
Numbers in Various BasesNumbers in Various Bases

Examples:

527.4610 = 5 x 102 + 2 x 101 + 7 x 100 + 4 x 10-1 + 6 x 10-2

527.468 = 5 x 82 + 2 x 81 + 7 x 80 + 4 x 8-1 + 6 x 8-2

527.467 = illegal – why?

Any number N can be represented in any base (r). As:

... a3 a2 a1 a0 . a-1 a-2 …

∴N= ... +a3*r3+a2*r2+a1*r1+a0*r0+a-1*r-1+a-2*r-2+ …

Where “r” is the base (or the radix ) of the number system.



Binary Number Binary Number 
RepresentationRepresentation

In a digital system, values take on only two statesIn a digital system, values take on only two states
–– High/low voltageHigh/low voltage
–– Horizontal/vertical polarizationHorizontal/vertical polarization
–– Up/down spinUp/down spin

–– The choice depends on the technology chosenThe choice depends on the technology chosen
For a number of years high/low voltage has been the most For a number of years high/low voltage has been the most 
commoncommon

This leads to the use of binary number systems This leads to the use of binary number systems 
since a basesince a base--2 number system has only two digits: 2 number system has only two digits: 
{0, 1}{0, 1}
In digital systems, numbers are represented in In digital systems, numbers are represented in 
binary (basebinary (base--2)2)



Binary NumbersBinary Numbers

101011.112 = 1 x 25 + 0 x 24 + 1 x 23 + 0 x 22 + 1 x 21 + 1 x 20 

+ 1 x 2-1 + 1 x 2-2

Convert to Base 10:

= 32  +  0  +  8  +  0  +  2  +  1  +  ½ +  ¼

= 43.7510



octal

binary

Octal NumbersOctal Numbers

Octal Numbers are numbers to the base 8

4728 = 4 x 82 + 7 x 81 + 2 x 80

Convert from Octal to Binary and back

2

010

7

111

4

100



Hexadecimal NumbersHexadecimal Numbers

Hexadecimal Numbers are numbers to the base 16

We need additional symbols to represent digits greater than 9

10 X 162 + 5 X 161 + 14 X 160 = 2560 + 80 + 14 = 265410A5E16 =

FFEEDDCCBBAA99887766554433221100SymbolSymbol

15151414131312121111101099887766554433221100ValueValue



Hexadecimal NumbersHexadecimal Numbers

Conversion from Hexadecimal to Binary

Conversion from Hexadecimal to Octal is similar

A            5            E

1 0 1 0   0 1 0 1   1 1 1 0

5         1          3       6 base 8

E

1110

A

1010

5

0101



Numbers with Different BasesNumbers with Different Bases

1515141413131212111110100909080807070606050504040303020201010000DecimalDecimal

11111111111011101101110111001100101110111010101010011001100010000111011101100110010101010100010000110011001000100001000100000000BinaryBinary

1717161615151414131312121111101007070606050504040303020201010000OctalOctal

FFEEDDCCBBAA99887766554433221100Hex.Hex.

What you observe when we move from higher radix to lower radix?



Base Base rr Conversion Conversion 
To/From DecimalTo/From Decimal

Conversion From Base r To Decimal:

Use the positional notation used in the previous examples to
convert from any base to decimal.

N10= ... +a3*r3+a2*r2+a1*r1+a0*r0+a-1*r-1+a-2*r-2+ …

Conversion From Decimal To Base r :

The number is separated into integer part and a fraction. The
integer is successively divided by the new base, keeping track 
of the remainder, until the quotient is zero. The fraction is 
multiplied by the base, keeping track of the generated integer 
part, until the required accuracy is reached.



ExamplesExamples

2) 101011.112 = 1 x 25 + 0 x 24 + 1 x 23 + 0 x 22 + 1 x 21 + 1 x 20 

+ 1 x 2-1 + 1 x 2-2 = 43.7510

a) Integer Part
0 1 2 5 11 23(/2) 

Remainder 1 0 1 1 1 

b) Fraction Part
0.25 0.5 .0 
. 0 1 Integer part 

∴2310 = 101112

3) 23.2510

∴0.2510 = 0.012

1) 472.258 = 4 x 82 + 7 x 81 + 2 x 80 +2 x 8-1 + 5 x 8-2 = 314.32812510

= 10111.012



Convert from Decimal to Convert from Decimal to 
Binary (Alternate Method)Binary (Alternate Method)

1 0 1 1 1 . 0 12

Convert 23.2510
to Binary

Subtract the
powers of 2:

23.25
- 0

23.25
- 16
7.25
- 0
7.25
- 4
3.25
- 2
1.25
- 1
0.25
- 0
0.25
-0.25

0

0

1

0

1

1

1
.

0

1

25 = 32

24 = 16

23 = 8

22 = 4

21 = 2

20 = 1

2-1 = 0.5

2-2 = 0.25


