
Chapter 1 - The Numbers of Science

1.1 Orders of Magnitude and Scientific Notation

What does it mean when we say something increases by an order of magnitude? Does it mean the value
doubles, triples, or eve quadruples? When we say something has increased by and order of magnitude, we
mean that it has changed by a factor of 10. If something increased by two orders of magnitude, it increased
by 10 x 10 = 102 =100.. And increase of three orders of magnitude would be 10 x 10 x 10 = 103 = 1000,
etc.

Activity 1.1

How much stronger ws the 2011 Japan earthquake than the 2001 Nisqually earthquake?

One of the ways seismologists measure the magnitude of an earthquake is with the Richter scale. First
developed by Charles Richter in 1935, while studying earthquakes in California, the Richter scale has
become the predominant way we talk about the magnitude of an earthquake. The 2011 earthquake in
Japan measured 9.0 on the Richter scale, while the 2001 Nisqually earthquake registered at 6.8 magnitude.
Clearly, the earthquake in Japan was stronger, but how much stronger? Each increase of 1 on the Richter
scale corresponds to an increase of 10 in the intensity of the earthquake. See Table 1.

Table 1: Earthquake Magnitude and Relative Increase

Magnitude Relative increase in energy over a magnitude 1 earthquake

1 1

2 10

3 100

4 1000

5 10,000

6 100,000

7 1,000,000

8 10,000,000

9 100,000,000

1. With a partner, compare the difference in strength between the earthquake in japan the the Nisqually
earthquake. Write a sentence that communicates your ideas.

2. Compare the sentence you and your partner wrote wiht the other table pair. What did you notice?
Be prepared to report out.
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Table 2: Comparison of Standard Decimal Form and Scientific Notation

Item Standard Decimal Form Scientific Notation

Age of the Universe 13,700,000,000 Earth yrs. 1.37x1010 Earth yrs.

Age of Earth’s Solar System 5,000,000,000 Earth yrs. 5.0x109 Earth yrs.

Radius of a living cell 0.000 01 meters 1.0x10−5 meters

Radius of an atom 0.000 000 000 1 meters 1.0x10−10 meters

The numbers in Table 1 are given in standard deciaml form. Standard decimal form works well
when we are writing numbers that don’t get too far from zero, say 12, 000 or $2.54. But what happens
when we want to write about the age of the universe or the radius of an atom? Scientists who worked
with a very large and very small numbers developed a different way of communicating these ”extreme”
numbers - Scientific Notation. Table 2 compares numbers in Standard Decimal Form and Scientific
Notation.

Scientific Notation

A number is in scientific notation if it is in the form:
A x 10n

Where 1 ≤ A < 10

n is an Integer {...,−3,−2,−1, 0, 1, 2, 3, ...}

Activity 1.2

1. With a partner, come up with an algorithm (strategy) to convert numbers from standard decimal
form to scientific notation and vice versa.

2. Explain your algorithm to the other table pair.

3. Use the other table pair’s algorithm to complete the table below. Then, compare and discuss the
similarities and/or differences in your algorithms.

As we saw in the earthquake example, scientific notation is also very helpful in comparing the sizes of
different things. For example, how does the size of a human radius compare to the size of an atom? I
bet you’ve been thinking about that question for a long time! Table 3 includes the sizes of some common
objects in the universe in standard decimal form and in scientific notation.
Table adapted from Explorations in College Algebra, 5th Ed. Kime, Clark, and Michael. 2013. Page 213.
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Standard Decimal Form Scientific Notation

3.25 x 10−4

.210 101

345,000,000,000

1.68 x 108

Table 3: Relative Sizes of Objects Compared with a Human

Object Size in meters (standard form) Size in meters (scientific notation)

Human radius 1 1 x 100

DNA length 0.01 1 x 10−2

Cell radius 0.000.01 1 x 10−5

Atom radius 0.000 000 000 1 1 x 10−10

We can see from Table 3, that if the number was only written in standard form, it would be difficult to
quantitatively compare the relative sizes of the objects in the table. However, using the column where the
numbers are written in scientific notation, we can more easily make comparisons!

Activity 1.3

Use Table 3 to compare each of the following. Write your answer in a complete sentence.

1. Compare the size of the radius of a human and the length of a DNA molecule.

2. Compare the length of a DNA molecule to the radius of an atom.

3. Compare the radius of a cell to the length of a DNA molecule.

The Metric System
In science, we often use the Metric System as a way to measure things. One of the reason the Metric
System is favored is because ther are standard prefixes that indicate the number of times the base unit is
multiplied or divided by 10. the base units of the metric system are listed in Table 4.
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Table 4: Metric System Units of Measure

Base Unit Abbreviation What it measures)

gram g weight
liter l volume

meter m length

Prefixes are then attached to the base unit to indicate how many times the grams, liters, or meters have
been multiplied or divided by 10. For example, 1 kilogram represents 1000 grams (about 2.2 pounds), a
kilometer represents 1000 meters (about .62 miles). The prefixes, and the corresponding number of times
the base unit is multiplied or divided by 10, are listed in Table 5.

Table 5: Powers of 10 and the Metric System

Prefix and abbreviation Exponential Form Multiplier

Giga (G) 109 1,000,000,000

Mega (M) 106 1,000,000

Kilo (K) 103 1,000

Base Unit (g,l,m) 100 1

deci (d) 10−1 .1 = 1
10

centi (c) 10−2 .01 = 1
100

milli (m) 10−3 .01 = 1
1000

micro (µ)(read mu) 10−6 .000001 = 1
1,000,000

nano (n) 10−9 .000000001 = 1
1,000,000,000

pico (p) 10−12 .000000000001 = 1
1,000000000000

femto (f) 10−15 .000000000000001 = 1
1,000,000,000,000,000
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Converting between units in the metric system.

Example 1.1

1. We want to convert 32 centimeters to meters. Let’s follow these steps:

(a) Make a conjecture. Do we expect the number of meters to be more or less than the number
of centimeters? Since a meter is larger than a centimeter (there are 100 centimeters in a meter),
we think it will take fewer meters than centimeters to span the same distance.

(b) Set up the question. 32 cm = meters.

(c) Identify the multiplier (conversion factor) from centimeters to meters). In this case, our
ending unit is a base unit (meters), so we can just read the multiplier of Table 5.
The multiplier from centimeters to meters is 10−2 or .01 or 1

100
.

(d) Calculate the number of meters in 32 cm by multiplying 32 by the multiplier we found in 1c.
32 cm x .01= .32 meters.
We can also write our answer using scientific notation, 3.2 x 10−1 meters.

(e) Check to see if the answer matches our conjecture that there will be fewer than 32 meters.
And it does!

2. This time, we will convert 2.4 Kilograms to centigrams.

(a) Make a conjecture. Our conjecture is that, since centigrams are smaller than Kilograms, we
will have more than 3.2 centigrams in our final answer.

(b) Set up the question. 2.4 Kg = centigrams. I

(c) Identify the multiplier (conversion factor) from Kilograms to centigrams. The multiplier
from Kg to cg is 105 or 100,000. We got this number from looking at the multiplier for Kilo
(103) and the multiplier for centi (10−2) and subtracting the exponents. Before you decide in
which order you should subtract the exponents, think about your conjeture and which result
will give you the desired quantity.

(d) Calculate the number of centigrams in 2.4 Kilograms by multiplying 2.4 by the multiplier we
found in 2c.
2.4 cm x 100,000 = 240,000cg.
We can also write our answer using scientific notation, 2.4 x 105 cg.

(e) Check to see if the answer matches our conjecture that there will be more than 2.4 Kilograms.
And it does!
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Activity 1.4

Please complete this activity in your table groups.

1. Convert each of the following to grams. Write your answer in scientific notation.

(a) 32 Kilograms

(b) .145 Kilograms

(c) 3.4 decigrams

2. Convert each of the following to Kilometers. Write your answer in scientific notation.

(a) 283 meters

(b) 1,245 centimeters

(c) 18 micrometers

3. Convert each of the following to milliliters. Write your answer in scientific notation.

(a) 6 liters

(b) 12 milliliters

(c) .04 liters

6



Exercises 1.1 - Orders of Magnitude and Scientific Notation

1. For problems a - h below, write the given number in scientific notation.

(a) 0.0325

(b) 64.79

(c) 43,000,000

(d) 7364

(e) 213.67

(f) 4

(g) 0.498

(h) 288

2. For problems a - h below, write the given number in standard decimal form.

(a) 3.2 x 106

(b) 6.9 x 100

(c) 4.99 x 101

(d) 2 x 104

(e) 5.05 x 10−1

(f) 7.26 x 10−3

(g) 2.1 x 1012

3. For problems a - d below order the numbers from smallest to largest.

(a) 43,624 4.4 x 103 4.6 x 10−4

(b) 2.35 x 10−4 .0000233 .00245

(c) 3.4 x 107 4,500,000 4.5 x 106

(d) 3.6 x 104 -.00036 3.6 x 10−4

4. Convert each of the following to the appropriate base unit (meter, liter, gram) Write
your answer in scientific notation.

(a) 3.84 Km

(b) .284 ml

(c) 147 mg

(d) 3,457 Kg

5. For problems a - e below, determine how many orders of magnitude larger one number
is than the other. Write your answer in the form of a sentence.

(a) 109 m and 107 m

(b) 1021m and 1,000,000,000,000 m

(c) 10−24 g and 10−3 g

(d) 1011 m and 1016 m

(e) 10−10 and 10−7 m

7



1.2 Working with Exponents

As we saw in section 1.1, powers of 10, or exponents, play a key role in how e communicate about science.
Not unexpectedly, exponents and their properties are essential for understanding science and much of
mathematics. Later in the quarter, we will explore exponential functions. For now, we will focus on the
mechanics of working with exponents. Table 6 below show properties of exponents with examples.

Table 6: Properties of Exponents

Property Example

an · am = an+m a2 · a3 = (a · a)(a · a · a) = a · a · a · a · a = a5 = a2+3

an

am
= an−m a4

a2
= a·a·a·a

a·a = a·a
a·a · a · a = 1 · a · a = a2 = a4−2

(am)n = amn (a2)3 = (a · a)3 = (a · a)(a · a)(a · a) = a · a · a · a · a · a· = a6 = a2·3

(ab)n = anbn (a · b)2 = (a · b)(a · b) = a · b · a · b = a · a · b · b = (a · a)(b · b) = a2b2

(a
b
)n = an

bn
, b 6= 0 (a

b
)2 = (a

b
)(a

b
) = a·a

b·b = a2

b2
, b 6= 0

Integers are numbers that belong to the set {...,−3,−2,−1, 0, 1, 2, 3, ...}; often, we have to work with expo-
nents that aren’t Integers. Sometimes we use symbols to describe these non-Integer or rational (fractional)
exponents. The symbol most of us are familiar with is the square root symbol,

√
4 as an example. This

symbol with a 4 written underneath it is asking the question: ”What number, multiplied by itself, is equal
to 4?” The way we would write

√
4 with a rational exponent would be (4)

1
2 . Rational exponents obey all

the same properties of exponents as their Integer exponent cousins that can be found in Table 6.

Activity 1.5

In your groups, please simplify the following. Write each variable as an expression with positive exponents.
This is often called ”standard” form.

1. (−2x
3y2

3
√
y

)

2. (4ab
3·a−2

2b
)3

3. a3b−2

4. z3z
1
5

z4

5. (a + b)2

Since numbers that are written in scientific notation include exponents, we use our knowldege of how to
work with exponents to solve problems that involve scientific notation.
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Example 1.2

The distance light travels in a year is 5.88× 1012 miles. If a star is 2.4× 108 light years from Earth, how
far is the star from Earth in miles? Write your answer in scientific notation.

Rate = 5.88× 1012 miles per year. Time = 2.4× 108lightyears

Distance = Rate × Time

Distance = 5.88×1012 miles
1 light year

× 2.4×108 light years
1

= 5.88× 2.4× 1012× 108 = 14.112× 1020 = 1.4× 1021 miles

Note: the least precise measure has 2 significant figures, so the solution has 2 significant figures.

Exercises 1.2 - Working with Exponents

1. For problems a - d below, simplify each expression and eliminate negative exponents.
Show your work.

(a) 12x−3

2z4

(b) y−7

x−13

(c) 3xz−5

7

(d) 16y2

2x−2

2. For problems a - i below, simplify the expression and write your answer in standard
decimal form.

(a) 3.2× 103 × 4.1× 10−2

(b) −2.6× 10−5 × 6.6× 105

(c) 2.002× 10× 5.6× 10−4

(d) 5.032× 108 × 7.346× 10−6

(e) 2.4× 10
3
7 × 5.8× 10

5
7

(f) 1.6× 100 ×−3.9× 10
4
5

(g) 3.6×104
×102

(h) 4.9×10−4

19.6×10−9

(i) 14.9×10−1

11.175×104

3. For problems a - l below, simplify each expression and eliminate negative exponents.
Show your work.

(a) 2x(3x5)
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(b) t14t9

(c) (4b)4

(d) x−4y−9

z−5

(e) 3x2y−2

xyz

(f) 14r4−8s
14r−5

(g) (4m5)
1
3

(h) −2y
1
5 (14y−2)

(i) 1.2×104x
3.6×102x

(j) 4x−7y−2

82y−4z−1
√
x

(k) ((n3)2)2

(l) (−2b
4a

)3

4. If the mass of a proton is 1.67262× 10−27 Kg and the mass of an electron is 9.10939× 10−31 Kg, how
many times heavier is a proton than an electron. Write your answer in scientific notation.
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1.3 Unit Conversions - Dimensional Analysis

On this planet, there are two types of measuring systems commonly used, the British System feet, miles,
pounds, gallons, etc. and the International system (SI) meters, liters, grams). At times we will need to
move effortlessly between these two systems, as well as change units ofmeasure within each system. Earlier
in the chapter, we simply need to know how many times we needed to multiply or divide a number by 10
to move with the metric system. converting within the British System, and between teh British System
and the International System require a bit more effort. The box below shows common conversion factors
within the British System.

Common Conversion Factors - British System

Units of Length
12 inches = 1 foot

3 feet = 1 yard
5280 feet = 1 mile

Units of Volume
2 pints = 1 quart

4 quarts = 1 gallon

Units of Weight
16 ounces = 1 pound

Conversion factors for working with in the International System can be found earlier in section 1.1. How-
ever, there is one very important conversion factor within SI that you’ll want to memorize.

1 ml = 1 cm3

When we need to convert units between the measurement systems, say going from miles to kilometers, or
liters to gallons, we mush know some conversion factors between measurement systems. While it is possible
to memorize every single conversion factor, it probably isn’t a good use of your time or brain cells! The
three conversion factors listed below, along with what you have already learned about conversions within
the measurement systems, are really all you need to be able to be a dimensional analysis magician!

1 inch = 2.54 centimeters
2.2 pounds ≈ 1 Kilogram

1 gallon ≈ 3.8 liters
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Activity 1.6

In your groups, please answer the following questions. Be able to show how you did your work and justify
your answer. You may be asked to present your solution to the class. Remember to write your answer in
scientific notation with the appropriate number of significant digits.

A student ran 3.10 miles. Hom many inches did they run?

Activity 1.7

In your groups, please answer the following questions. Be able to show how you did your work and justify
your answer. You may be asked to present your solution to the class. Remember to write your answer in
scientific notation with the appropriate number of significant digits.

A student drank 3.40 gallons of water over a 5 day period. How many cubic centimeters of water did they
drink, on average, each day?

Exercises 1.3 - Unit Conversions

1. For problems a - c below, convert the given measurement to meters.

(a) 476 millilmeters

(b) 0.048 Kilometers

(c) 1640 centimeters

2. For problems a - c below, convert the given measurement to days. Round to the nearest
tenth.

(a) 967 hours

(b) 81 weeks

(c) 7.2 x 106 seconds

3. For problems a - h below, convert the given measurement to the desired units. Round
to the nearest tenth.

(a) 15 inches = centimeters

(b) 200 yards = meters

(c) 40 kilograms = pounds

(d) .75 miles = kilometers

(e) 953 minutes = hours
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(f) 272 weeks = years

(g) 59 pounds = ounces

(h) 50 mph = kph

4. For problems a - i below, show all your work and round your answers to the nearest hundredth.

(a) You made 5 gallons of iced tea for a party. After the party, you are left with 4.7 liters of iced
tea. How many gallons of iced tea were consumed at the party?

(b) You are taking part in a 30 mile long bicycle race. you have already completed 20 kilometers
of the race. How many more miles until you finish the race.

(c) You and your friend are playing catch. You threw the ball 10 yards to your friend. They threw
it back in your direction and it traveled 10 meters. how many yards toward the or away from
your friend would you have to move to catch the ball? (Assume the ball traveled in a straight
line.)

(d) You rode your bide for 7.4 miles and your friend rode theirs for 10.5 kilometers. Who rode their
bike the farthest and how many kilometers farther was it?

(e) A road sign tells you taht you are 78 miles from Seattle, Washington and you are driving at a
constant speed of 72.4 kph. If you continue at this rate, how long, in minutes, will it take you
to get to Seattle?

(f) The radius fo the Earth is approximately 3,959 miles. What is the radius of the Earth in meters?

(g) You want to send a package in the mail. The package cannot exceed 15 kilograms. Four of the
items in the package weigh 4.5 pounds each. The remaining item weighs 250 ounces. Will you
be able to send all of the items in a single package? How much (in grams) are you over or under
the 15 kilogram limit?

(h) A half a cup of vanilla ice cream has 0.014 kilograms of sugar. If you daily goal is to stay under
20 grams of added sugar and you have already consumed 11,000 milligrams of added sugar, can
you eat the vanilla ice cream and stay under your goal? How many grams are you over or under
your goal?
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