1. NUMBER SYSTEMS

The base or radix of a number system specifies the number of symbols available in that system. A number system based on the letters of the alphabet, for example, would have a radix of 26. The decimal system has a radix of ten because it employs ten symbols: 0 through 9. Eight symbols (0, 1, 2, 3, 4, 5, 6, and 7) are employed in the octal system, and the binarv system has only two symbols (0 and 1).

In the decimal system, digits to the left of the decimal point represent ones, tens, hundreds, thousands, etc. These positional values or weights can be expressed as powers of ten: 100, 101, 102, 103, etc. Digits to the right of the decimal point represent tenths, hundredths, thousandths, etc. and therefore have positional values of 10-1, 10-2, 10-3, etc. The decimal number 952.68 therefore represents:

9(102) + 5(101) + 2(100) + 6(10-1) + 8(10-2)

The positional values of the octal system are powers of eight. Octal number 374.67 therefore represents:

3 (82) + 7 (81) + 4 (80) + 6 (8-1) + 7 (8-2)

Assignment: Answer the following questions. Place answers in the spaces provided.

1.  In the octal system, what is the positional value of the fifth digit to the left of the octal point?

2.  In the quinary system (radix = 5), what is the weight of the second digit to the right of the point?

3.  In a number system based on the letters of the English alphabet, what is the weight of the third digit to the left of the point?

4.  Which of the following represents the larger quantity: decimal number 12 or octal number 15?

5.  A trinary number system employs three symbols (0, 1, and 2). Which represents the larger quantity: trinary number 222 or decimal number 25?

2.  COUNTING

In a number system of any radix, counting is accomplished by advancing the least significant digit one unit at a time. In a number system based on the letters of the alpha- bet, for example, counting progresses as follows:


aaa 


aab 


aac 


aad 


aae

When the digit being advanced has reached the last available symbol, it next returns to the first symbol. and the digit to its left advances one unit. Thus, in the alphabetic number system, aaz is followed by aba as shown below:

aax

aay 

aaz 

aba 

abb 

abc

Counting proceeds in a similar manner in all orderly number systems. When it is not obvious from the context, subscripts are employed to designate the radix of the system in which a quantity is expressed. For example, 1012 and 61738. are binary and octal numbers respectively.

Assignment: Answer the following questions. Place answers in the spaces provided.

1.  In the alphabetic counting system, what number follows azz?

2. In the alphabetic system, what number follows azzz?

3.  In the octal system, what number follows 0778?

4.  In the binary counting system, what number follows 012?

5.  What number follows 1 1 1 1 1 2
3.  OCTAL-TO-DECIMAL CONVERSION BY POSITIONAL VALUES

Numbers expressed in the octal system can be converted to the decimal system by multiplying the positional values (powers of 8) by the corresponding octal digits, and then adding as shown below.

Example: Convert 24178 to N.,..

24178 = 2 (83) + 4 (82) + 1 (81) + 7 (80) 

= 2(512) + 4(64) + 1(8) + 7(1) 

= 1024 + 256 + 8 + 7

= 1295

Therefore 24178 = 129510.

Assignment: Using the method of positional values, convert the following octal numbers to their decimal equivalents. Place the answers in the spaces provided.

_______1.  100078                             ________6.   268
_______2.  1008                     

__________7.   648
_______3.  12348                    
________8.   5518
_______4.  7778                     

________9.   628
_______5.  41318            
 
_______10.   45.58

6.  BINARY-TO-DECIMAL CONVERSION BY POSITIONAL VALUES
In the binary numbering system, the positional values are the powers of 2, e.g., 20, 21, 22, 23, 24, etc.. These values are listed below.

20 = 1


21 = 2

22 = 4

23 = 8

24 = 16

25 = 32

26 = 64

27 = 128

28 = 256

29 = 512

210 = 1024


Numbers expressed in the binary system can be converted to the decimal system by adding the positional values (powers of 2) corresponding to the bits (digits) of the binary number.

Example: Convert 101102 to N10.

1 0 1 1 0 = 1 (24) + 0 (23) + 1 (22) + 1 (21) + 0 (20)

= 1(16) + 0(8) + 1(4) + 1(2) + 0(1)

= 16 + 4 + 2

= 22

Therefore 101102 = 2210

This procedure may be used in reverse to convert from decimal to binary. The procedure is as follows: Subtract from the decimal number the largest power of 2 it contains, then subtract from the remainder the largest power of 2 it contains, etc. Continue until the remainder has been reduced to zero. The powers of 2 which have thus been subtracted indicate the positions of the 1's of the binary equivalent.

Example: Convert 7510 to its binary equivalent.

75 - 26 = 75 – 64 = 11 

11 - 23 = 11 - 8 = 3

3-21 = 3 – 2 = 1

1-20 = 1 - 1 = 0

Therefore, 7510 = 26 + 23 + 21 + 20 = 10010112.

Assignment:  Perform the following conversions

1. 1012 = N10
2. 110012 = N10
3. 11112 = N10
4. 100111102 = N10
5. 101012 = N10
6. 1011012 = N10
7. 111111102 = N10
8. 10010 = N2
9. 22510 = N2
10. 12910 = N2
8. DECIMAL-TO-BINARY CONVERSION BY REMAINDER METHOD

A number expressed in the decimal system can be converted to binary by successive divisions by 2. The remainder of each division is retained as a bit of the binary number, with the first remainder as the least significant bit.

Example: Convert 3910 to N2

39/2 = 19 and remainder of 1

19/2 =   9 and remainder of 1

  9/2 =   4 and remainder of 1
  4/2 =   2 and remainder of 0

  2/2  =  1 and remainder of 0
  ½  = 0 and remainder of 1
Therefore, 3910  = 1001112
Assignment: Using the remainder method, convert the following decimal system numbers to their binary equivalents. Place the answers in the spaces provided.

1.   25 

2.   54  

3.   432                                    

4.   69                                     

5.   128  

6.   525  

7.   274

8.   633

9.   1024

10.   12008

 10. BINARY-TO-DECIMAL CONVERSION BY

DOUBLE-DABBLE METHOD
A method of converting binary numbers to decimal equivalents (referred to as the double-dabble or double-dibble method) is performed as follows. Write a 1 over the 1 farthest left in the binary number to be converted. Moving to the right, write a number over each bit according to this rule: if writing over a 0 bit, double the preceding number; if writing over a 1 bit, double the preceding number and add 1. The number writ ten over the bit farthest right (the 20 position) is the decimal equivalent being sought.

Example: Convert 10001012 to N10

1
2
4
8
17
34
69

1
0
0
0
1
0
1

Therefore, 10001012 = 6910

Assignment: Using the double-dabble method, convert the following binary numbers to decimal equivalents. Place answers in the spaces provided.

_____1.
100001


__________
6.
101101101

_____2.
11011



__________
7.
10011

_____3.
111111


__________
8.
11110000

_____4.
1010101010


__________
9.
100100

_____5.
1000



__________
10.
1110011100

