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Cardinalty 
 
 

 

The number of elements in a set is called the cardinality of a set. For 

example, let A = {h, i, j, k, l}. Then the cardinality of set A is denoted by n 

(A). There are 5 elements in set A. So n (A) = 5. 
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 If two or more sets are combined using the operations on sets, using 

the formula based on the cardinality of sets, we can calculate the 

cardinality. 
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Formulas based on the cardinality of sets are given below. 

1. Let A and B be finite sets and (A⋂B) ≠ φ, then 

n(A⋃B) = n(A) + n(B) – n(A⋂B). ⋃ denotes union and ⋂ denotes intersection. 

To find the cardinality of A⋃B, we subtract the number of common elements of A and B 

from the sum of the cardinality of A and B. 

2. If the sets A and B are disjoint sets (A and B do not have any common 

elements), n (A⋂B) = 0 

n(A⋃B) = n(A) + n(B).  

 
 

 problem: In a group of 30 students, 18 teach English (E) and 7 teach both    
                English and Spanish (S). How many teach Spanish?. 
 

Given n( E U S) = 30. 
                   n(E) = 18. 
          n(E ∩ 𝑺) = 𝟕. 
 

Formula: n (E U S) = n(E) + N(S) ─ n(E ∩ 𝑺). 
 

Solution: 30 = 18 + n(S) ─ 7 
                 30 = 11 + n(S) 
              n(S) = 30 ─ 11 = 19 

 

 
 
 

Problem: In a party of 45 people, each one likes tea or coffee or both. 35 people     

                like tea and 20 people like coffee. Find the number of people who 

                like both tea and coffee.  

Answer = 10. 
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Example 1: 

In a college, there are 25 teachers who teach physics or mathematics. Of 

these, 15 teach physics, and 6 teach both physics and mathematics. How 

many teach mathematics? 

Solution: 

Let A denotes the number of teachers who teach physics, and B denotes 

the number of teachers who teach mathematics. 

Total number of teachers who teach physics or math, n (A⋃B) = 25 

Number of physics teachers, n (A) = 15 

Number of teachers who teach both mathematics and physics, n (A⋂B) = 6 

                    n(A⋃B) = n (A) + n (B) – n (A⋂B) 

=> 25 = 15 + n(B) – 6 

=> n(B) = 16 

 

Exercises: 

1. (i) If n(A) = 25, n(B) = 40, n(A∪B) = 50, find n(A∩B) . 

(ii) If n(A) = 300, n(A∪B) = 500, n(A∩B) = 50, find n(B) . 
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Power set 
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Symmetric Difference 
 

Venn Diagram For Symmetric Difference 

The symmetric difference AΔB includes elements that are in either A or B but 
not in both. 

 
Example: Let set A = {1, 2, 3}, and set B = {3, 4, 5}, then Find the symmetric 
difference 
Solution: 

A △ B = {1, 2, 4, 5} 

 

 
The symmetric difference between two sets A and B is denoted as A Δ B 
and is defined as the set of elements that are in either of set but not in their 
intersection. Mathematically, this can be expressed as: 
 

A Δ B = (A - B) ∪ (B -A) 
 
Where, 

 A - B is a set of elements in A, but not in B, 
 B - A is a set of elements in B, but not in A. 
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The symmetric difference can also be understood as union of both sets 
minus their intersection: 
 

A Δ B = (A ⋃ B) - (A ⋂ B) 
 

How to Find the Symmetric Difference? 
 
To find Symmetric difference between the two sets A and B, follow these 
steps: 
 
1. Find elements that are unique to set A, which is A - B. 
2. Find elements that are unique to set B, which is B - A. 

3. Take Union of these unique elements: A Δ B = (A - B) ∪ (B -A) 
 

Example: Find symmetric difference between A and B ( A Δ B) if A = {1, 
2, 3} and B = {2, 3, 4, 5}. 
 
Solution: 

If A = {1, 2, 3} and B = {2, 3, 4, 5}: 
 
1. A - B = {1} (elements in A not in B) 

 
2. B - A = {4, 5}(elements in B not in A) 

 
3. Symmetric Difference: A Δ B = {1, 4, 5} 

 
 
 
 

Properties of Set Operations 
 

Commutative Property 
 Union: A ∪ B = B ∪ A 
 Intersection: A ∩ B = B ∩ A 
 Symmetric Difference: A Δ B = B Δ A 
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Associative Property 

 Union: (A ∪ B) ∪ C = A ∪ (B ∪ C) 
 Intersection: (A ∩ B) ∩ C = A ∩ (B ∩ C) 

Distributive Property 

 Union over Intersection: A ∪ (B ∩ C) = (A ∪ B) ∩ (A ∪ C) 

 Intersection over Union: A ∩ (B ∪ C) = (A ∩ B) ∪ (A ∩ C) 

Identity Property 

 Union: A ∪ ∅ = A 
 Intersection: A ∩ U = A, where U represents the universal set 

 Symmetric Difference: A Δ ∅ = A 

Complement Property 

 Union: A ∪ A' = U, where U is the universal set 

 Intersection: A ∩ A' = ∅ (the empty set) 

Absorption Property 

 Union over Intersection: A ∪ (A ∩ B) = A 

 Intersection over Union: A ∩ (A ∪ B) = A 
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Solved Question of Operations on Sets 

 
Question 1: Find the union of two sets A = {8, 10, 14} and B = {7, 16} 
Solution: 

(A ∪ B) = {8, 10, 14} ∪ {7, 16} 

(A ∪ B) = {7, 8, 10, 14, 16} 
Question 2: Find the intersection of sets P = {a, n, x} and Q = {x, y, z} 
Solution: 
(P ∩ Q) = {a, n, x} ∩ {x, y, z} 
(P ∩ Q) = {x} 
Question 3: Find the complement of set X = {4, 6, 9} where Universal set U = 
{1, 2, 3, 4, 6, 9} 
Solution: 
X' = U - X 
X' = {1, 2, 3, 4, 6, 9} - {4, 6, 9} 
X' = {1, 2, 3} 
Question 4: Given two sets A = {5, 6, 9, 10} and B = {3, 6, 12} then find, A - B 
and B - A 
Solution: 
A - B = {5, 6, 9, 10} - {3, 6, 12} 
A - B = {5, 9, 10} 
B - A = {3, 6, 12} - {5, 6, 9, 10} 
B - A = {3, 12} 
Question 5: Find the number of elements in the set (A ∪ B) given that n(A) = 
10, n(B) = 4,, and n (A ∩ B) = 5. 
Solution: 

To find n (A ∪ B) we use formula: 

n (A ∪ B) = n(A) + n(B) - n (A ∩ B) 

n (A ∪ B) = 10 + 4 - 5 

n (A ∪ B) = 9 
 

Example to find the symmetric difference using Venn diagram: 

1. If A = {1, 2, 3, 4, 5, 6, 7, 8} and B = {1, 3, 5, 6, 7, 8, 9}, then A – B = {2, 4}, B – A = {9} and 

A △ B = {2, 4, 9}. 
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Therefore, the shaded part of the Venn diagram represents A △ B = {2, 4, 

9}. 

 
 

2. If A = {1, 2, 4, 7, 9} and B = {2, 3, 7, 8, 9} then A △ B = {1, 3, 4, 8} 

 
8Save 

Therefore, the shaded part of the Venn diagram represents A △ B = {1, 3, 4, 

8}. 

 
 
 
 
 

https://www.pinterest.com/pin/create/button/?guid=VTzCXgF8XMGY-4&url=http%3A%2F%2Fwww.math-only-math.com%2Fsymmetric-difference-using-Venn-diagram.html&media=https%3A%2F%2Fwww.math-only-math.com%2Fimages%2Fsymmetric-difference-Venn-diagram.png&description=Symmetric%20Difference%20Venn%20Diagram
https://www.pinterest.com/pin/create/button/?guid=VTzCXgF8XMGY-4&url=http%3A%2F%2Fwww.math-only-math.com%2Fsymmetric-difference-using-Venn-diagram.html&media=https%3A%2F%2Fwww.math-only-math.com%2Fimages%2Fsymmetric-difference-Venn-diagram.png&description=Symmetric%20Difference%20Venn%20Diagram
https://www.pinterest.com/pin/create/button/?guid=VTzCXgF8XMGY-3&url=http%3A%2F%2Fwww.math-only-math.com%2Fsymmetric-difference-using-Venn-diagram.html&media=https%3A%2F%2Fwww.math-only-math.com%2Fimages%2Fsymmetric-difference.png&description=Symmetric%20Difference
https://www.math-only-math.com/images/symmetric-difference-Venn-diagram.png
https://www.math-only-math.com/images/symmetric-difference.png
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What are De Morgan's Laws? 

 (i) (A ∪ B)’ = A’ ∩ B’ 

 (ii) (A ∩ B)’ = A’ ∪ B’. 

 
 

De Morgan's Law Example 

Let us understand De Morgan's law with the help of a simple example. Let the 
universal set U = {7, 8, 9, 10, 11, 12, 13 }. 

 The two subsets are given by A = {11, 12, 13} and B = {7, 8}. 

 De Morgan's Law of Union Example: 

  (A ∪ B) = {7, 8, 11, 12, 13}, 

  (A ∪ B)’ = {9, 10}. 

  A’ = {7, 8, 9, 10} and 

  B' = { 9, 10, 11, 12, 13}. 

  A’ ∩ B’ = {9, 10}. 

 

  Thus, (A ∪ B)’ = A’ ∩ B’ 

 

 

 De Morgan's Law of Intersection Example: 

  (A ∩ B) = ∅, 

  (A ∩ B)' = {7, 8, 9, 10, 11, 12, 13 }. 

  A’ ∪ B’ = {7, 8, 9, 10, 11, 12, 13}. 

 

  Hence, (A ∩ B)’ = A’ ∪ B’ 
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De Morgan's Law Proof 

Proof of (A ∪ B)’ = A’ ∩ B’: 

The first De Morgan's theorem or law of Union can be proved as follows: 

Let R = (A U B)' and S = A' ∩ B'. Our intention now is to prove R = S. For this, 

it is sufficient to prove that R ⊂ S and S ⊂ R. 

Suppose we choose an element y that belongs to R. This is denoted as y ∈ R. 

⇒ y ∈ (A U B)' 

⇒ y ∉ (A U B) 

⇒ y ∉ A and y ∉ B 

⇒ y ∈ A' and y ∈ B' 

⇒ y ∈ A' ∩ B' 

⇒ y ∈ S 

Thus, we conclude that R ⊂ S (R is a subset of S) ...(1) 

Now suppose we have an arbitrary element z that belongs to set S. Then z ∈ 
S 

⇒ z ∈ A' ∩ B' 

⇒ z ∈ A' and z ∈ B' 

⇒ z ∉ A and z ∉ B 

⇒ z ∉ (A U B) 

⇒ z ∈ (A U B)' 

⇒ z ∈ R 

Hence, S ⊂ R ...(2) 
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From (1) and (2) we infer that S = R or (A ∪ B)’ = A’ ∩ B’. Thus, this theorem 
is proved. 

Proof of (A ∩ B)’ = A’ ∪ B’: 

The second De Morgan's theorem or law of Intersection can be 
mathematically proved using the following steps: 

Let G = (A ∩ B)' and H = A' U B'. We would now prove that G = H by proving 

G ⊂ H and H ⊂ G. 

Let an element y belong to G. y ∈ G. 

⇒ y ∈ (A ∩ B)' 

⇒ y ∉ (A ∩ B) 

⇒ y ∉ A or y ∉ B 

⇒ y ∈ A' or y ∈ B' 

⇒ y ∈ A' U B' 

⇒ y ∈ H 

This implies that G ⊂ H ...(1) 

If z is an arbitrary element of H then z ∈ H 

⇒ z ∈ A' U B' 

⇒ z ∈ A' or z ∈ B' 

⇒ z ∉ A or z ∉ B 

⇒ z ∉ (A ∩ B) 

⇒ z ∈ (A ∩ B)' 

⇒ z ∈ G 

Therefore, H ⊂ G ...(2) 



 

Prepared by Assist. Prof. Imad Matti 
 

34 

 

Now when we combine (1) and (2) we can say that G = H or (A ∩ B)’ = A’ ∪ 
B’. Hence, we have successfully proved the second theorem. 

 
 

Examples Using De Morgan's Law 

 Example 1: If U = {1, 3, 5, 7, 9, 11}, A = {3, 5} and B = {5, 7, 9}, then 

prove De Morgan's first law. 

Solution: According to De Morgan's First law, (A ∪ B)’ = A’ ∩ B’ 

(A ∪ B) = {3, 5, 7, 9}, (A ∪ B)’ = {1, 11} 

A’ = {1, 7, 9, 11} and B' = {1, 3, 11} 

A’ ∩ B’ = {1, 11}. 

Answer: Hence, (A ∪ B)’ = A’ ∩ B’ 

Solved Examples of De Morgan’s First Law 

Example 1: 

Let U = {1, 2, 3, 4, 5, 6, 7, 8}, A ={3, 4, 5}, B = {4, 5, 6}. Show that (AUB)’ = 

A’∩B’. 

Solution: 

Given that: 

U = {1, 2, 3, 4, 5, 6, 7, 8} 

A = {3, 4, 5} 

B = {4, 5, 6} 

We know that, Demorgan’s first law is (AUB)’ = A’∩B’. 

L.H.S: 
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AUB = {3, 4, 5} U {4, 5, 6} 

AUB = {3, 4, 5, 6} 

Hence, (AUB)’ = {1, 2, 7, 8}  

R.H.S: 

We know that A = {3, 4, 5} 

Hence, A’ = {1, 2, 6, 7, 8} 

Similarly, B = {4, 5, 6} 

Thus, B’ = {1, 2, 3, 7, 8} 

Therefore, A’∩B’ = {1, 2, 6, 7, 8} ∩ {1, 2, 3, 7, 8} 

A’∩B’ = {1, 2, 7, 8} 

Thus, L.H.S = R.H.S 

Hence, (AUB)’ = A’∩B’ is proved. 

Example 2: 

If U = {a, b, c, d, e, f, g, h}, P = {a, c, d}, Q = {a, b, f, g}. Prove the 

Demorgan’s first law. 

Solution: 

Given: 

U = {a, b, c, d, e, f, g, h} 

P = {a, c, d} 

Q = {a, b, f, g} 

According to Demorgan’s first law, we have to prove, (PUQ)’ = P’∩Q’ 

To prove (PUQ)’: 
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PUQ = {a, c, d} U {a, b, f, g} 

PUQ = {a, b, c, d, f, g} 

Hence, (PUQ)’ = {e, h}  

To prove P’∩Q’: 

Given that P = {a, c, d} 

Hence, P’ = {b, e, f, g, h} 

Also given that, Q = {a, b, f, g} 

Q’ = {c, d, e, h} 

Hence, P’∩Q’ = {b, e, f, g, h} ∩ {c, d, e, h} = {e, h}  

Hence, (PUQ)’ = P’∩Q’ is proved. 

 

 
 
 

HOME WORKS 
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Practice Questions on Set Operations 

 
Question 1. Find the union of two sets A = {2, 4, 5, 9} and B = {2, 6, 10, 12}. 
 
Question 2. Find the intersection of sets P = {5, 6, 7, 9} and Q = {6, 9}. 
 
Question 3. Find the complement of set X = {p, q, r} where Universal set U =   
                     {e, f, h, p, q, r}. 
 
Question 4. Given two sets A = {1, 2, 4, 7, 10} and B = {1, 2, 8, 15}, then find,  
                     B - A. 
 

Question 5. Find the number of elements in set A, given that n (A ∪ B) = 12,  
                     n(B) = 7, and n (A ∩ B) = 4. 

 
 

Q6: Show that (AUB)’ = A’∩B’. 

1. if U = {11, 12, 13, 14, 15, 16, 17}, A = {11, 12, 13, 15}, and B = {13, 
15, 16, 17}. 

2. Let U = {p, q, r, s, t, u, v, w}, A = {p, r, s, t} and B = {t, v, w}. 

 
 
 


	Symmetric Difference
	Venn Diagram For Symmetric Difference

	How to Find the Symmetric Difference?
	Properties of Set Operations
	Commutative Property
	Associative Property
	Distributive Property
	Identity Property
	Complement Property
	Absorption Property

	Solved Question of Operations on Sets
	What are De Morgan's Laws?
	De Morgan's Law Example

	De Morgan's Law Proof
	Examples Using De Morgan's Law
	Solved Examples of De Morgan’s First Law
	Practice Questions on Set Operations

