Positional Number Systems (Binary, etc.)

Positional number systems use the same symbols for different orders of magnitude.  For instance our conventional system (decimal) uses powers of ten for each position: ones place, tens place, hundreds place, etc. 

History
Many different positional numbering systems have existed over time.  Most have become obsolete or have very specific higher mathematical uses.  The most common positional system in use today is the Hindu–Arabic numeral system  based on powers of ten (base 10).  With the advent of the technological age positional numbering systems like binary (base 2), octal (base 8), and hexadecimal (base 16) have become prevalent in computer/machine processes.

How they work
To see how other positional systems work it is important to understand the decimal system (base 10).  NOTE: In a base 10 system only the digits 0 – 9 are used.  In base 3 only the digits 0 – 3 are used, in base 2 (binary) only the digits 0 &1 are used, etc.  In decimal systems each decimal place is a base of 10. For example:
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In binary systems each place value represents a power of 2.  
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. Simplifying this gets us the more familiar number 
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In octal, the numerals in each place are multiplied by a power of the base, 8. For example:
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.  Simplifying this yield the more familiar number 
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.  You can convert binary to octal by grouping the binary number into groups of 3 because 
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	By grouping binary into groups of 3 you can quickly find octal.  Take the far right column.  In binary it is 
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 for octal.  You simply do this for each grouping of 3 in binary.  


In hexadecimal, the numerals in each place are multiplied by a power of the base, 16. It uses sixteen distinct symbols, most often the symbols 0–9 to represent values zero to nine, and A, B, C, D, E, F to represent values ten to fifteen.  Like converting to octal you can convert binary to hexadecimal by putting the binary number into groups of 4 because 
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Applications
The base 10 (decimal) application is obvious because it is the commonly used system in place today. Binary is a system of 0s and 1s, off and on, or the presence of voltage or no voltage.  Binary is a system that works well with computers because computers use a switching process (off or on) to accomplish tasks.  Binary numbers can get long rather quickly so engineers and computer science people have started using octal and hexadecimal for computer applications as well.  These systems shorten binary by a factor of 3 or 4 respectively.  
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