
1. Show that A∪ B = A∩ B  by proving (a) A∪ B⊆ A∩ B  and  (b) A∩ B⊆ A∪ B .

Proof of (a): Let x ∈A∪ B  then x ∈U =  the universal set  and x ∉A∪ B . This means that 

x ∈U  but x ∉A and x ∉B  (see the figure on the left below). Thus, x ∈A and x ∈B ; hence, x ∈A∩ B . 

Therefore, A∪ B⊆ A∩ B .

Proof of (b): Let x ∈A∩ B  then  and x ∈A and x ∈B . This means that x ∈U  but x ∉A and x ∉B . 

Thus, x ∈U and x ∉A∪ B ; hence, x ∈A∪ B . Therefore, A∩ B⊆ A∪ B .  
 

   
   
   x ∈A∪ B     x ∈ A∩ B( )∪C   

2. Show that A∩ B( )∪C = A∪C( )∩ B∪C( )  by proving (a) A∩ B( )∪C ⊆ A∪C( )∩ B∪C( )  and  

(b) A∪C( )∩ B∪C( )⊆ A∩ B( )∪C .

Proof of (a):  Let x ∈ A∩ B( )∪C . Then either x ∈A∩ B  or x ∈C  (see the figure on the right above)

since A∩ B⊆ A∩ B( )∪C  and C ⊆ A∩ B( )∪C . Thus, there are two cases:

Case 1: x ∈C .  Then x ∈A∪C  and x ∈B∪C  because C ⊆ A∪C  and C ⊆ B∪C . 
Case 2: x ∈A∩ B . Then x ∈A and x ∈B . But A⊆ A∪C  and B⊆ B∪C ; hence, x ∈A∪C  and 
x ∈B∪C .

Thus, in both cases, x ∈A∪C  and x ∈B∪C  which means x ∈ A∪C( )∩ B∪C( ) . Therefore, 

A∩ B( )∪C ⊆ A∪C( )∩ B∪C( ) .

Proof of (b): Let x ∈ A∪C( )∩ B∪C( ) , then x ∈A∪C  and x ∈B∪C . Again, there are two cases since 

C ⊆ A∪C and C ⊆ B∪C :
Case 1: x ∈C . Then  x ∈ A∩ B( )∪C  since C ⊆ A∩ B( )∪C . 

Case 1: x ∉C . Then x ∈A∪C  implies x ∈A since A∪C  is the set of elements either in A or in C . 
Similarly, x ∈B∪C  implies that x ∈B . But, x ∈A  and x ∈B  implies x ∈A∩ B . Thus,
x ∈ A∩ B( )∪C since A∩ B⊆ A∩ B( )∪C .

So in either case, x ∈ A∩ B( )∪C . Therefore, A∪C( )∩ B∪C( )⊆ A∩ B( )∪C . 
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