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Scientific Notation and Common Logarithm

Material Vocabulary
1. physics (# 32), 2. round (= # 1 »), 3. significant
B—EEEH «MWrAIRM
(7 ?<i), 4. figure (#F ), 5. scientific (# § ), 6.

notation (* %), 7. approximately (iT 17), 8.

exponent (:f;] #), 9. population (* v ).

lllustrations |

Frequently numbers that occur in and other sciences are either very large or very
small. For example, the speed of light in a vacuum is 299,792,458 m/s, which can be to
299,800,000 m/s. When we use 299,800,000 m/s to represent the speed of light, it is referred to
as “rounding the speed of light to 4 ,” or “we use 4 significant figures to
represent the speed of light, which is 299,800,000 m/s.” Additionally, we can express the number
as 2.998 x 108, which is referred to as
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Scientific Notation

Every positive real number a can be expressed as
b=ax10",

where 1 <a< 10, and n is an integer. ax 10" is called a scientific notation of b.

It's important to note that rounding the speed of light to 3 significant figures gives

300,000,000 m/s, which can be expressed as 3.00x10° m/s.

Scientific notation is utilized to represent not only large but small numbers. For example,
the wavelength of red light, 0.000000650 meters, can be expressed as 6.5x107";
the diameter of the SARS virus is 85 nanometers, and since 1 nanometer equals 10~
centimeters, it can be converted to 8.5x 10°° centimeters.
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Note:

Scientific notation is sometimes informally referred to as “e-notation.” In “e-notation,” the

number is represented as a coefficient multiplied by 10 raised to a certain power. The letter “e”

stands for “exponent®.” For example, the number6.5x107 in scientific notation is equivalent to
6.5e-7 in “e-notation.” This notation is commonly used in scientific and mathematical contexts.
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Examples |

The population? of the USA in 2018 was 329,976,959
(1) express the population in scientific notation with 2 significant figures.
(2) express the population in scientific notation with 3 significant figures.
Solution
(1) To express the number with 2 significant figures, it needs to be rounded to the nearest ten
million, resulting in 330,000,000. This can be written in scientific notation as 3.3 x 108.
(2) To express the number with 3 significant figures, it needs to be rounded to the nearest

million, resulting in 330,000,000. This can be written in scientific notation as 3.30 x 102.

Examples Il

Compute the following values and express them in scientific notation with 2 significant
figures.
(1) (3.0x10%) x (4.5x 107) (2)(3.2x10%) - (7.1x 10%3)
Solution
(1) (3.0x 10%) x (4.5 x 107)
=(3.0x4.5)x (103 x 107)  multiply the coefficients and add the exponents

=13.5x10*
=1.35x 103 express it in scientific notation with a coefficient less than 10.
~1.4x10°3 express it with 2 significant figures




(2) (3.2x10%) - (7.1 x10%3)
=(3.2x10%) - (0.071 x 10*°)  ensures that both terms have the same power of 10

=(3.2-0.071) x 10% subtract the coefficients
=3.129x 10% express it in scientific notation.
~3.1x 10" express it with 2 significant figures
Material Vocabulary
ﬂﬂ“ﬁv%mm N 10. common (% * ), 11. logarithm (%} #k), 12. observe
P (B.%%), 13. accurate (¥ 7%), 14. raise (<! 42), 15.

fundamental (& #), 16. property (1 %), 17.

frequency (¥ &), 18. adjacent (#8iT ).

lllustrations Il

Scientific notation, expressed as b = a x 10", is a tool for representing both very large and
very small numbers. The exponent “n” of 10 helps us figure out how big or small b is.

Any positive number “b” can be expressed in the form of “an exponent with base 10,” and
the value of this exponent (also known as the index) can be denoted by using the symbol “log b”
as b =10"8%, where log b is called the of b. Ex: 2 = 10'°82, 0.5 = 10'°8 03,
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Logarithms in Base 10

Considering the graph of y = 10" which is shown in figure 1, it’s easy to solve the equation
10* = 10, which yields x equals 1. But, when dealing with the equation 10* = 20, we could make
an approximation by that 10' = 10 and 10? = 100. Hence, we can estimate that x lies
within the range from 1 to 2.
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Now, to get a more value for x, we can experiment with different values of x

within the range from 1 to 2 until we find the exact value that satisfies 10* = 20.
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Figure 1
When we express a positive number y as 10, we refer to x as the logarithm in base 10 of y.

The base-10 logarithm of a positive number is the power to which 10 must be to
produce that number.
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The Definition of Common Logarithm
The logarithm in base 10 of a positive number is the power that 10 must be raised to yield
that number. Forany b >0, 10*= b if and only if logio b = x.
For example:
1. The base-10 logarithm of 1000 is 3 because 1000 = 103. This can be written as logio 1000 = 3 or
log 1000 = 3.
2.log (0.01) = -2 since 0.01 = 102,
3. To solve the equation 10*=20, we can approximate x equals 1.3 by using a calculator, denoted
in logarithmic notation as x = log20 = 1.3.
Key points:
The rule for base 10 is:
If y=10"then x =logio ¥y
This rule can be described in words as:

logio v is the power that 10 must be raised to obtain y.

Note:

1. logis short for logarithm.




2. logiob can be read as “log base 10 of b,” “the logarithm in base 10 of b,” “log b to the base of
10,” or it's shortened to “log 10 b.”
3. A common logarithm is a logarithm with base 10. You can write a common logarithm logio x

simply as log x, without showing the 10.

Examples Il

(a) Express 2.7 in the form of an exponent with base 10 using the common logarithm.
(b) Find the value of 1008314,
Solution
(a) The rule for base- 10 logarithm is: if y = 10* then x = logio y.
Plug in y = 2.7, which yields 2.7 = 10%, leading to x = log10 2.7 = log 2.7.
Hence, 2.7 = 10* = 10 o827,
The answer is 10 827,
(b) From question 1, we know that y = 10* = 108,
Plug iny = 3.14, which results in 3.14 = 10* = 10°83-24,

The answer is 3.14.

Examples IV

Given b = log13, find the following values: (a) 100° (b) 10°+ 10®.
Solution
By applying the of logarithms, we know that 13 = 10'°813 = 10P,
(a) 100° = (102)P = (10°)? = 132 = 169.
(100 raised to the power of “b” equals 10 squared raised to the power of “b,” also equals 10
raised to the power of “b” squared, and equals 13 squared, which is 169.)

- 1 1
(b) 10°+107° :10”+(10”) 13413t =134 = =270
13 13

(10 to the power of “b” plus 10 to the power of “negative b” equals 10 to the power of “b”
plus 10 to the power of “b” whole quantity to the power of negative 1 equals 13 plus 13 to

the power of negative 1, and equals 13 plus 1 over 13, which is 170 over 13.)

Examples IV

Musical notes are named according to the of their sound waves. They are
labeled with letters of the alphabet(F #). A note which has twice the frequency of another is

said to be one octave(/\ ) higher than it. So, one C is an octave below the next C.




A note n octave above “Middle C” has a frequency of f Hz. The variables n and f are related

. f
by the equation n~3.322log| —— |.
Y a g(261.6

A|lB|C|D|E|F|[G|A|B|C|D]|E
F—loctave—ﬂ

(a) Find the frequency of “Middle C".

(b) How many octaves above “Middle C” is a note with a frequency of 784 Hz?

(c) Find the frequency of the note: (i) 3 octaves above “Middle C” and (ii) 1 octave below
“Middle C.”

(d) There are 12 different notes in an octave. They are equally spaced on the logarithmic scale.
Find the ratio of frequencies between two adjacent notes.

Solution

(a) Middle Cis neither above nor below itself, so n is 0, which is 0 octaves from itself.

. . . f
Plugging in n =0 in equation: 0~3.322log| ——
geing a g(261.6

= Iog( f )z 0
261.6

f
261.6

= ~10° =1 the definition of common logarithm

— f~261.6 Hz.

784
(b) Plugging in f = 784 in the equation gives 3.322I0g(261 6) ~3.322xlog3~1.58 octaves.

(c) (i) Since a note that is considered 1 octave higher than another has double the frequency, a
note that is 3 octaves above “Middle C” should have a frequency that is multiplied by 2, three
times over. The frequency of the note 3 octaves above “Middle C” is 261.6x2x2x2~2093
Hz.

(ii) A note that is 1 octave below “Middle C,” implies that the frequency of “Middle C” is 1
octave higher than that note, clearly indicating that the note's frequency is half that of

“Middle C.” The frequency of the note 1 octave below “Middle C” is

6




261.6 ~130.8 Hz.

fx2=2616=f=

(d) Given that there are 12 notes in an octave, the note neighboring “Middle C” is EOf an

. . . 1. . .
octave higher or lower than it. So, we can substitute n :E in the equation to determine the

frequency of the note that is next to Middle C:
1 neighbor

_:3_322|0gf&

12 261.6

= |ogM =0.025
261.6

— Jragrer _ 3003 1 g5
261.6

= froignoor = 261.6%1.059 = 277.0 Hz.

This results in the ratio of frequencies between two adjacent'® notes is

277.0 ~1.06
261.1

f MiddleC __

f neighbor
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