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Often the measurements that scientists make involve values that are either very large or very small. To write numbers with many digits would be time-consuming, so a shorthand system was developed called scientific or exponential notation. By representing values with scientific notation, it is easier to write those values and use them in mathematical calculations.

Part A: Understanding Scientific Notation

A number expressed in scientific notation consists of two parts that can be expressed in the following way: 

B x 10 E

The first part of the equation (B) is called the base, which is a number that is less than ten and greater than or equal to one. The E is the exponent, which is the number that tells you how many spaces to move the decimal point. When the value of the exponent is positive, you move the decimal point to the right for the number of spaces indicated by the exponent. Thus a positive exponent is used to indicate a large number.  When the exponent is negative you to move the decimal point to the left, resulting in a number less than zero.

Examples of scientific notation:

7.23 x 1010 = 72, 300, 000, 000 (move decimal to right 10 places)

4.2 x 105= 420, 000 (move decimal to right 5 places)

9.83 x 10-8 = 0.0000000983 (move the decimal to the left 8 spaces)

1.0 x 10-3= 0.001(move the decimal to the left 3 spaces)

Table 1.  Scientific Notation Showing Changes in powers of ten

	Scientific Notation
	Value

	103
	1000

	102
	100

	101
	10

	100
	1

	10-1
	0.1 or 1/10

	10-2
	0.01 or 1/100

	10-3
	0.001 or 1/1000


Part B: Calculations Using Scientific Notation

Along with making these kinds of numbers easier to write, scientific notation also makes it easier to use these numbers when doing calculations.

Multiplication

When you multiply two different numbers using scientific notation, you multiply their bases, and then you add their exponents.

Multiplication examples:

(1.0 x 103 ) x (3.2 x 105) = 3.2 x 108
(2.1 x 109) x (4.3 x 1012) = 9.03 x 1021
(5.2 x 105) x (1.0 x 10-8) = 5.2 x 10-3

(2.3 x 108) x  (5.8 x 106) = 1.33 x 1015
Recall that the base is a number that is less than ten, so if you multiply 2.3 x 108 times 5.8 x 106 and get 13.34 x 1014 for an answer. In this case, you need to change the base to be less than 10. To do this, you move the decimal point to the left until the number is less than 10 and you add one to the exponent for each space you moved the decimal. For this calculation, the final answer would be

1.334 x 1015.

Division

When you divide numbers using scientific notation, you just divide the bases, and then subtract the exponent of the denominator (the bottom number) from the exponent of the numerator (the top number).

Division Examples:

8.0 x 103

                               = 2.0 x 10-5
4.0 x 108

4.23 x 10-3

                               = 1.32 x 10-12
3.21 x 109

3.8 x 105

                               = 1.7 x 1014
2.2 x 10-9

If you perform a calculation that results in a base less than 1, you need to change the base to be greater than one. For example in this calculation

4.0 x 108

                               = 0.5 x 105
8.0 x 103

In this case, you move the decimal point to the right until the base is greater

than one. You then subtract one from the exponent for each space you moved the decimal. For this example, the answer is 5.0 x 104.
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