
De-Morgan's Theorem 

A famous mathematician DeMorgan invented the two most important theorems of 

boolean algebra. The DeMorgan's theorems are used for mathematical verification of 

the equivalency of the NOR and negative-AND gates and the negative-OR and 

NAND gates. These theorems play an important role in solving various boolean 

algebra expressions. In the below table, the logical operation for each combination of 

the input variable is defined. 

Input variables Output Condition 

A B AND NAND OR NOR 

0 0 0 1 0 1 

0 1 0 1 1 0 

1 0 0 1 1 0 

1 1 1 0 1 0 

The rules of De-Morgan's theorem are produced from the Boolean expressions 

for OR, AND, and NOT using two input variables x and y. The first theorem of 

Demorgan's says that if we perform the AND operation of two input variables and 

then perform the NOT operation of the result, the result will be the same as the OR 

operation of the complement of that variable. The second theorem of DeMorgan 

says that if we perform the OR operation of two input variables and then perform 

the NOT operation of the result, the result will be the same as the AND operation of 

the complement of that variable. 

De-Morgan's First Theorem 

According to the first theorem, the complement result of the AND operation is equal 

to the OR operation of the complement of that variable. Thus, it is equivalent to 

the NAND function and is a negative-OR function proving that (A.B)' = A'+B' and we 

can show this using the following table. 

Inputs Output For Each Term 

A B A.B (A.B)' A' B' A'A+B' 

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

1 0 0 1 0 1 1 

1 1 1 0 0 0 0 

 

 

De-Morgan's Second Theorem 

According to the second theorem, the complement result of the OR operation is 

equal to the AND operation of the complement of that variable. Thus, it is the 

equivalent of the NOR function and is a negative-AND function proving that (A+B)' = 

A'.B' and we can show this using the following truth table. 

Inputs Output For Each Term 

A B A+B (A+B)' A' B' A'.B' 

0 0 0 1 1 1 1 

0 1 1 0 1 0 0 

1 0 1 0 0 1 0 

1 1 1 0 0 0 0 
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