Scientific Notation

When scientists talk about very large or very small numbers, it gets difficult to name the number (e.g. a one followed by 15 zeros is quadrillion or quintillion?) and it’s painstaking to write them down. So scientists prefer to use a form of exponential notation that has come to be known as scientific notation.  
Scientific notation consists of two parts:

1) a mantissa, which is a number whose absolute value is between 1 and 10 (that is, -10 to -1 and 1 to 10). The mantissa may be a whole number or carry decimal places.

2) a characteristic (commonly called the exponent), which is a whole number exponent of the base 10. It may be positive, negative, or zero.


EXAMPLE: 

32,000,000,000 (Thirty-two billion) = 3.2 x 10 10

	Long-Hand Number
	Scientific Notation

	1000
	1 x 103

	4,200,000,000,000,000,000,000,000
	4.2 x 1024

	-502,000,000,000,000,000
	-5.02 x 1017

	0.0006
	6 x 10 - 4

	0.000 000 000 000 000 000 000 310
	3.10 x 10 - 22

	-0.000 000 000 000 089
	-8.9 x 10 - 14


Notice that numbers with positive exponents are larger than one, and numbers with negative exponents are smaller than one. Often times it is the exponent (characteristic) that is the most meaningful number in scientific notation.

Also see that scientific notation can express both positive and negative numbers. WARNING - Do not confuse the sign on the mantissa  with the sign on the characteristic ! The sign on the mantissa describes the number as positive or negative. The sign on the characteristic describes the number as smaller than or larger than one. 

A Note on Zeros – When converting long-hand numbers to scientific notation, remember these rules for zeros.
1) Trailing zeros before the decimal point should not be written in 

scientific notation. 





EXAMPLE
 34,000 = 3.4 x 104




 

 34,000 ≠ 3.4000 x 104
2) Trailing zeros after the decimal point should be written in scientific notation. 




EXAMPLE 
0.0007700 = 7.700 x 10-4 







0.0007700 ≠ 7.7 x 10-4
3) Leading zeros should not be written in scientific notation. 





EXAMPLE 
0.000 02 = 2 x 10-5






0.000 02 ≠ 00002 x 10-5
4) Captive zeros (zeros between non-zero numbers) should be written in 
scientific notation. 





EXAMPLE 
904,000 = 9.04 x 105






904,000 ≠ 9.4 x 105
PRACTICE 1.3

Convert the following numbers to scientific notation.

a) 17600.0 




   d) 10.2 





b) 0.00135 




   e) -0.000130




c) -67.30




   f) 301.0 





PRACTICE 1.4

Expand the following scientific notation to regular notation.

a) 4.96 x 10-2 



   d) -9.3 x 10-3 




b) 5.50 x 10-4 



   e) 7.01 x 100 




c) -8.37 x 104 



   f) 4.92 x 102 




PRACTICE 1.5

Correct the following incorrect scientific notation.
a) 36.7 x 101 



   d) 851.6 x 10-3 




b) 0.0123 x 104 



   e) -966 x 10-1 




c) -0.015 x 10-3 



   f) 0.047 x 1033 




Doing Math in Scientific Notation
Though you will perform most calculations involving scientific notation on your calculator, it’s important to know how the calculator is getting the answers.

Addition/Subtraction  
1) Rewrite all the numbers in the operation to 






have the same exponent as the number 






with the largest exponent. 







(Use incorrect scientific notation)






2) Add/Subtract the mantissas






3) Rewrite the answer in correct scientific 






notation (if necessary)


EXAMPLES  



(3.44 x 103) + (4.33 x 105)

(0.0344 x 105) + (4.33 x 105)

4.3644 x 105
(2.32 x 10-3) – (4.4 x 10-4)

(2.32 x 10-3) – (0.44 x 10-3)

1.88 x 10-3
Multiplication/Division  
1) Multiply or Divide the mantissas






2) for Multiplication, ADD the exponents






    for Division, SUBTRACT the exponents






3) Rewrite the answer in correct scientific 






notation (if necessary)


EXAMPLES  



(3.44 x 103) x (4.33 x 105)

(3.44 x 4.33) x 10(3+5)
14.9 x 108 = 1.49 x 109
(2.32 x 10-3) ÷ (4.4 x 10-4)

(2.32/4.4) x 10(-3 - -4) 

5.27 x 101
PRACTICE 1.6

Perform the following calculations.

a) (2.1 x 104) + (3.5 x 105) 









b) (5.2 x 10-5) + (-2.69 x 10-4) 








c) (6.0 x 1016) – (1.77 x 1018) 








d) (-4.5 x 10-11) – (1.83 x 10-9) 








e) (8 x 1015) x (6 x 103) 









f) (1.5 x 1026) x (-3.0 x 10-24) 








g) (6 x 10-7) ÷ (3 x 10-15) 









h) (-5.6 x 10-44) ÷ (2.8 x 10-34) 








Now consider performing a longer calculation like,

(5 x 10-5) + (-2 x 10-4) – (1 x 10-3)

(4 x 10-8) x (6 x 103)

Solve this one just like any other mathematical operation by following order of operations (remember PEMDAS?). First solve for the numerator and denominator separately, and then divide through:
(5 x 10-5) + (-2 x 10-4) – (1 x 10-3)

(4 x 10-8) x (6 x 103)

(0.05 x 10-3) + (-0.2 x 10-3) – (1 x 10-3)

(4 x 6) x 10(-8+3)
(-1.15 x 10-3)

(24 x 10-5)

(-1.15 ÷ 24) x 10(-3- -5)
-0.0479 x 102

-4.79 x 100 = -4.79

Note the denominator in the third step is written in incorrect scientific notation. You don’t need to correct scientific notation until you arrive at the final answer.
mantissa





characteristic








