Powers of 10 

Powers
Perhaps you’ve heard someone say something like, “Four raised to the third power.” It would be expressed like this:
43
The numeral 4 is called the base. The numeral 3 is called the exponent.

Four, raised to the third power, means:  4 X 4 X 4 and equals 64. We could say it like this. The exponent tells us how many times the base is used as a factor (factors are terms that are multiplied). 

If some value is ‘squared,’ then that value is raised to the 2nd power. If a value is ‘cubed,’ it is raised to the 3rd power. Therefore, three cubed is 3 X 3 X 3 and seven squared is 7 X 7.

Check your understanding
25 = ________	a. 2 X 5	b. 5 X 5 	c. 2 X 2 X 2 X 2 X 2

Since 2 is the base, and it is used as a factor, 5 times; ‘c’ is the correct choice.
When the base is 10, the positive exponent and the number of zeros is the same. Look at 10 to the 6th power:

106 is a 1, followed by 6 zeros:  1,000,000.

Where the base is ten and the exponent is negative, then the exponent is the same as the number of decimal places. Therefore, 10 -6 would be expressed as a decimal point followed by five zeros and a 1.

10 -6 is .000001

Significant Figures
A significant figure, to a man, might be a woman with a great shape or a salary of six ore more digits. To a woman, it might mean a ‘hunk’ or a loss of 15 pounds. In mathematics, however, the meaning is altogether different.
When we see a number in print or hear a number spoken, we usually perceive it is an exact number, depending of course, on the circumstances. For example, if someone said there were 47 thousand people at the game, we would understand that to be an approximation. If we were told that the pressure in the tank was 25.3 psi, we would think that it was at least 25.25 psi or as much as 25.34 psi. 

A measurement is always an approximation.

The figures which show the accuracy of a measure, are called significant digits.

1. All nonzero digits are significant. There are five significant digits in 37,542.

2. The zero(s) between a decimal point and the next nonzero digit, are not significant. The number .00037 has two significant digits. The zeros are not significant.

3. Zeros between significant digits are significant. In the number .1005, the zeros are significant. This number has four significant digits. 

4. Digits following significant digits in a whole number are significant.   300,000 has six significant digits.

5. Zeros at the end of a decimal number are significant. The number 20.10300 has seven significant digits.

6. A zero in front of a decimal point is not significant. The first zero is not significant in 0.025. This value has two significant digits.




Rounding
The first step in rounding (expressing an approximate value) is to locate the place value to which the number is to be rounded, as in “Round to the nearest hundredth.” After finding the place value, look at the digit on the right of that place value. If the digit is “5 or more,” add “1” to the digit in the located place value. If the number on the right is “not 5 or more,” the number in the indicated place value stays as it was. If the original number was a decimal, digits on the right are dropped. 

Example 1:  Round 0.000483 to the nearest ten-thousandth.

The “4” is in the ten-thousandth place. The digit on the right is 8. Since it is 5 or greater, “1” is added to the digit on the left (4), making it a “5.” The rounded number is now 0.0005. Digits on the right are dropped. The number is closer to 0.0005 that it is to 0.0004. The number has been rounded up.
 
When a decimal number is rounded off, zeros are
not added on the end in place of the dropped digits.
With whole numbers, the dropped digits are replaced with zeros to keep the remaining numbers in their correct place value locations.

Example 2.  Round 642,935 to the nearest ten-thousand.

The “4” is in the ten-thousand place. The digit on the right is “2.” Because it is not 5 or greater, the digit on the left remains the same and the dropped digits become zeros. The rounded number is now 640,000. The given number is closer to 640,000 than it is to 650,000. It has been rounded down by 2 935.

When a whole number is rounded off, zeros replace the dropped digits
to hold the remaining digits in their proper place value location

Round off 87,654 to the nearest thousand:  88,000
The first digit in the part removed is 5 or more, so we round up the digit on the left. It is closer to 88,000 than it is to 87,000.

Round off 87,654 to the nearest hundred:  87,700
The first digit in the part removed is 5 or more, so we round up the digit on the left and two zeros were appended to hold the changed digit in the hundreds place. It is closer to 87,700 than it is to 87,600.

Round off 87,654 to the nearest ten:  87,650
The first digit in the part removed is 4 or less, so the number on the left remains the same, and a zero is appended to hold the 5 in the tens place.

Check your understanding
Round 3.075148 9 to the ten-thousandth place.
a. 3.0751	b. 3.0752000	c. 3.0752	d. 3.07515

The digit in the ten-thousandth place is 1. The next digit is a 4. Because the digit on the right is not 5 or more, the 1 remains, all digits to the right are dropped. No zeros are appended. ‘a’ is the correct choice. 

Scientific Notation
A number is in scientific if it is expressed as a value x where
followed by 10 raised to some power.

How does one take a standard number and change it into scientific notation?
1. move the decimal point to the right of the first nonzero digit.
2. multiply by 10. The exponent is equal to the number of places the decimal point was moved. If the decimal point was moved to the right, the exponent is negative. If the decimal point was moved to the left, the exponent is positive.

Write 135,000,000 in scientific notation. 	Ans:  1.35 X 108

Every whole number has a decimal point at the right end of the number, whether or not it is shown. Since the decimal was moved 8 places to the left, the exponent is 8.

Write 0.0000008397 in scientific notation.   Ans:  8.397 X 10-7
	
	The decimal point was moved 7 places to the right, so the exponent is -7.

To determine the scientific notation of a number using the TI-30 calculator:  enter the value, then press the 2nd function key followed by the “5” key (it has SCI in yellow above it). The display will show the value and the exponent. What it does not show, is that the exponent base is 10. For example, 8.39 - 07 in the display means 8.39 x 10 – 7.

Engineering Notation
Engineering notation is similar to scientific notation, but the exponents are always multiples of 3, such as 103, 106, 109, 10-3, etc. The prefix number may be between 0.1 and 1 000 times the power of ten. 

Write 0.0000008397 in engineering notation.  Ans:  839.7 X 10-9
If we were discussing voltage, we would say:  839.7nV (nano volts). 

To determine the engineering notation of a number using the TI-30 calculator:  enter the value, then press the 2nd function key. The display will show the value and the exponent. What it does not show, is that the exponent base is 10. For example, a display of 839 09 is 839 x 109.
To change from scientific or engineering notation using the calculator, enter the value such as 8.39, then the times key, then 10, then the “yx” key, then the exponent. If the exponent is negative, after you enter it, press the “+ -“ key to make it negative, then press the “=” key. The display will show the standard numeral.

The table on page 97 indicates the proper prefix for the powers of 10.

Write 54,630 ohms in engineering notation. 	Ans. 54.63 kΩ





Multiplying and Dividing With Powers of 10

10x X 10y = 10x+y

With the operation of multiplication when the bases are the same, the exponents are added.

103 X 10-5 = 103+(-5) = 10-2

When the operation is division and the bases are the same, the exponents are subtracted, denominator from numerator.





To find the reciprocal of a number using the TI-30 calculator, enter the value, then push the 1/x key.
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