2                                      Digital Electronics

Binary system:

The most familiar system is the decimal system, whose digits are (0, 1, 2, 3, 4,……, 9). In the Binary system we have only two digits represent the system (0, 1).

Now if we have number greater than (1) in the Binary system number? How should we represent it?

In the decimal system number after reaching (9) we can use two decimal digits to get (10), in the binary number system after reaching (1) which is the greater number in the system we get (10).

To distinguish between decimal number system and binary system we use a subscript to indicate the base so: 

110+110=210

12+12=102

 Binary addition:

In the decimal number system                                2+4 =6                  
What are the rules for binary addition? We need to discuss four simple cases:
0+0=0

0+1=1

1+0=1

1+1=10
To add larger binary numbers, carry into higher order columns as down with decimal numbers. As an example, add 10 to 10 as follows:

  10+10= 100
As another example take                    1 + 1 + 1 = (1+ 1) + 1 = 10 + 1 = 11
And                                   1+1+1+1 = (1 + 1) + 1 + 1 = 10 + 1 + 1 = 11 + 1 = 100

Example: Add 1010 to 1011?
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Examples for the students: Add:

111001 + 110011 + 100001

101100 + 101100  + 111110

111100 + 101010 + 101110

Binary to decimal conversion:

How do you convert a binary number into its decimal counterpart? For instance, what decimal number does binary number 1010011 stand for? We can express any decimal integer in units, decimal, hundreds, and So on. For example the decimal number 2945 decomposes into:

2945=2000+900+40+5

In powers of 10, this becomes:

2945=2(10)3+9(10)2+4(10)1+5(10)0

In a similar way we can partition any binary number into simpler parts; as example binary number 111 becomes:

111=100+10+1

When we convert this to its decimal counterpart we get:

111 = 100 + 10 + 1      binary
7   =    4   +   2 + 1     decimal

Breaking a binary number into parts is equivalent to splitting its decimal equivalent into units, twos, fours, and so on.

The digits positions of a binary number have the following decimal weights:

1...2...4...8...16...32….etc.

As a matter of fact, these numbers are in ascending power of 2:

20…21…22…23…24… etc.

The important point of the weight is this: whenever you look at binary number you can find its decimal equivalent as follows:
1. When there is a 1 in a digit position, add the weight of that position.

2. When there is a 0 in a digit position, disregard the weight of that position.

For example binary number 101 has a decimal equivalent of:

4 + 0 + 1 = 5

As another example binary number 1011 is equivalent to 

8 + 0 + 2 + 1 = 11

We can streamline binary to decimal conversion by the following procedure:

1. Write the binary number.

2. Directly under the binary number write 1, 2, 4, 8, 16… working from right to left.

3. If a zero appears in a digit position cross out the decimal weight for that position.

4. Add the remaining weight to get the decimal equivalent.

How does binary fraction converted into corresponding decimal equivalent?

For instance what is the decimal equivalent of 0.101? In this case the weights of digit position to the right of the binary point are given by:

etc...16, 8,4,2,1. ½ , ¼ …etc

Or in power of 2:

 etc,24,23,22,21,20. 2-1, 2-2, 2-3, etc.

Therefore 0.101 has decimal equivalent of:

                            0.  1      0      1

                            0. 1/2  1/4   1/8   = 0.5 + 0 + 0.125 = 0.625

Examples: covert the following binary numbers to its decimal equivalents numbers.  
110.001, 11001.0001, 101010, 1.000001

Decimal to Binary conversion:
How do you convert a decimal number into its binary counterpart? 

There is a popular way to convert decimal numbers to its binary counterpart, it is known as (double-double) method. For instance to convert 9 to a binary number by this method follow:
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The binary number equivalent to decimal (9) is: 1001
Example: convert the decimal (137) to its binary equivalent:
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The binary number equivalent to decimal (137) is: 10001001
To convert fraction (0.85) from decimal to binary following procedure:
[image: image4.png]085x2=1.7=0.7 with a carry of 1
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Taking the carrier in forward order gives binary fraction (0.110110), In this case we stopped the process after getting six binary digits.
