, and then paste it into a cell in the

worksheet. Edit the factor to remove spaces, if necessary. [1.3.1]

e Insert comments using the Review tab to provide links to websites or document sources of data or

conversion factors. A red triangle in the corner of a cell indicates the presence of a comment.[1.3.2]

e Begin formulas with an equals sign. Use cell addresses, numbers and mathematics operators such as
+, -, *, or / for addition, subtraction, multiplication, or division respectively. Press Enter or Tab to

set the formula. [1.3.3]

o Apply Comma Style and decrease decimals consistently so that humbers in a column display the

same number of decimals and align on the decimal point. [1.3.4]

e Error messages are indicated by green triangles in the upper left corner of a cell. The Error
Checking button offers solutions and the error message identifies the basic cause, such as for the
#VALUE! error. The #/ALUE! error occurs most often when the content of a cell is a word instead

of a number. [1.3.5]

4  Energy and Power
Learning Objectives

1. Describe the relationship between energy and power [1.4.1]
2. ldentify the common units of measure for energy in the SI and American systems. [1.4.2]
3. ldentify the common units of power in the SI and American systems. [1.4.3]

4. Read residential electric and gas meters and determine the energy used per day. [1.4.4]

Many people are confused about the difference between energy and power, which is understandable given
the variety of measurement units. Historically, energy measurement units have been developed for dealing
with each form of active energy and each type of stored energy. The difference in measurement units can be

a formidible barrier to quantitative reasoning if you do not know how the units of electric energy compare
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with other energy units. To overcome this barrier, you will become familiar with the most commonly used

measurement units for energy and power.

Energy Measurement

Energy is not something that can be measured directly. We have to infer how much energy something has by
measuring what it can do. For example, we have a good idea of how much energy can be obtained from a
lump of coal by burning a sample of coal and observing the temperature increase it can cause in a sample of
water. Fuels that are intended for use in heating are measured this way. The American system uses the British
Thermal Unit (BTU), which is the amount of (heat) energy needed to increase the temperature of one pound
of water one degree Fahrenheit. Coal is graded by how much heat energy it contains. For example, a pound
of bituminous coal has between 10,500 and 15,500 BTUs per pound. This measurment is easy to use within
its own realm. For example, if you wanted to increase the temperature of 100 pounds of water by 50 degrees,
you would need 5,000 BTUs (100 - 50). This could be provided by somewhere between a half and a third
pound of coal (5000/10,500 = 48% or 5000/15,5000= 32%).

The Sl unit of energy is the Joule. It can be used for any form of energy. A BTU is larger than a
Joule. The conversion factor is 1 BTU = 1,055 Joules.

Both systems use the same unit of energy measurement for electricity which is the kiloWatt-hour
(kWh). A kiloWatt-hour is much larger than a joule or a BTU. It equals 3,412 BTUs or 3,600,000 Joules.

Energy can take many forms such as:

Heat
Motion
Light
Sound

Energy can be stored in various ways such as:

e Potential energy in a compressed spring
e Gravitational energy (lifting something heavy to a higher location)
e Causing a reversible chemical reaction that will give off energy (battery)
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e Changing phase from solid to liquid or liquid to gas (water to steam)
e Mass (nuclear energy; uranium or hydrogen)

Power Measurement

One of the basic laws of physics is that energy is neither created nor destroyed — it just changes form. When
energy changes from one form into another, it is transformed. The energy used to power an automobile goes
through several transformations:

e In the sun, hydrogen atoms fuse together to make Helium atoms. In the process some of the
mass is transformed into heat, motion, and light.

e Some of the light from the sun hits the earth’s oceans where it is transformed into chemical
potential energy by the chlorophyll in small plants.

e The small plants are eaten by tiny living organisms and the energy is transformed into another
form of chemical energy in molecules of oil.

e The tiny organisms die and sink to the bottom of the ocean where they are covered with mud
and evenually become trapped in rock and concentrated into petroleum.

e A holeis drilled in the rocks to reach the trapped petroleum and it is taken to a refinery.

e At the refinery, the petroleum is separated into various products including gasoline.

e In acar’s engine, the chemical energy in the gasoline is transformed into motion, heat, and
sound.

e When the car stops, the energy of motion of the car is transformed into heat in the brakes.

e The heat energy from the brakes and the energy in the exhaust gasses dissipate into the
surrounding air.

e The heat energy in the air is transformed into infrared light that radiates out into space.

Energy can be transformed quickly or slowly. The chemical energy in a tree can be transformed into
heat very slowly while the tree rots on the forest floor or it can be released quickly in a fire. If we consider
the amount of time involved for the transformation to take place, we are talking about the concept of power.
Power is the rate at which energy is transformed. The unit of power in the American system is the BTU per
hour (BTU/H) and in the International system it is the Joule per second (J/s). Both systems use the

horsepower for rating the power of engines and the kiloWatt (kW) for electrical power.

Measuring Energy and Power
We might use qualitative reasoning to decide that using less energy is a desirable objective but we need

quantitative measurements to determine if we are making progress toward that objective and if the progress is
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sufficient to reach the objective in the time available. Quantitative analysis needs numbers and measurements
and one way to obtain them is to perform an inventory of the devices that use energy. This type of inventory
is called an energy audit. An energy audit begins with gathering data. It includes a list of energy consuming
devices, their power ratings, their hours of operation, and their locations. The energy they use can be
calculated from their power ratings and the time of operation. Items that cycle on and off such as refrigerators

are more difficult to estimate because the time of operation is varaible but those devices can be measured

individually with small plug-in meters that record energy use, such as the one shown in Figure 1.15.

f

Figure 1.15. Plug-in electricity use monitor.
A history of energy use is obtained from utility bills or from direct observation of the electric and gas

meters such as the electric and gas meters shown in Figure 1.16.
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Residential electric Residential gas meter
meter

Disk rotation proportional to
energy use

Figure 1.16. Residential electric and gas meters.
The meters have parts that rotate as electricity or gas passes through them. The spinning part is

connected to the first in a row of small gears whose teeth interlock. For each full rotation of the first gear the
next gear moves one-tenth of a revolution and the same relationship is true for each successive gear. In this
manner, the rotation of the part within the meter can be expressed as multiples of ten. The gears rotate in
opposite directions and so do the pointers connected to them. When the pointer is between two numbers on
the dial, use the smaller of the two. If it is between 9 and 0, think of the zero as 10 and use the 9.To
determine how much energy has been used, read the meter at two different times, and then subtract the

previous reading from the present reading, as shown on the dials of an electric meter in Figure 1.17.

Previous
Reading
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Figure 1.17. Reading electric and gas meters.
Being able to read the meters allows a resident or business owner to experiment with energy saving

strategies at intervals that are convenient and shorter than a month. The person could determine the energy
used for a day under typical circumstances and then try using less energy the next day. By reading the meters
before and after each time period, the electric and gas energy used during both days could be determined and

the effect of the strategy determined.

Determining Energy Used from Electric Meter Readings

On the Electric worksheet, you will determine the kWh used based on three meter readings to determine if
the energy use increased or decreased. If the intervals between meter readings are a day or so and they are not
taken at the same time of day, the date and time should be recorded. Dates are stored as sequential numbers
and time is stored as a decimal fraction of a day. The way dates are stored in computers is described more
fully in a later chapter.

1. In ChO1MeasurementsStudentName workbook, click the Electric sheet tab. In cell B2 type today's date.
Use the mm/dd/yyyy format; for example, May 21, 2011 would be 05/21/2011. (Note: The leading zero
will not display for single-digit month numbers.)

2. Select cells A6:A8. On the Home tab, in the Number group, click the Number Format list arrow and at
the bottom of the list click More Number Formats. The Format Cells dialog box displays with the

Number tab selected.
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3. Under Category click Date, and then scroll the list and click to select the Date/Time format shown in

Figure 1.18, and then click OK. This sets the format for the cells before you enter the dates.

[ Format Cells |. g ﬁ

Mumber | Akgnmant | Font | Border | Fdl [ Pratecton

Category: |

General a| [Somple [} | Date and
Curréncy time format
T
o 14-Mar 01 =
[
Percentage ;lﬂi'm
frachan March-01 E
ESo March 14, 2001
Spacal . 1. -
e 3/14/01 13:30
|uocabe {ocation):
Engheh (United States) =]

Date formats display date and tme sensl numbers &5 dabe valpes. Date formats that begin with an
msterisk () respond to changes in regional date and time settings that are specified for the operating
system. Formats without an astersk are not affected by operabng system setbngs.

[ox ) [ cone

Figure 1.18. Date and time format selected.
4. Incell A6, type 12/2/10 8:00 AM. In cell A7, type 12/3/10 11:00 AM, and in cell A8, type 12/4/10 8:00

AM. The program stores days as whole numbers and time as a decimal fraction of a day. Eight AM is

8/24 of a day which is 0.333 days. Dates and times can be subtracted to find the interval between them.

Tip: To ensure that the dates and times display properly, it is important that there is a
space between the date and time and between the time and AM or PM. If the spacing is
not correct, Excel will interpret the entry as text and you will not be able to find the
difference in time between the two dates.

5. Examine the three rows of meters shown in Figure 1.19. The first row is the meter reading for 12/2, the
second row for 12/3 and the third row for 12/4. Using the rules described previously, enter the three

meter readings in cells B6:B8 for the three dates.
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12/2

12/3

12/4

Figure 1.19. Meter displays for three dates.
6. Incell C7, write a formula to determine the difference in the first two meter readings: =B7-B6. In cell C8

write a formula to determine the difference between the second two meter readings: =B8-B7. If the meter
readings in cells B7:B8 are correct, the differences will be 31 and 23.

7. In D7 write a formula to determine the difference in amount of time for the first two days: =A7-A6. In
cell D8 write a formula to determine the difference in the amount of time for the second two days: =A8-
AT.

8. In E7 write a formula to determine the number of kWh used each day by dividing the meter difference by
the difference in the days: =C7/D7. Repeat this in cell E8 by typing =C8/D8.

9. Select cells D7:E8. Right-click the selected cells and on the Mini Toolbar click the Decrease Decimal

.00
button until only 2 decimals display. The energy used in the second interval between meter readings

will be about approximately 1.2 kWh less per day.

Tip: The Mini toolbar displays when you right-click selected cells. This toolbar
displays most of the commonly used formatting tools and is a quick way to
format cells rather than using buttons on the Home tab.

Copyright ©2011 - John Preston Page 24



10. Save your workbook.

Key Takeaways

e  Power is the rate of energy transformation. [1.4.1]

e  The American unit of energy is the BTU and the Sl unit is the Joule. Both use kWh for electricity.

[1.4.2]

e  The unit of power in the American system is the BTU/Hr and in Sl it is the Joule/sec which is also

called a watt [1.4.3]

e The dials on a gas or electric meter represent units of consumption where the first dial on the right
represents one unit and each dial to the left is a multiple of ten. The pointers rotate on opposite
directions. When the pointer is between two numbers, use the lower value. To find the energy used,
calculate the difference in meter readings, the difference in meter readings and then divide the

difference in meter readings by the difference in time.[1.4.4]

5 Analyzing Personal Energy Consumption with Excel
Learning Objectives

1. Use relative and absolute cell references in formulas to design formulas for copying and filling
[1.5.1]

Use the sum function to find the sum of a column or row of numbers. [1.5.2]
Use the fill handle to copy a formula to other cells. [1.5.3]

Identify totals using cell borders. [1.5.4]

Format cells as percentages. [1.5.5]

o gk~ w N

Display formulas [1.5.6]

In this section, the energy used by a pair of adults who live in Michigan is analyzed using methods that can

be applied to individuals, households, or small businesses.

1. Refer to Figure 1.20 that displays a copy of a utility bill for natural gas service for the month of
November in Southeast Michigan for a large, older home. Observe that the quantity of natural gas used

was 141 CCFs.

Tip: The natural gas industry combines Roman numerals with abbreviations in
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their measurement units. The Roman numbering system uses C for one hundred
and M for one thousand. CCF stands for one hundred cubic feet and MCF stands

for one thousand cubic feet.

MichCon Gas Residential Heating
Current Charges

Customer Charge

Gas Distribution Charge

2007 U-13898 UETM Surcharge
2008 U-13898 UETM Surcharge
Energy Optimization

Gas Cost Recovery

Residential Michigan Sales Tax

Total MichCon Current Charges

141
141
141
141
141

CCF @ 0.17013
CCF @ 0.0172
CCF @ 0.0348
CCF @ 0.0088
CCF @ 0.798

Service Period

Current Billing Information

Nov 02,20 09 - Dec 01,20 09

8.50
23.99 Days Billed 29
2.42 Meter Number 0714948 02
4.91 Meter Reading 2944 Actual - 3085 Actual
1.24 CCF Used 141
112.52 Your next scheduled meter read date is on
6.14 or around JAN 05, 2010
159.72 | Usage History - Average per day
R Current Last Year
Month Month Ago
CCF Usage 4.9 4.2 5.6
Change 16% -12%

Figure 1.20. Natural gas bill.
In ChO1MeasurementsStudentName, click the Household sheet tab. Click cell B4 and type 141 and then

2.

press Tab to move to the right. In cell C4 type CCF.

Click cell B4. On the Review tab, in the Comments group, click New Comment. A comment box displays

with the name of the registered owner of the computer in the upper left corner.

In the comment box, type Natural Gas use for November from utility bill as shown in Figure 1.21. If

necessary, select the name at the beginning of the comment and replace it with your own name.

A

Example:

Purpose
Heating
Electricity
Gasoline
Food

b I = (R B R TR

B

B D

Household Energy Use per Mont

Conversion
. i e P e T
Quantity Student Name: s
141 @Natuml Gas use for
gNwember from utithity [
bill
[ A 2

Figure 1.21. Comment added to document source of data.
5. Click another cell to deselect cell B4 and close the comment. Observe that a red triangle appears in the

corner of the cell to indicate the presence of a comment. Move the pointer onto cell B4 to display the
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comment.

the electric bill consists of two parts—244 KWH for the hot water heating and 1035 KWH for the

Refer to Figure 1.22 that shows the electric bill for the same residence for the same month. Observe that

residential use. The electric water heater is connected to a radio-controlled device that allows the utility to

turn it off when there is a shortage of generating capacity. They charge about a third less per kwh for this

service
——
Detroit Edis&interruptible Water Heating Servi
Current Charges Current Billing Information
Power Supply Charges: g:rv;c;'::jnod ;Jgov 02,20 09 - Dec 01,20 09
Power Supply Energy 244 KWH @ 0.0374 9.12 Me{“ Number 4234882 02
ther P . -
Othr Powsr Supply Surcharges 170 | Metor Reading 53076 Actual - 53320 Actual
Delivery Charges: KWH Used 244
Service Charge 195 | your next scheduled meter read date is on
Distribution 891 | or around JAN 08, 2010
Energy Optimzation 26 !
Other Delivery Surcharges** 3.86 | usage History - Aver. r da
Residential Michigan Sales Tax 82 L il Currm <% La.!.l Year
Total Detroit Edison Current Charges L7 PR -
i Change 4%  -10%
Detroit Ec@slda ntial Electric Service >
Current Charges Current Billing Information
Power Supply Charges: gerv:c;‘rednod ;Jgov 02,20 09 - Dec 01,20 09
Power Supply Energy 493 KWH @ 0.08486 1 ] Mg P S =
542 KWH @ 0.07896 42 80
Renewable Energy Plan Surchg 3.00 Motargo:ddlrng :8;:545 Actual - 75470 Actual
Oth'or Fower Supply Surcharges* -1.24 Your nesxi scheduled meter read date is on
Delivery Charges: or around JAN 05, 2010
Service Charge 6.00
Distribution 36.71 | usage History - Average per day
Energy Optimization 1.12 Current Last Year
Other Delivery Surcharges*™ 19.39 Month Month Ago
Residential Michigan Sales Tax 535 KWH Usage 357 326 420
Change 9% -15%
Total Detroit Edison Current Charges 13911

Figure 1.22. Hot water heating billed separately from other electric uses.
7. Click cell B5. Type =244+1035 and then press Tab. This basic formula adds the two values. In C5, type

KWH and then press Enter.

8. Use the skill you previously practiced to insert a comment in cell B5 using your name. The comment is;

From utility bill for November; sum of hot water and residential bills. Refer to figure 1.23.
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BS - fe | 24441035
i) B C D
Household Energy Use per Mon
2 Example:
Conversion
3 | Purpose  Quantity Units Factorto BTUs
- b —
& HEETII‘-'IE- 141, Student Name:
5 |Electricity 12790K\ From utility bill for
6 Gasoline Movember; sum of hot
water and residential bills
7 Food
g

Figure 1.23. Formula and comment entered.

9. In BG6, type 50 and then in C6 type Gallons. Add a comment to B6 using your own name; Estimated four

fill-ups of 12.5 gallons in November

10. In B7, type 150,000 and then in C7 type Food Calories. This estimate uses a website named ShapeFit that

provides food calorie estimates.

11. To B7, add the comment; Assumes two people eating 2,500 calories per day for 30 days; Estimate from

http://www.shapefit.com/dailycalorie-calc.html

Formula

Tip: Food is a form of energy stored in the chemical bonds between atoms and
molecules. The food calorie is a unit of energy measurement in the American
system that is based on an old metric system measurement where 1 calorie is the
heat it takes to raise 1 kilogram of water one degree Celsius.

12. From OnlineConversions.com, copy and paste the appropriate conversion factors in column D and

remove spaces as needed.

Tip: Recall that the unit of natural gas is CCF which stands for hundred cubic feet.
In the table, it might be alphabetized under H instead of C.

13. Select D4 through D7. (D4:D7). Right-click the selected cells and on the Mini toolbar click the Comma

Style button E
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Tip: The abbreviated way to indicate a range of cells in a spreadsheet is to
provide the cell names at the opposite ends or corners of the range. If the range
is a rectangle of cells, the two cells are the ones at the upper left and lower right.

14. In cell D4, insert a comment using your name: All conversion factors from www.onlineconversion.com.

15. Click cell E4. Type =B4*D4 and then on the Formula Bar, click the Enter button, ¥ . Right-click the

selected cell and from the Mini toolbar click the Comma Style button E and then click the Decrease

Decimal button two times.

Tip: Formulas in spreadsheets are designed to be copied to reduce the effort it
would take to type similar formulas many times. The program interprets the
formula in cell E4, =B4*D4, to mean “use the value in the cell that is three cells to
the left and multiply by the cell that is one cell to the left”. The references to
cells B4 and D4 are relative cell references.

16. With cell E4 selected, move the pointer to the lower right corner of the cell. Observe that the pointer

changes into a plus as shown in Figure 1.24. The lower right corner of the cell is called the fill handle.

D E
ehold Energy Use per Mon

Conversion
Factor to BTUs BTUs Mouse pointer shape
103,046.67 I 14,529,581 | _— whenthe fill handle is
oma e =+ selected

Figure 1.24. Fill handle selected.
17. Drag the fill handle down to cell E7. Click each of the cells E5, E6, and E7. Observe on the Formula Bar

that each formula is different but they all refer to the two cells that are in the same relative position.
18. Click cell E8. On the Home tab, in the Editing group click the AutoSum button, (X, The SUM function

and its range are displayed, as shown in Figure 1.25.
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A B C D E F
Household Energy Use per Month

Example:
Conversion

3 | Purpose  Quantity i Units Factor to BTUSF_______ -?ny-—-—-—-—a Percentage
4 |Heating 141 CCF 103,046.67 | 14,529,581 ¢

5 |Electricity 1279 KWH 3,412.14 | 4,364,129 !

6 Gasoline 5IZ:I Gallons 124,5384.38 E 6,244,219 E

7 |Food ISD,DD[? Food Calories 3.97 L________ 595,2ﬂ§i

8 =SUM( |

9 | SUM{numberl, [numberZ], ...) |

Figure 1.25. Sum function adds a column of numbers.

Tip: Excel has a library of programs that are called functions. The programs have
names like SUM followed by parentheses that enclose the range(s) of cells that
they use. The SUM program is one of the most commonly used so it has its own
button on the ribbon. A complete list of these programs is displayed when you

Jx

click the Function button on the Formula Bar.

19. Examine the range of cells that is indicated by the marque—moving dotted line—around the cells.
Confirm that the range E4:E7 that is highlighted between the parentheses is the range you wish to sum.
Click the Sum button a second time to complete the process, or press Enter.

20. Click cell E8. On the Home tab, in the Font group click the Borders arrow. A list of cell borders displays.

Move the pointer to the Top and Double Bottom Border option, as shown in Figure 1.26.
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i

E Home Insert Page Layout Formulas Data Review

B °$ Calibri E= =
Paste . B I U - === i=s= -
- <7 = === -
Clipboard Fg Borders
BB - | =su i Bottom Border
A B Top Border E

Left Border
1 Househ -

Right Border
2 Example:

Mo Border

_ HH AllBorders
3 | Purpase  Quantity ] 3TUs
4 |Heating 14T Outside Borders 1,529,581
5 |Electricity 1279 Thick Box Border 4,364,129
6 Gasoline 50‘ % Bottom Double Border 6,244,219
|

7 Food 150,000 Thick Bottom Border 595,248
8 Top and Bottom Border w.
9

Top and Thick Bottom Border

Top and Double Bottom Border
1 S

Figure 1.26. Top and Double Bottom Border option.
21. Click the Top and Double Bottom Border option.

Tip: The Top and Double Bottom Border is used to visually indicate a sum at the
bottom of a column of numbers.

22. Click F4. Type =E4/$E$8 and then on the Formula Bar, click the Enter button, ¥ . Right-click the

selected cell and on the Mini toolbar click the Percent Style button, %], Observe the formula in the

Formula Bar.

Tip: In column H, the intention is to design a formula that can be filled into cells
H5:H7. In each formula, the cell to the left should be divided by the value in cell
G8—not the value in a cell that is to the left one and down four cells. To lock in
the reference to cell G8 so that it does not change as the formula is filled into
other cells, its column and row references are preceded with a dollar sign. This
dollar sign has nothing to do with currency. It is a historic relic of the early days
of programming when dollar signs were used for other purposes. This locked
reference is called an absolute cell reference. To save time typing, an absolute
reference can be applied to a cell in a formula by pressing the F4 key on the
keyboard.
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Relative cell reference
changesto same
relative location when
formula iz filled

Abszolute cell reference will
not change when formula is
filled to other cells

HN

FA - ﬁr| ~E4/SESR
A B C B E F
1 Household Energy Use per Month
2 Example:
Conversion
3 | Purpose  Quantity Units Factor to BTUs BTUs Percentage
4 Heating 14f CCF 103,046.6?‘ 14,529,581 I 56%!
5 |Electricity 12?9‘ KWH 3,412.14 4,364,129
6 Gasoline 50 Gallons 124,384.33 6,244,219
7 Food IED,DDEL‘ Food Calories 3.97 595,248
8 25,733,177

Figure 1.27. Relative and absolute cell references used in a formula.
23. On cell F4, use the skill you practiced previously to drag the fill handle down to cell F7. This calculates

the percent of energy used for each purpose: heating, electricity, gasoline (transportation) and food.

24. Click F7. Observe that the relative reference to the cell to the left is now E7 but the absolute reference to

E8 is unchanged.

25. Press and hold the Ctrl key and press the ~ key (accent grave) one time. This key is located to the left of

the 1 key on the numeric row. This keyboard shortcut displays the formulas for the entire worksheet as

shown in Figure 1.28, which enables you to see the pattern and look for discrepancies. Alternatively, on

the Formulas tab, in the Formula Auditing group click the Show Formulas button.
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L2e"7,

Show Formulas button _\

e et Page Lapout Farmulas Data Fevew View \
- 1 £a - . - . = $on Trace Precedents  B58 Show Formutas - o
k ZT 888 - £ @ & ; s
i 9 '3 wd Trace Depengents ¥p Emar Checiing
Insert  Actotom Recertly Pnancisl Logicdl Tet Date & lockup &  MMn Mace weh Sheutat
Fondtisn . Used * . Time + Reference = & Trig * Functizas*  Mans Tom Selec®on 7, Remour Amowd + (] Deabaate Tormals  \indow >
7 - o | =€7/5€58
B 8 C D
1 Household Energy Use per Month
I Example:
3 Pwpose Quontty Units Conversion Foctor to BTUs 8TUs Percentage
4 Mesting 181 “ccr 103046.6726% “=pa'04 =£4/$£58
5 [lectnony *244+1035 .l..\'n M12.1404799 85°05 "
6 Gasoline 50 Gallons 12488437816 =86°06
. v
7 food 150000 Food Calories 3.5683205411 \87°07

=SUM|E4:£7)

Relative cell references

Absolute cell reference did
changed when formula was
filled to other cells not change when formula

was filled to othercells

Cellsused in formula outlined

Figure 1.28. Relative and absolute cell references displayed in a formula.

26. Press Ctrl + " to redisplay the results. Save your workbook.

Key Takeaways

Relative cell references change when a formula is copied or filled to retain the same relative
relationship between the location of the formula and the cell to which it refers. Absolute references
do not change when copied and always refer to the same cell.. [1.5.1]

The SUM function is a small program that adds the numbers in adjacent cells. It guesses which
range to add and indicates the range with a moving dotted line called a marque. [1.5.2]

The content of a cell can be copied into adjacent cells by dragging the fill handle—the small square

at the lower right corner of the selected cell. [1.5.3]

The total of a column of numbers can be indicated with a border that consists of a single line at the

top of the cell and a double line at the bottom. [1.5.4]

A decimal fraction can be displayed as a percentage by clicking the Percent Style button in the

Number group, or on the Mini toolbar. [1.5.5]

Display formulas by pressing the Ctrl key and the accent grave key (7). Alternatively, on the

Formulas tab, in the Formula Auditing group, click the Show Formulas button. Repeat either action
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to re-display the formula results in the cells. [1.5.6]

Key Terms

Absolute cell reference

Cell reference in a formula that is locked to a particular cell and does not change when the formulas is copied
or filled to other cells.

American system

Measurment system used in the United States that is based on the former British Imperial measurements,
officially known as the United States Customery System.

British Thermal Unit (BTU)

Unit of energy used in the American system that is a measure of the amount of heat energy that will raise one
pound of water one degree Fahrenheit.

BTU per Hour (BTU/H)

Unit of power in the American system.

Conversion Factor
Multiplier used to change from one measurement unit to another.

Cookie
Text file stored on a computer by the Web browser that contains an identification number.

Denominate numbers
Numbers used as names or with units of measure.

Energy audit

Inventory of devices that includes their discription, location, power rating, and hours of operation.

Fill handle

Small rectangle at the lower right corner of a cell which is used to copy or fill content from one cell the the
next in a column or row.

Horsepower
Unit of power measurement used to rate the power of engines.

Identity theft

Impersonation of another person for fraudulent puposes.

Joule
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Unit of energy in the SI system.

Joule per second (J/s)
Unit of Power in the SI system

KiloWatt

Unit of electric power in the SI and American systems.

KiloWatt-hour

Unit of electric energy in the Sl and American systems.

Marque
Moving dotted line.

Power
Rate of energy transformation.

Qualitative reasoning
Using relative comparisons to describe the quality of things.

Quantitative reasoning
Using numbers combined with logic to make inferences.

Rank order
Sequential numbers that indicate an order according to a criterion.

Relative cell reference

Cell reference that is defined in terms of its location to the left, right, up, or down direction from the cell in
which the formula resides.

le Systeme international d'unités (SI)
System of measurment units used by most countries based on the former metric system.

Social Security Number (SSN)

Number assigned by the U.S. government for puposes of tracking social benefits programs.

Transform
Change forms of energy.

United States Customary System

Units of measure that are based on the former British Imperial measurements, also known as the American
system.
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