1-3 HEXADECIMAL Numbers

The hexadecimal number system has a radix of 16. It is referred to as the h e 16 rtirnibvr sysiern.

It uses the symbols 0-9, A, B, C. D. E, and F as shown in thc hexadecinial coluniri of the table in Fig.1-7. The letter A stands for a count of 10. B for 11, C for 12, D for 13, E for 14, and F for 15. Thc advantage of the hexadecimal system is its usefulness in converting dircctly from a 4-bit binary numbcr. Notc in thc shaded section of Fig. 1-7 that each 4-bit binary nunibcr froni oo(K) to 11 11 can be represented by a unique hexadecimal digit.
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Fig. 1-7 Counting in decimals. Binary, and hexadecimals numbs systems

Look at the linc labcled 16 in the decimal column in Fig. 1-7. 'Ihe hexadecimal cquivalent is 10.

This shows that thc hcxadccimal number system uses the placc-value idea. The 1 (in 10J stands for

16 units, whilc thc 0 stands for zcro units.

Convert the hexadecimal number 2Bb into a decimal numbcr. Figure 1-80 shows the familiar

process. The 2 is in the 256s placc so 2 x 256 = 512. which is written in the decimal line. The

hexadecimal digit B appcars in thc 16s column. Notc in Fig. 1-8 that hexadecinial B corresponds

to decimal 11. This means that there are clcvcn 16s (16 X 1 1 1, yiclding 176. I'hc 176 is added into the decimal total near the bottom in Fig. 1-8a. Thc 1s column shows six Is. Thc 6 is added into the dccimal line. The decimal values arc added (512 + 176 + 6 = 694). yiclding 694,(,. Figurc 1-0a shows that 286,, equals 694,,,.
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Convert the hexadecimal number A3F.C to its decimal equivalent. Figure 1-8b details this

problem. First consider the 256s column. The hexadecimal digit ,4 means that 256 must be multiplied by 10, resulting in a product of 2560. The hexadecimal number shows that it contains three 16s, and therefore 16 x 3 = 48, which is added to the decimal line. The 1s column contains the hexadecimal digit F, which means 1 X 15 = 15. The 15 is added to the decimal line. The 0.0625s column contains the hexadecimal digit C, which means 12 X 0.0625 = 0.75. The 0.75 is added to the decimal line.

Adding the contents of the decimal line (2560 + 48 -t 15 + 0.75 = 2623.75) gives the decimal number 2623.75. Figure 1-8h converts A3F.C 16 to 2623.75,,,.

Now reverse the process and convert the decimal number 45 to its hexadecimal equivalent. Figure

1-9a details the familiar repeated divide-by-16 process. The decimal number 45 is first divided by 16,

resulting in a quotient of 2 with a remainder of 13. The remainder of 13 (D in hexadecimal) becomes

the LSD of the hexadecimal number. The quotient (2) is transferred to the dividend position and

divided by 16. This results in a quotient of 0 with a remainder of 2. The 2 becomes the next digit in the
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hexadecimal number. The process is complete because the integer part of the quotient is 0. The

process in Fig. 1-9a converts the decimal number 45 to the hexadecimal number 2D.

Convert the decimal number 250.25 to a hexadecimal number. The conversion must be done by

using two processes as shown in Fig. 1-9b. The integer part of the decimal number (250) is converted

to hexadecimal by using the repeated divide-by-16 process. The remainders of 10 (A in hexadecimal)

and 15 (F in hexadecimal) form the hexadecimal whole number FA. The fractional part of the 250.25

is multiplied by 16 (0.25 X 16). The result is 4.00. The integer 4 is transferred to the position shown in

Fig. 1-9b. The completed conversion shows the decimal number 250.25 equaling the hexadecimal

number FA.4. The prime advantage of the hexadecimal system is its easy conversion to binary. Figure 1-10a shows the hexadecimal number 3B9 being converted to binary. Note that each hexadecimal digit forms a group of four binary digits, or bits. The groups of bits are then combined to form the binary number.

In this case 3B9,, equals 1110111001,.
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Another hexadecimal-to-binary conversion is detailed in Fig. 1-106. Again each hexadecimal digit

forms a 4-bit group in the binary number. The hexadecimal point is dropped straight down to form the

binary point. The hexadecimal number 47.FE is converted to the binary number 1000111.1111111. It is apparent that hexadecimal numbers, because of their compactness, are much easier to write down

than the long strings of 1s and OS in binary. The hexadecimal system can be thought of as a shorthand

method of writing binary numbers.

Figure 1-1Oc shows the binary number 101010000101 being converted to hexadecimal. First divide

the binary number into 4-bit groups starting at the binary point. Each group of four bits is then

translated into an equivalent hexadecimal digit. Figure 1-10c shows that binary 101010000101 equals

hexadecimal A85.

Another binary-to-hexadecimal conversion is illustrated in Fig. 1-10d. Here binary 10010.01 101 1 is

to be translated into hexadecimal. First the binary number is divided into groups of four bits, starting

at the binary point. Three OS are added in the leftmost group, forming 0001. Two OS are added to the

rightmost group, forming 1100. Each group now has 4 bits and is translated into a hexadecimal digit as shown in Fig. 1-10d. The binary number 10010.011011 then equals 12.6C,,.

As a practical matter, many modern hand-held calculators perform number base conversions.

Most can convert between decimal, hexadecimal, octal, and binary. These calculators can also perform

arithmetic operations in various bases (such as hexadecimal).

