APPENDIX B
ScIeNTIFIC NOTATION

Numbers expressed in scientific notation have the following form:
/Exponent, a positive or negative integer
ax 10P
Coefficient Exponential term
bl

a number with 1 nonzero digit
to the left of the decimal point

For example, there are about 5.5 X 102! carbon atoms in a 0.55 carat diamond. In the
number 5.5 X 102!, 5.5 is the coefficient, 10%! is the exponential term, and 21 is the
exponent. The coefficient, which should have just one nonzero digit to the left of the
decimal point, reflects the number’s uncertainty. It is common to assume that numbers
are plus or minus one in the last position reported unless otherwise stated. Using this
guideline, 5.5 x 102! carbon atoms in a 0.55 carat diamond suggests that there are
from 5.4 x 102! to 5.6 x 102! carbon atoms in the stone.

The exponential term shows the size of the number. Positive exponents are used for
large numbers, and negative exponents are used for small numbers. For example, the
moon orbits the sun at 2.2 X 104 or 22,000 mi/hr.

22%x104=222%x10%x10x10x 10 = 22,000
A red blood cell has a diameter of about 5.6 X 1074 or 0.00056 inches.

5.6x 1074 = 5.6 % 14 - 56 = 0.00056
10 10X 10X 10 X 10

Use the following steps to convert from a decimal number to scientific notation.

m  Shift the decimal point until there is one nonzero number to the left of the decimal
point, counting the number of positions the decimal point moves.

m  Write the resulting coeflicient times an exponential term in which the exponent is
positive if the decimal point was moved to the left and negative if the decimal posi-
tion was moved to the right. The number in the exponent is equal to the number
of positions the decimal point was shifted.

For example, when 22,000 is converted to scientific notation, the decimal point is

shifted four positions to the left so the exponential term has an exponent of 4.

22.000 = 2.2x 104
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When 0.00056 is converted to scientific notation, the decimal point is shifted four
positions to the right so the exponential term has an exponent of —4.

5.6x 1074 = 0.00056
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To convert from scientific notation to a decimal number, shift the decimal point in
the coefhicient to the right if the exponent is positive and to the left if it is negative. The
number in the exponent tells you the number of positions to shift the decimal point.
For example, when 2.2 x 104 is converted to a decimal number, the decimal point is
shifted four positions to the right because the exponent is 4.

2.2 % 10% goes to 22,000



When 5.6 x 1074 is converted to a decimal number, the decimal point is shifted four
p
positions to the left because the exponent is —4.

5.6 X 107 goes to 0.00056

There are two reasons for using scientific notation. The first is for conve-
nience. It takes a lot less time and space to report the mass of an electron as
9.1096 X 10728, rather than 0.00000000000000000000000000091096 g. The sec-
ond reason is to more clearly report the uncertainty of a value. For example, a typical
peanut butter sandwich provides our bodies about 1.4 x 103 kJ of energy. Because of
the variation in the type and amount of peanut butter added to the sandwich, there’s
some variation in the energy provided. The value 1.4 X 103 kJ suggests that the energy
from a typical peanut butter sandwich could range from 1.3 x 10% k] to 1.5 x 103 kJ.
If the value is reported as 1400 kJ, its uncertainty would not be so clear. It could be
1400 £ 1, 1400 £ 10, or 1400 % 100.

When multiplying exponential terms, add exponents.

103-10° =103t = 10
103- 1076 = 103t0) = 1073
32%x1074-1.5%x109=3.2-1.5x 10749 = 4.8 x 10°

When dividing exponential terms, subtract exponents.

12
110? - 10123 = 10°
11853 _ 106—(—3) - 10°

9.0x 10! 9.0

e 10% "~ 15 x 10116 = 6.0 x 107
DX B .

102- 107 _ 1 02+3)-6 _ 197

10°
4 5 D 4.
1.5x10*- 4.0 x 10 _ 1.5-4.0 X 1045-12-3 _ 3. 0x 106
2.0x10!2.103 2.0

When raising exponential terms to a power, multiply exponents.
(104)3 - 1043 = 1012
(3% 10°)%=(3)2x(10°)%=9x 1010
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