Digital Electronics

Lecture-1/Digital Electronics/Unit-4

*Introduction
*Analog & Digital Circuits
*Radix Or Base
*Digital Number System
*Binary Number System
*Octal Number System
*Hexadecimal Number System
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Digital Electronics

* Uses for performing numerical

computations quickly and accurately.

*  Uses Diodes and Transistors as switches to chang
from one voltage level to another.

*  Uses two basic symbols (0 and 1) to
represent information.

* e.g..CD players,Stereos,TVs, Telephones, etc.
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Analog Circuits

voltages and currents vary
continuously throughout some range.

The output could vary through an
infinite no. of possible values .

e.g. Sine wave generators, power
supplies, radio receivers, etc.
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Digital Circuits
* The output voltage can have only
two values or states.

ON or OFF

HIGH or LOW

TRUE Or FALSE

1or o

* e.g. CD players, Stereos, TVs, efc.
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Radix Or Base

The number of digits used in the number

system is called the radix or the base
of the number system.
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Decimal Base = 10
Binary Base = 2
Octal Base = 8

Hexadecimal (Hex) Base =16




Decimal Number System

Base (Radix) 10
Digits 0,1,2,3,4,5,6,7,8,9
€.g. 747510

The magnitude represented by a digit is
decided by the position of the digit within
the number.

1000 100

Boon

For example the digit 7 in the left- most position
of 7475 counts for 7000 and the digit 7 in the
second position from the right counts for 70.

MYcsvtu Notes

www.mycsviunotes.in




Binary Number System

Base (Radix) 2
Digits 0,1
e.g. 11102
=23 4=22 2=21 1=

GO0

The digit 1 in the third position from the
right represents the value 4 and the digit 1
the fourth position from the right represents

the value 8. .
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Octal Number System
Base (Radix) 8

Digits 0,1,2,3,4,5,6,7
e.g. 1623,
512=83 64=82 8=8! 1=

OO0C

The digit 2 in the second position from
the right represents the value 16 and

the digit 1 in the fourth position from
the right represents the value 512.
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Hexadecimal Number System
Base (Radix) 16

Digits 0123456789 I

A, B, C, D EF

€.g. 2F4D 16 2
4096=16> 256=162 16=161 =16°

www.mycsviunotes.in

000 .

The digit F in the third position from

the right represents the value 3840 ang
the digit D in the first position from the
right represents the value 1. .




Binary Arithmetic

Lecture No. -2/Digital Electronics/Unit-4
Topics to be covered

*Binary Addition
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*Binary Complements
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* Binary Subtraction
*Binary Multiplication

*Binary Division




Binary Addition

@ 0 w O
+ O + 1 é
0 1 2
© 1 @ 1
+0 +1

1 /1 0

Carry Bit




Binary Addition Examples

@ 1011 ©) 1010 ¢ 1011
+ 1100 + 100 + 101

10111 1110 10000
@ 101 © 10011001
+ 1001 + 101100

1110 11000101




Binary Complement
(1's Complement) Operation




Two's Complement
The Two's complement of a binary

number is obtained by first
complementing the number and then
adding 1 to the result.

1001110

0110001 €= One’s Complement
= 1

0110010 €= Two’'s Complement




Binary Subtraction
Binary subtraction is implemented by
adding the Two's complement of the
number to be subtracted.

Example
1101\> 1101
-1001 +0111

If there is a carry then it is ighored.
Thus, the answer is 0100.



Binary Multiplication

0 0 .

(b) g

U <1 :
0 0 s

(c) 1 @ 1 >
X 0 X 1 -




Binary Multiplication

Multiplication of multibit binary
numbers involves forming the partial
products, shifting each successive
partial product left one place, then
adding all the partial products.

Example
10101
x 101

1101001




Binary Division
Binary division is performed in the

same manner as with decimal numbers. §
Example 101)1101001( 10101 Quotient [

101
110

100
001

000
010

000
100

100
O




Octal Arithmetic
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Octal Addition

The sum of two octal digits is the
same as their decimal sum, provided
the decimal sum is less than 8. If the
sum is 8 or greater , we subtract 8
from it to obtain the octal digit. A
carry 1 is generated.

MYcsvtu Notes

=
)
Q)
=
(@]
[
3J
=
>
%]
O
>
g
s
=
=




Octal Addition

A
@ 45

0

(c)

i

Carry Bit

5
+ 3
0

by ©
+ 7
15
Carry Bit/
Carry E

11

(d) 256

+ 437

715
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Octal Subtraction

Octal subtraction is the same as that of
decimal subtraction when we subtract a
number less than 8. But if the number is 8
or greater, borrow 1 from next most
significant digit, then convert the octal no
into decimal and then perform the required
operation.
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Octal Subtraction

1 &= Borrow
4 10
(b) g
@ . -
2 1 2
1 == Borrow Bit 1<== Borrow i
© 76 @ 256 :
l - 127 :

07 127




Octal Multiplication

Multiplication of octal numbers is performed by
converting decimal partial products to octal.

Example 15
X 24
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64

32
404




Octal Division

e Octal division is the same as that of

»  Partial product should be converted
into
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Octal Division

(36)g / (B)8 = (6)g
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(36)g / (D)g = (6)s




Octal Division

(60236002), / (675) 4

675 ) 60236002 ( 67452
@)

5156
O

06456
6053

1939 _ (60236002) /

3364 (675)8
4440

4261
1572
1572
0000
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Hexadecimal Arithmetic

MYcsvtu Notes

=
)
Q)
=
(@]
[
3J
=
>
%]
O
>
g
s
=
=




Hexadecimal Addition

The sum of two Hexadecimal digits is
the same as their decimal sum,
provided the decimal sum is less than
16. If the sum is 16 or greater , we
subtract 16 from it to obtain the
hexadecimal digit. A carry 1 is
generated.
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Hexadecimal Addition

15 _C_
© E 11~
+D (d) AC?2
1B + 7/BD
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Hexadecimal Subtraction

Hexadecimal subtraction is the same §E
as that of decimal subtraction when wdle
subtract a number less than 16. If thellg
number is 16 or greater, borrow 1 fronf
next most significant digit.




Hexadecimal Subtraction

1 &= Borrow Bi %

A A2
@ ® -
/ 93
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Hexadecimal Multiplication

Multiplication of hexadecimal numbers is performed by
converting decimal partial products to hexadecimal

Example A
x3
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Hexadecimal Division
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> Hexadecimal division is the same as
that of

»  Partial product should be converted
into
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Hexadecimal Division

(34)16 7/ (4)16 = (D)

MYcsvtu Notes

4)34 (D
34 (52-48=4carry3)
00

| (34)1 / (4)16 = (D)ye




Hexadecimal Division

Convert in Hexadecimal :
(45B)s / (D) 16
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Conversions Between Number systems

Lecture No. -3/Digital Electronics/Unit-4
Topics to be covered

*Binary to Decimal Conversion
*Decimal to Binary Conversion

*Octal to Decimal Conversion
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*Decimal to Octal Conversion
*QOctal to Binary

*Binary to Octal Conversion



Binary to Decimal Conversion

* The Decimal equivalent of the Binary number
is The sum of all its bits multiplied by the
weights of their respective positions.

Binary Number :1 1 O 1 O
Position Weights : 2¢ 23 22 21 20
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Thus,
11010 = (1* 24) + (1*23) + (0* 22) + (1* 21) +(0*29)

16+8+0+2+0
(26)4,




Binary to Decimal Conversion Con

To convert the binary fraction into its
decimal equivalent, we multiply each digit
in the fraction successively by

21 272 23..etc
then add the products.
Binary Number :1 0.1 O 1
Position Weights : 2t 20 21 22 23
Thus,
10.101 = (1% 21) + (0% 20) + (1% 21) + (0% 22) +(1*273)
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= 2+25+0
= (2.625),,




Decimal to Binary Conversion
» Only final bit determines if even/odd

If number is odd, final digit is 1
If number is even, final digit is O

» To discover final binary digit, divide by 2
remainder (O or 1) is binary digit

quotient can be used to repeat
procedure

21/2=1,28/2 =128, 215/2 = 16384, ...
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Decimal to Binary to Conversion

10644
53 rem O FESUINNS §
26 reml Holailg,
13 remO E
6 rem]l
3 rem O ]
1 reml g
0 rem 1
N

STop when this resulii zero




Decimal to Binary to Conversion

SEEE.

10610 :IO].O].OI

\




Decimal to Binary Conversion Cont ..
To convert the fraction part , repeatedly
multiplying by 2 until the fractional part
exactly equals zero or a sufficient number of
bits have been obtained.

0.3125
*2

0.6250
*2

1.2500
*2

0.5000
*2

1.0000

Whole Part

0 |
1
0
1
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Octal to Decimal Conversion

* The Decimal equivalent of the Octal nhumber
is the sum of all its digits multiplied by the
weights of their respective positions.

Octal Number :1 O 3 3
Position Weights : 8 8 gt 8
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Thus,
1033 = (1*83) + (0*82) + (3* 8!) +(3*89)

=512+ 0+24+3
= (539),,




Decimal to Octal Conversion

» To discover octal digit, repeatedly divide
the no. by 8 write down the remainders
after each division. By taking the
remainders in reverse order,we obtain
octal number.

* For decimal fractions, multiplied
repeatedly by 8 and carry digits are
written in integer position.
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Decimal to Octal Conversion co

357
48
5

10
rem /

rem 6

0

rem 5

N

StOP WhREnR thi

—
~

resuit
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Decimal to Octal Conversion co.
To convert the fraction part , repeatedly

multiplying by 8 until the fractional part
exactly equals zero or until a sufficient
number of bits have been obtained.

(0.23)10 = (?)s

0.23

*8 0.84 carry 1
1.84

0.84

*8 0.72 carry 6
6.72

0.72

*8 0.76 carry 5
5.76




Octal to Binary Conversion

Base of octal humber system =8 =23
Base of binary number system =2

There is direct relation between 3-bit
groups in a binary number and the octal
digits.
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Octal digit can be replaced by a 3-bit
binary equivalent.




Octal to Binary Conversion con.

(257)g = (?);
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Therefore, (257)g =(10101111),




Octal to Binary Equivalent

Octal Digit Binary Bits
0 000
1 001
2 010
3 011
4 100
5
6
7
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Binary to Octal Conversion

The Binary bits are partitioned into 3-bits a
each group is replaced by its octal equivalent

Example: (1011.01101), = (?)g
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Hexadecimal to Decimal Conversion

The Decimal equivalent of the Hexadecimal
number is the sum of all its digits multiplied by
the weights of their respective positions.

Hexadecimal Number : 4 7 3
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Position Weights 162 16! 160
Thus |,
473 (4* 162 )+(7* 16! )+(3*16°)

1024 + 112 + 3
(1139),,




Decimal to Hexadecimal Conversion

» To discover Hexadecimal digit, repeated|
divide the no. by 16 write down the
remainders after each division. By taking
the remainders in reverse order ,we obtai
Hexadecimal number.

* For decimal fractions, multiplied
repeatedly by 16 and carry digits are
written in integer position.
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Decimal to Hexadecimal Conversion

(379)10=(?)1e .

379

+16 = 23 remB ¢ :
=16 = 1 rem/ g
+16 = O reml
\ 2

Thus,

(379)10= (17B)y

Sr90 Wz Tis rzsulr z2eg




Hexadecimal to Binary Conversion

Base of Hexadecimal number syste
=16 =24

Base of binary number system
=2

There is direct relation between 4-Bi

groups in a binary number and the
Hexadecimal digits.

x
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Hexadecimal digit can be replaced b
a 4-Bit binary equivalent.




Hexadecimal to Binary Equivalen

0111

0 0000 38 1000
1 0001 9 1001
2 0010 A 1010
3 0011 B 1011
4 0100 C 1100
5 0101 D 1101
6 0110 E 1110
! F

1111




Hexadecimal to Binary Conversion c
(7AB)1 = (?);

\ u u \
0111 1010 1011
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Binary to Hexadecimal Conversion

The Binary bits are partitioned into 4-bits and
each group is replaced by its Hexadecimal
equivalent.

Example: (111011.011011), = (?)
co0111011.0110 1100

(111011.011011), = (3B.6C)y
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Do as directed:

9
* 5’
3
s
3
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1'sand 2’s Complements

*Subtraction using 1's
complement

*Subtraction using 2's
complement
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Subtraction Using 1's Complement

Find 1I's complement of the number to be
subtracted .

Add it to the number from which the subtractio
IS to be made.
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When there is a carry in the last position, add it
to the remaining number-.

If Carry 1is not obtained in the last position,
the result is negative number and it is inits I's
complement form.




Subtraction Using 1's Complement

Subtraction of 10001 from 10011

10011

011 1 O (I's Complement of 1000
1 Carry 100001
1 carryisremoved Q0001
1 Carry is Added 1

00010 <
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Subtraction Using 1's Complement

Subtraction of 10011 from 10001
10001

0110 O(1l'sComplement of 10C
NoCarry 11101

-00010 (1's Complement of 11101 with -ve sign)

MYcsvtu Notes
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Subtraction Using 2's Complement

Find 2's complement of the number to be
subtracted .

Add it to the number from which the subtractio
IS to be made.
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When there is a carry in the last position, it is
ighored.

If Carry 1is not obtained in the last position,
the result is negative number and it is inits 2's
complement form.




Subtraction Using 2's Complement

1 Carry

Subtraction of 00111 from 01110
01110

110 0 1(2'sComplement of 00
00111 (CarryDiscarded)

00111
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Subtraction Using 2's Complement

Subtraction of 10011 from 10001
10001

0110 1(2'sComplement of 10C
NoCarry 11110

-00010 (2's Complement of 11110 with -ve sign)

MYcsvtu Notes
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*Introduction
*Types of Logic Gates
*Truth Table
*Logic Symbol
*Logic Expression




A logic gate is an electronic circuit which has the
ability to make logical decision.

A logic gate is similar to that of a switching circui

Logical expressions can be described by logical
functions using the two binary symbols 1 and O.
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Logic Gates Cont.

» Two different electrical voltage levels such as

volts and O volt may be used to represent binar
1 and 0.

> Binary logic deals with binary variables and with
operations that assume a logical meaning.
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» A particular logic operation can be described in

an algebraic or tabular form called truth table.




Types of Logic Gates

AND g
OR
NOT (Inverter)
NAND (Not AND)
NOR (Not OR)

XOR (Exclusive-OR)
X-NOR (Exclusive-NOR )




AND Logic Gate

Output is 1 if and only if all its inputs are

MYcsvtu Notes

AND Logic Gate Truth Tatgs
A 000 J&
010 &

Xx=A.B 100

A, B :=Binary Input Variables 1 11

X =Binary Output Variable




AND Logic Gate

AND Switching Circuit

witch A Switch B
+oV @—— Output ¥

AND Circuit Diagram
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OR Logic Gate

Output is 1 if at least one of its inputs is
OR Logic Gate Truth Table

2®—x ABl x

x=A+B

MYcsvtu Notes
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A, B =Binary Input Variables
X =Binary Output Variable




NOT Logic Gate

Output is 1 when its input is O and whose

output is O when its input is 1.

NOT Logic Gate (Inverter) Truth Table

A—DO—X Al X
01

X

A =Binary Input Variable
X =Binary Output Variable

MYcsvtu Notes
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NAND Logic Gate
Output is 1 if at least one of its input is O

MYcsvtu Notes

NAND Logic Gate Truth Table
T o AB x
001 3
S— 011 §
X=A.B 101
A,B =Binary Input Variables 1110

X  =Binary Output Variable




NOR Logic Gate

Output is 1 if all the inputs are O and it is
O if at least one of its inputs is 1

NOR Logic Gate

A,B =Binary Input Variables
X  =Binary Output Variable

MYcsvtu Notes
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Output is 1 if any input is 1 but not if all

XOR Logic Gate

inputs are 1
XOR Logic Gate

A
B

o

x=A+B

A,B =Binary Input Variables
X  =Binary Output Variable

Truth Table

AB

= = O O
= O = O

O, = OIX
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X-NOR Logic Gate

Output is 1 if inputs are the same

either O or 1.
Exclusive-NOR Logic Gate

A @7
X
B

x=A+B

A,B =Binary Input Variables
X  =Binary Output Variable

Truth Table

= O O = (X

MYcsvtu Notes
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Boolean Algebra

*Introduction
*Laws of Boolean Algebra

*Rules for Boolean Algebra




Boolean Algebra

provides the operations, laws,

rules and theorems for working
with the set {0, 1}.

Logical expression can be
expressed symbolically in
equation form.

Equations can be manipulated
mathematically.
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Boolean Operations

#Sum / Or
Denoted by +
1+1=1, 1+0=1, O+1=1, 0+0=0

# Product / And
Denoted by .
1.1=1,1.0=0, 0.1=1, 0.0=0

4 Compliment / Negation

Denoted by °
1"=0,0" =1
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Product/And Compliment/Ne

X |y | X+y X |y |X.y X X
0|0 0 0O/0] O
0| 1] 1 01| o 0|1
1 |1 0 1 1|0 0 1 0
1 1 1 11 1




Laws of Boolean Algebra

The Commutative Law of Addition
A+B=B+A

Statement:
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Laws of Boolean Algebra

A| B |A+B A| B |B+A 2
olo]| o 0|0 o
o1 1 | = |o]|1] 1 5
10| 1 10| 1
1] 1] 1 1] 1] 1

Truth Tables are identical




Laws of Boolean Algebra

The Commutative Law of Multiplication
A.B=B.A

Statement:
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Laws of Boolean Algebra

Commutative Law of Multiplication

AlB[A.B Ale|B.A|l E
00| o oo o
o1 o | = [o]1] o
1[0 o 1[0 o
1| 1] 1 1 1] 1

Truth Tables are identical




Laws of Boolean Algebra

The Associative Law of Addition
A+(B+C) = (A+B) +C

Statement:
ORing
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Laws of Boolean Algebra

The Associative Law of Multiplication
A(B.C) = A.(B.C)

Statement:
ANDing

A } A(B.C) A —
B}
c— B.C
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(A.B).C
0
0
0
0
0
0
0
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A.B

C
o)
1
0
1
0
1
0
1

Truth Tables are identical

B.C | A(B.C)
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Laws of Boolean Algebra

The Distributive Law
A(B+C) = AB+AC

Statement:
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Distributive Law

C |AB| AC| AB+

B

B+C | A(B+C)

C

Truth Tables are identical




Rules for Boolean Algebra

Useful in manipulating and
simplifying Boolean Expression.
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Rules for Boolean Algebra

1. ALA=A

If a variable is ANDed with itself,
the result is equal to the variable.

If A0, then AA=0.0=0=A  *0 1 ) yo

A=0
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Rules for Boolean Algebra

2. A+A=A

If a variable is ORed with itself,
the result is equal to the variable.

If A=0 then A+A=0+0=0=A 4% )
AT ' A=0 :D—yo

If A=1,thenA+A=1+1=1=A A
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Rules for Boolean Algebra

3.A.1=A

If a variable is ANDed with 1,
the result is equal to the variable.

If A0, then A . 1=0.1=0=A A0 71 )
D

Y=0
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Rules for Boolean Algebra

4. A+1=1

If a variable is ORed with 1,

the result is equal to 1.

If A=O thenA+1=0+1=1 A=§’

If A=1,thenA+1=1+1 =1 A=1
1

T v
v
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Rules for Boolean Algebra

5. A.0=0

If a variable is ANDed with O,
the result is equal 1o O.

If A0, thenA.020.0=0 40 [
D-

If A=1,thenA.0=1.0 =0 A=l —
0 —
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Rules for Boolean Algebra

6. A+0=A

If a variable is ORed with O,
the result is equal to the variable.

A=0,then A+0=0+0=0=A 4% =
If A=0, then A + + . :D_yo
If A=1,thenA+0=1+0 =1=A A%l .

0 :D—YI
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Rules for Boolean Algebra

If a variable is ANDed with its
complement, the result is equal t0 O .
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If A=0,thenA=1and A.A=01=0 A=0 — _
_ _ A=1 —}y'o
If A=1, then A=0and A.A=10=0
A=l ——
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Rules for Boolean Algebra

8. A+ A-=1

If a variable is ORed with its
complement, the result is equal to 1
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Rules for Boolean Algebra

9. A=A

If a variable is complemented twice,

the result is the variable itself .

If A=O, then A =1and Az0=z=A A0

If A=l,thenA=0andA=1=A ,_

A

o

A

o
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Rules for Boolean Algebra

10. A+ AB:=A

L.H.S.
A+ AB =

(From identity property (A+1)=1)

R.H.S.
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Rules for Boolean Algebra

11. A+AB=A+B
L.H.S.
A+ AB =

= 1

+ AB (From Rule 10)
A+ A
( From Rule 8)
(From Rule 3)

R.H.S.

\%]
Q
+
(o]
Z
3J
+
>
\]
O
>
=
=
0
Q
+
o
<
3
4+
>
\]
O
>~
£
=
=
=




Rules for Boolean Algebra

12. A(A+B)=A
L.H.S.
A(A +B) =

R.H.S.
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DeMorgan’'s Theorems

Topics to be (overed
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DeMorgan’'s Theorems

DeMorgan's theorems are extremely
useful in simplifying expressions in
which a product or sum of variables is
inverted.
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DeMorgan’'s Theorems

Theorem -1

Statement :

The Complement of two or more variables
ANDed is the same as OR of the Complement
of each individual variable.

OR

NAND gate performs the same operation as
an OR gate whose inputs are inverted.
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DeMorgan’'s Theorems
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DeMorgan’'s Theorems

Theorem - 2

A+B= A . B

Statement :

The Complement of two or more variables
ORed is the same as AND of the Complement
of each individual variable.

OR

NOR gate performs the same operation as an
AND gate whose inputs are inverted.
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DeMorgan’'s Theorems

A B | A+B +B A B A B | A
o | o] o 1 0| O ! 1

=2
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Implication of DeMorgan’'s Theorems
For (1): (x+y)' = x' *y

;j (x+y) NOR

o — X

Alternative syamibool for the RNOR function
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Implication of DeMorgan’'s Theorems
For (2): (x*y)' = x' + ¥y’

> .
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Universality of NAND & NOR Gates

It is possible to implement any logi
expression using only NAND gates or x
Gates and no other type of gate. This i
because NAND and NOR gates, in the prope
combination, can be used to perform each o

the Boolean operations OR, AND, an
INVERT.
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Universality of NAND Gate

gate from NAND Gate

Inputs of two gates are connected
together , acts as a NOT gate.

A e A mma o A

ASAA-A+A-A
(From )
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Universality of NAND Gate

gate from NAND Gate

4 Two NAND gates requires.

# Output of one NAND gate is given to
another NAND gate.

# Second NAND gate acting as an inverter,
resulting the AND gate.
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As A

gate from NAND Gate

Universality of NAND Gate

:}Aaﬂ A o

O

B = AB and AB = AB ( From A = A
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Universality of NAND Gate

gate from NAND Gate

4 Three NAND gates requires.

® First two gates operated as
NOT gates by connecting together the
inputs of each NAND gate.

# Outputs of these NOT gates are given to
the third gate.
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Universality of NAND Gate

gate from NAND Gate

o
e
B — | o

As AA=Aand BB =B ( From AA=A)

A .B= A+ B (From DeMorgan's Theorem )
:A+B(Fr'omf: A)

.in  MYcsvtu Notes
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Universality of NAND Gate

gate from NAND Gate

MYcsvtu Notes

4 Four NAND gates requires.
# First gate gives output AB.

# Outputs of Second NAND gate is A + B.

® Output of Third NAND gate is A +B.
® Output of last NAND gate gives AB + AB.
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Universality of NAND Gate

gate from NAND Gate g
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Universality of NAND Gate
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gate from NAND Gate

As A. AB= A+ AB = A + B ( From DeMorgan's Theorem

( From DeMorgan's Theorem )

Output - AB+BA
= A®B




Universality of NAND Gate

I't can be shown that NAND gates can be arrange
to implement ar ﬁﬂtﬁh&Bool_egrL operations.

INVERTER

S 3
B
AND
A
D — -
X= (AB') = A+B OR

(AB)

:
4.




Universality of NOR Gate

gate from NOR Gate

Inputs of two gates are connected
together , acts as a NOT gate.

T x e e

ASA+tA=-A A=A
(From )
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Universality of NOR Gate

gate from NOR Gate

# Three NOR gates requires.
# Two NOR gates acting as inverter.
# Third NOR gate resulting the AND gate.
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Universality of NOR Gate

gate from NOR Gate

) e |

A1) M
) g
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As A+A =A and B+B = B ( From A+A=A)
A+B = A . B ( From DeMorgan's Theorem )
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Universality of NOR Gate

gate from NOR Gate

4 Two NOR gates requires.

# Output of one NOR gate is given to
another NOR gate.

# Second NOR gate acting as an inverter,
resulting the OR gate.
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Universality of NOR Gate

As A

gate from NOR Gate

:DO—A+B > E\ :D—

B=A+Band A+ B =A + B
(From A = A)

A
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Universality of NOR Gate

gate from NOR Gate

# Five NOR gates requires.

® First gate gives output A+B.
® Outputs of Second NAND gate is A. B.

& Output of Third NAND gate is A . B.
® QOutput of last NAND gate gives AB + AB.

www.mycsvtunotes.in - MYcsvtu Notes




Universality of NOR Gate

gate from NOR Gate




Universality of NOR Gate

gate from NOR Gate

As A+ (A+B) = A (A+B)= AL A+AB = AB
( From DeMorgan's Theorem)

( From DeMorgan's Theorem )
Output B - A®B
= A#B
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Universality of NOR Gate

In a similar manner, it can be shown that
NOR gates can be arranged to implement
any of the Boolean operations.

AslAFAY = A
A, } ﬁ,ﬂx>3—

INYERTER

(A+E]

Yvy




Boolean Theorems

Prove That:

(1) A+ (B.C) = (A+B).(A+C)
(2)A.(A+B) = AB

(3)AB + AB=A

(4)AB + AC+BC = AB+ AC

(5) (A+B) (A+C)(B+C) = (A+B)(A + C)
(6)A.B +AC = (A+C)(A+B)
(7)(A+B)(A+C)= AC+ A B
(8)A.B+A . B=(A+B).(A +B)
(9)AB+A .B=(A+B)(A+B)
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Boolean Theorems

1. A+(BC)=A+B.C
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Boolean Theorems

(2) A(A+B)=AB
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Boolean Theorems
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Boolean Theorems
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Boolean Theorems
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Boolean Theorems
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