Appendix A
Scientific Notation and Powers of Ten Calculations

A.1 Scientific Notation

Often the quantities used in chemistry problems will be very large or very small
numbers. It is much more convenient to express such quantities in scientific notation
rather than in decimal form. A quantity written in scientific notation is expressed as a
number between 1 and 10 multiplied by the appropriate power of ten (10 raised to some
exponent).

It is a relatively simple matter to convert between a decimal form and scientific
notation. This procedure is illustrated in Examples A.1 and A.2.

Example A.1

Problem

Express 235 in proper scientific notation.

Solution

First express the original quantity as a number between 1 and 10.

235 = 235

Then multiply by the appropriate power of ten. This is determined by noting how
many places, and in which direction, the decimal point was moved in the first step.
Notice that we moved the decimal point 2 places to the left. In doing so, the original
quantity has been reduced by 2 powers of ten (235 = 2.35). In order to restore the
quantity to its original value you must multiply by 2 powers of ten; that is, 10

235 = 2.35x10°
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Example A.2

Problem

Express 0.006994 in proper scientific notation.

Solution

First express the original quantity as a number between 1 and 10.

0.006994 = 6.994

Then multiply by the appropriate power of ten. This is determined by noting how
many places, and in which direction, the decimal point was moved in the first step.
Notice that we moved the decimal point 3 places to the right. This means that the
power of ten to use is 3. However, since the decimal point was moved to the right,
thereby making the number larger, the power of ten must be negative so that you are
multiplying by a value smaller than 1; that is, 10,

0.006994 = 6.994 x 10

In summary, for a starting quantity greater than one, move the decimal point to
the left until you form a number between 1 and 10 and multiply by 10 raised to the
number of places the decimal point was moved. For a starting quantity less than one,
move the decimal point to the right until you form a number between 1 and 10 and
multiply by 10 raised to the negative of the number of places the decimal point was
moved.
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Examples A.3 and A.4 illustrate how to convert between scientific notation and

decimal notation.

Example A.3

Problem

Express 5.1 x 10”° in decimal notation.
Solution

Since the power of ten is a negative value, the number is less than one. Move the
decimal point 5 places to the left using zeros to fill in four of the needed places.

5.1x10° = 0.000051

Example A.4

Problem

Express 6.49 x 10% in decimal notation.

Solution

Since the power of ten is a positive value, the number is greater than one. Move the
decimal point 2 places to the right.

6.49 x 10> = 649.

A3



A.4  APPENDIXA SCIENTIFIC NOTATION AND POWERS OF TEN CALCULATIONS

A.2 Calculations Involving Powers of Ten

When multiplying powers of ten, the exponent for the product is the sum of the
exponents in all of the factors. In general, (A x 10) - (B x 10") = A-B x 10*?. This is
illustrated in Example A.5.

Example A.5

Problem
Calculate (3.0 x 10%) x (2.5 x 10).
Solution

(3.0 x 10 x (2.5 x 10?) = (3.0 x 2.5) x 102 = 7.5 x 10?

When dividing powers of ten, the exponent of the quotient is the

difference between the exponent in the numerator and the exponent in the denominator.
x10* A

= —x10*"Y. This s illustrated in Example A.6.

In general, ——
Bx10* B

Example A.6

Problem

9.6x10°

Calculate -
0x10

Solution

3
20x10°_ 95,10+ = 48x10°
2.0x10° ~ 20
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When adding or subtracting numbers with a power of ten, the powers of ten
exponents must be the same. The largest exponent is usually the most convenient one to
duplicate. This process is illustrated in Example A.7.

Example A.7
Problem
Calculate (4.19 x 10%) + (2.3 x 10Y).

Solution

First covert 2.3 x 10* into a number having a power of ten exponent equal to 2. This
requires increasing the exponent by one unit (making a tenfold increase in the power

of ten) so the decimal number must be decreased tenfold.
2.3x10' = 0.23 x 10?
Then add the decimal numbers and use the common power of ten.

4.19 x 102
+ 0.23 x 10

4.42 x 10°
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Check for Understanding A.1
1. Write each of the following numbers in proper scientific notation.
a) 6688 b) 0.0711 c) 406 x 108

Write each of the following numbers in decimal form.

a) 5.34 x 10 b) 2.799 x 102

Calculate each of the following. Do not use a calculator. Express each
answer in proper scientific notation.

a) (3.3x102)(2.0 x 10°) = b) (8.6 x 10?) = (4.3 x 10°) =

c) (1.242x 10" + (6.1 x 10" + (5x 10?) =

Answers to Check for Understanding A.1 Problems


http://www.csun.edu/~hcchm003/100/appAanswers.pdf

