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Definition 2.2.12. Let A and B be subsets of a set X. The set B — A, called the
difference of B and A4, is the set of all elements in B which are not in A.

Thus,
B—A={x € X|x € Bandx & A}.

Example 2.2.13.
(i) LetB = {2,3,610,13,15}and A = {2,10,15,21,22}.Then
B- A = {3,6,13}.
(i) Z-Z,=1,.
(ili)  Given that the box below represents X, the shaded area represents B — A.

Theorem 2.2.14. Let A and B be subsets of a set X. Then
VA-A=0, A—-Q0=Aand@—-—A=0

Definition 2.2.15. If A € X, then X — A is called the complement of A with respect

to X and denoted that by the symbol
X/Aor AC.

Thus, A°= {x € X |x & A}.
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Theorem 2.2.16. Let A and B be subsets of a set X. Then

(i) ACC = A.

(ii) X=0, 0°=X.

(iii) AUA® =X, ANA® =0 (Inverse Laws)
(iv) ANA®S = 0; AUA® = X.

(V) If A € B, then B¢ C A°.

(vi) ANB =0 < AC B°.
Proof. Exercise.

Theorem 2.2.17. Let A and B be subsets of a set X. Then

1) (AUB) = A°N B¢, (De Morgan’s Law)
(A n B) = A° U B°.

(if)Let A and B be subsets of aset X. Then, A—B = A B€.

(iii) A°—B°¢= B —A.

Proof.

(i) Letx € (AU B)¢
© x € (AUB) Def. of complement
© ~(x € AUB) Def. of ¢
© ~(x € AVx € B) Def.of AU B
© ~(x € AN ~(x €EB) De Morgan’s Law
Sx¢&AANx €B Def of ¢
& x EA°Ax € BS Def. of complement
& x € AN B Def. of N

Hence (AU B)° = AN B°.
(i) A—B={x € X|x € Aandx ¢ B}

={x € X|x € Aandx € B¢} Def. of complement of B¢
= AN B¢ Def. of complement intersection
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(iii) Exercise.

Definition 2.2.18. Let A and B be subsets of a set X. The set
AAB=(A-B)U(B -4

is called the symmetric difference.

Sometimes the symbol A & B is used for symmetric difference.

Example 2.2.19. Let A = {1,2,3,4,5,6,7,8} and B = {1,3,5,6,7,8,9} are subsets of
U=1{1234/5,6,7.8910}.
A—B =1{24}

B—A=1{9
AAB=(A-B)U(B - A) = {2,49}.
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AAB

Theorem 2.2.20. Let A, B and C are subsets of X. Then
@@ AaAQ=A.

(i) AAB=90 < A=B.
(ivy AAB=BAA.

(v) AAA=0.

Proof. Exercise.

In the following theorem the properties of union, intersection, complementation,
symmetric difference and power set are given.

Theorem 2.2.21.
i) A-(BnNnC)=(A—-B)U(A—-C) DeMorgan’s Low on set difference
A—(BUC)=(A-B)Nn(A-0)
(i) A—-(AnB)=(A-B)=(AUB)—B.
(iii) AnNnB)—-C=((A-C)n(B—-0).
(ivy A-B)n(C—-D)=(C—-B)n(A—-D)

(v) IfAcB,thenP(A) < P(B)

(vi) P(ANP(B) =P(A)NP(B).

(vii) P(A) UP(B) S P(AUB).

(viii) A =B < P(A) = P(B).

(ix) ANB =0 < P(A)NP(B) = Q.

X)) AAB=(AUB)—-(ANB).

(xi) AA(BAC)=(AAB)AC. Associative Law
(xi) AAC=BAC = A=B.

(xii) fAcBandC =B —A,thenA =B —C.
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Proof.
MA-(BNC)=An(BNC) Theorem 2.2.17(ii)
=AN(B°UC De Morgan’s Law
=(ANB)U (A NC° Dist Law
=(A—B)U (A - 0). Theorem 2.2.17(ii)

(vii) Let H € P(A)NP(B)
= H e P(A) N He P(B) Def. N

—HCAANHCSB Def. of power set
= H S (A NB) Def. N
= H € P(ANB) Def. of power set
x)xeAAB & xe(A—B)UB-A4) Def. of A
& x€(A-B)v(B-A4) Theorem U
& x€EANXEB V x€EBAxé€A Def. of difference
& x€EAV XEB A x&B Vv xeB DistLaw
A
XxXEAVEA AN x&€BVxgA
= XEAV XEB AN T Tautology
A
T N x¢&€BVx¢g&A
= XEAV xEB Identity Law of A

A
x €EBC V x € A

S x € (A VB)
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A
x € (B¢ V A°)
=3 x € (A UB) Def. of U and De

n Morgan’s Law

x € (B€ UA°) = (A N B)°

= x€A UB)N(A NnB)

= x€(AUB)— (A NB) Theorem 2.2.15(ii)
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