Math 300 -- SETS Worksheet (Ch 6)

RELATIONSHIPS:

e Inclusion (subset) ACB & [x€A > x €B]
e Equality A=B [A € Band A2 B] (double inclusion)

ACSB and A+B

[(x€A=> x €B) and (thereexistssomea € B — 4)]

=
& [xeAe x €EB]

e Proper Subset AcB <

—~

OPERATIONS on Sets (new sets from old):

e Set Intersection: AnB={x|x€ Aand x € B}

e Set Union: AUB ={x|x€ Aorx € B}

e Set Difference: A-B={x|x€eAandx ¢ B}

e Set Complement: A°=U—-A={x€eU|x¢ A} (Uissome universal set containing A)

e POWER Set: P(A) = {X|X € A}. (the set whose elements are all the subsets of A)
Note that by definition of P(4),[X € A <=> X € P(4)|

e Cartesian Product: AxB ={(x,y)|lx€ Aand y € B}

The set of all ordered pairs (x,y), with x an element of A and y an element of B.
(this is in Ch 7, section 7.7)

Venn Diagrams (useful to visualize sets, but please don’t use in proofs!)
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R A A~8 (Av8)= ANBS

EMPTY SET: The empty set is the set with no elements: ¢ = { } (a.k.a. the null set)

"

Exercise: Prove that the empty set is a subset of any set.

proof: ek ALk a hd‘ .
By dition f subsct, PcA Iff KeP =>XEA.

oo & han no chusds, Toa Stlimaud XEP is aluas frlee.

Hene The tml)licpi.‘m« xeF=>XEA s Trua . o
ALTERNATIVELY : P{‘cyc U= cau@o&'ﬁ( s X#A— =5 x¢/525

let KRMQQ&WAJ'JAA. Than XE P sme P han no

dowands .



Examples:
1) LetA={a,b,c,d,e}and B = {x, v, a,2Z,c)
anB= 4a,ch
AvB= 4ab ¢, d € %732
A-B= bbb d,el

2 (3,0 = (- -3Ju(o,0°) = JxeR ] x -3 ox ><>05

3) If A={1,2,3} list all the elements of the following sets:

W= B, 008, 428,488, duel, $38, 42,38 9,233 |

e axa= 4 (), 02), (1,3, (2,1), (72), (2,3) "(3,1), (za))(gs)j

It’s important to distinguish between subsets and elements, and to use the correct notation!

Example: Suppose A={1,2,3}. Which of the following are correct statements?

1={1), @ 1ca, ((1jca (12} ea,

You should recall the following results, and be able to prove them:
Theorem 6.3.4

(i) Associativity of set union and intersection:
AuBuC) =@ va)uC

(i) Commutativity: AUB= Bu#k

(i) ~ Distributivity: Au(BNnC)=(AUB)N(AuUC),
(iv) De Morgan Laws: (AU B)‘ = A - N Q,C'

(v) Complementation: AU A= 7] [

(vi)  Double complement: (A°)° = A

AnBnO = (ANR)NC.
ANB= BN A

ANBUO =(AnB)u (RN C)

anByr= A%,a%

anne= 8



Sample Proofs:

Use logical arguments from the definitions to show: (i) AU(BNC)=(AUB)N (AU C)

Proof:
(D TFirst, We'll prove thot AV(RNC) 2 GuRIN(AUC)

ek Xe AU(RAC). We ned t show that xe (AVR) N AvT)

Sin xeAV(BNC) xeA oe XeRBNC | S0 We hare Two casen :
U)':fxe/’;, Houw Xe AVR amd x € AvC ) 80 ol d Xe (AUB) N(Auc )
() Elx, if xgA han xeBNC ) je. x€Raud xe C , But xeB=>x € QuR

OMd XK€ C =>xe Avc. Hemw, ajauln, xe (4v8)N (4vc)

(2 Now we'll show Tha Flan scf imelu siow : AoR)n(Auc) < A v(RNc)

Py Xc(f’fu&) N(Avc). I?y defiition vﬁosd‘nuﬁaxeb’w, XeAOR aud xe&Ayc
Warag Swe Xe AuB

) XeAostxeB . Ak, we hare fwo case ;

W) o xear thaw  xe Av (RNC) .

U‘:)W, XeB, % Sut we alao busw that KC'A‘UC.) so, a:rKe-’A-
faw'xe C. Huuce x@A => xeBNC => xeAURNC) .

This dhows thod x& AV (Bnc) i ald cases. QFD_~

= You try: prove the counterpart statement: A N (BUCO)=(AnB)Uu(An C)

Use truth tables to prove: (iv) (4 U B)¢ = A n B¢

% WA
xe A Xe (3 xeAuB (| xe(Avg)]| xeac xeR€ Ktﬁch g~
T | T T F F F T
Iill > 1T - P il =
EIT | TIEfbT |[F IF
3= 1= T |7 / i T \\ B
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= Prove it by truth tables (in text) and by logical arguments (exercise)

Proposition 6.2.4: AUB = (ANB)U (A— B)U (B-A4)



