Midterm 1 / 2023.10.4 / MAT 3013.001 / Foundations of Mathematics

1. If p and ¢ are propositions, the contrapositive tautology is that the proposition
p = q is equivalent to ~q = ~p. Use a truth table to prove this.

f(p.,q):=[p.q,not p or g,not q, not p,not(not g)or not pJ;
s:[f(p.q)]s
range:[true,false]$

for p in range

do for g in range

do s:append(s,[f(p,q)1)$
apply(matrix,s);
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g ~q = ~

f(p.q):=lp.q.~PV q,~q.~p,~~qV —p]

P q -pVg —-q -p qV —p
true true true false false true

true false false true false false

false true true false true true

false false true true true true

2. If A and B are sets, prove that ANB =Aifand onlyif AC B
< fuppox ACK
C ANR €A (ifxe ANG, xc A )
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3. Construct an explicit counterexample using finite sets to the (false) proposition

that for any sets A and B we have Z2(AUB) = Z(A) U Z(B)

bt A={13, B={2% , 20 AUB =41,275.

Thew AUR € AuB , > AUB ¢ P(AUR)  Lut

AUB A <o AUR G (A and AUR ¢ B, = AUGE R&),

Se AUR ¢ #(A) v &(B) A

Note: 9"'-}'7:"3-& ACrR . Then AVR =B .
Also @AY ¢ P (B) S0 §=(A) U PR) = fprg)= B (AUR)



4. Suppose A, B, C' are sets. Prove that Ax (BNC)=(Ax B)Nn(Ax C)
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5. For each n € N let A, C R be the interval A, = [0, 5=). Find N{A,: n € N}.

Prove your assertion.
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