Question 4 (Unit 3) 7 marks

Omne of the numbers 520 and 540 can be written as a sum of two squares and the
other cannat. Explain why one cannot be so written and write the other as & sum
of teo positive squares in two different ways, showing your working,

Question 5 (Unit 8] - & marks
Suppose that 1 = ?:-—. where e and noare positive iInbegers.

o 7 _ {100 = 3m)
(il Show that /10 = T =3

{ii} Show how the method of infinite descent can be nsed (o deduce from part (i)
that /10 is irrational.

Question 6 (Unit 6) - 5 marks

(1) For each of the following formulas, determine which occurrences of variahles
are free and which are bound.

(a) Yy (3 lv+zi=ta1 =(f z))
(b) Wtdz(Vyr=y+I7=[1-x))
(¢) (Vez'=t'vIy(z+yl=t)

(i) For each of the formulas in (a), (b) and (c} above, write down the result of
substituting the term (- ) for each free oecurrence of ¢ in the formula. In
which of the formmelas may chis term be freely substituted for =7

Question T {Unit 6) - 20 marks
Write down formal proofs to establish the following results.
(i) ¥al(gvd) Y v $), where #, ¢ are any formulas.

(] Yed b (Zxl—d v o) — 2], wheee the vanable © does not oceur free ino g, indi-
cating at which step{s] of your proof this condition on ' is required.

(iii} Je(— — & F (Vx(f v (=9 & v)) —+ —Valtde —0))
liv) =2k (z-{y+z)) = (z-ly+=z))

Ouestion 8 (Unit T) - 135 marks
Write down formal proofs to show the following.

(i) Fol0+2)#3,
that is, Fg =(0 4 0"} = 0"

() FeIlly+yl-1)=v

Question 8 [{Unit T} - 10 marks}

One of the following sentences is a theorem of @, and one 15 not. Give a formal
proof of the sentence that is a theorem of @, and explain why the other sentence is
not a theorem of @, (You may assume that the axioms of ¢ are tree in both the
interpretations N and N*° given on pages 5 and 6 of the Logic Handbook )

(i} ¥rvy((zr-p)-0)=(z-(y-0))
{if} ¥r¥yl(lc-0)-y)=(z-(0-y})
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