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Instructor: Dr.R.A.G. Seely

Maths & Logic (360-124)

More quantifier exercises

Construct derivations for the following entailments. In questions 8, 9 and 10, where I've explicitly
indicated “not the converse”, find a model or situation which shows the converse is not valid.
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VaVyP(z,y) F P(a,a) 2. VaVyP(z,y) - Ve P(z, )
Va(P(x) AN Q(z) = R(x)),Q(a) AVzP(z) - P(a) A R(a)

JzP(z) FVzQ(x) — Jz(P(z) A Q(x))

. VaVy(R(z,y) — (P(x) A —=P(y))), Jz3y(R(x,y) A R(y,x)) F Jz(P(x) A =P(x)) (and hence Q6:)

- VaVy(R(z,y) — (P(z) A—P(y))), Iy (R(z,y) A R(y, =) - L

A2R(z, 2), YV S(y, z) F Jy32(S(z,9) = R(y,y))

. Jx(P(x) AQ(z)) F JxP(x) A JxQ(x) (but not the converse!)

. VzP(z) VVzQ(z) F Vz(P(x) V Q(x)) (but not the converse!)

JaVyR(x,y) F Yy3zR(x,y) (but not the converse!)

JrdyR(x,y) b JyTxR(x,y) and JyIzR(z,y) b JxIyR(z,y)
VaVyR(x,y) - YyVzR(z,y) and VyVzR(x,y) b VaVyR(z,y)
—Jz(P(z) A Q(x)) F VY (P(x) — -Q(x)) 14. Vz(P(x) — —Q(x)) F =Fz(P(z) A Q(x))

Jx(P(z) V Q(z)) F JzP(x) V IzQ(x) 16. JzP(z) V 32Q(z) - Jz(P(z) V Q(x))
Va(P(z) A Q(x)) F VaP(x) AVzQ(x) 18. VzP(z) ANVxQ(z) - Vz(P(x) A Q(x))
Vz(P(z) = Q(z)), Jz(P(x) A R(z)) F Jz(Q(x) A R(x))

Va(P(x) vV Q(z)), Jz—P(z) F J2Q(x)



