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2.2: Scientific Notation

Astronomers are accustomed to really big numbers. While the moon is only 406,697 km from earth at its maximum distance, the
sun is much further away (150 million km). Proxima Centauri, the star nearest the earth, is 39,900,000,000,000 km away — and this
is just the start of long distances. On the other end of the scale, some biologists deal with very small numbers: a typical fungus
could be as small as 30 micrometers (0.000030 meters) in length and a virus might only be 0.03 micrometers (0.00000003 meters)
long.

Figure 2.2.1: The sun. (NASA/SDO (AIA), Public domain, via Wikimedia Commons)

A system called scientific notation avoids much of the tedium and awkwardness of dealing with numbers that are very large or
very small. Consider the numbers 1,000,000, 3,000,000, and 6,700,000:

Number Also Meaning Scientific Notation
1,000,000 1 x 1,000,000 1x10x 10 x 10 x 10 x 10 x 10 1 x 108
3,000,000 3 x 1,000,000 3x10x10x 10x 10 x 10 x 10 3 x 108
6,700,000 6.7 x 1,000,000 6.7x 10 x 10 x 10 x 10 x 10 x 10 6.7 x 106

Likewise, consider the numbers 0.000001, 0.000003, and 0.0000067:

Number Also Meaning Scientific Notation
0-000001 m 10><10><101<10><10><10 L0
0-000003 m 5105 102105 10516 3107
0.0000067 1,0+0T000 ATl 67107

As we can see,

¢ Really large numbers have positive exponents.
¢ Really small numbers have negative exponents.

Therefore, you should identify 6.022 x 1023 atoms as a very large number of atoms and 9.11 x 10731 kg as a very small mass.
In scientific notation, numbers are expressed in the form

N x 107 (2.2.1)
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where N is greater than or equal to 1 and less than 10 (1 < N < 10), and z is an integer value.

To convert a quantity to scientific notation, count the number of places required to move the decimal point to yield a number, N,
between 1 and 10. The exponent, z, is equal to the number of places that the decimal was moved, and will be positive integer value
if the quantity is large (>1) and negative integer value if the quantity is small (<1).

To convert a quantity from scientific notation to decimal notation (without scientific notation), move the decimal the number of
places indicated by the exponent in the direction that makes either a really large number (when z is positive) or a really small
number (when z is negative).

4 Example 2.2.1

If the given quantity is in decimal notation, convert it to scientific notation. If the given quantity is in scientific notation, convert
it to decimal notation.

A.8.62x 107

B. 92,300,000

C. 4.2 x 10"

D. 0.000049

Solution

Explanation Answer

8.62 x 107° is a really small number since
z is negative. Move the decimal 6 places
A to make a really small number. Fill in the 0.00000862
spaces with zeros.
8.62x10°° = 0.00000862

92,300,000 is a really large number, so the
exponent will be positive. Move the
B decimal 7 places to make a number 9.23 x 107
between 1 and 10.
92,300,000 =92,300,000

——— e

4.2 x 10 is a really large number since =
is positive. Move the decimal 10 places to
C make a really large number. Fill in the 42,000,000,000
spaces with zeros.
4.2x 10" =42,000,000,000

0.000049 is a really small number, so the
exponent will be negative. Move the
D decimal 5 places to make a number 4.9 x 107
between 1 and 10.
0.000049 = 0.000049
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. Exercise 2.2.1

If the given quantity is in decimal notation, convert it to scientific notation. If the given quantity is in scientific notation, convert
it to decimal notation.

A. 0.00505
B.1.7x 1078
C. 3.33 x 10°
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D. 860,000,000,000

Answer A
5.05 % 1073

Answer B
0.000000017

Answer C
333,000

Answer D
8.6 x 10!
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