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Homework 3 Solutions

Spring 2011

2.1.1

1. Vex <QorVzx <Ovaz=0

2. dzlx — 10

3. Ve—x <0

4. Ya((—Iz AVyy <z — ly) — Ix)

5. Ya—(Vyy < z) or perhaps Ve—(Vyy < x v y = x)

6. Ve—-Vy—y <z

2.14
(VeEx — Azx) - Vo (QyEy A x = hy) — (Jy(Ay A x = hy)))

2.1.10
L. (=((—=Yv1(—v1Pv1)) = (—Puvy))), v; appears free
2. ((—=(Vv1Avy — (—Bwvy))) = ((—=(=Yva(—=(—Cuvs)))) — Duwg)), both v,

and vy occur free.



2.2.1

a

=: Suppose I'; & = ¢, and let 2, s be given so that for every v € I', =y [s].
Then either Hg a[s], in which case =g o — ¢[s] by definition, or Ey afs], in
which case, since I'; o = ¢, we again have =g ¢|s] and therefore =y a@ —
ols].

<: Suppose I' = a — ¢, and let 2, s be given so that for every v € T'u{a},
o y[s]. Then this in particular holds for v € T', so Ey a — ¢[s]. Since
o afs], we must have =g ¢[s].

b

=: Suppose ¢ == ¢ and let 2, s be given. If =y ¢[s] then since ¢ &= o,
o t[s], and therefore =g ¢ <> 1[s]. Otherwise Ky ¢[s], and since ¢ = ¢,
we must have g 1[s], so again =y ¢ < ¥[s].

2.2.2

a,b ¥ c: Take the universe to be N and interpret P by <.

a,c k b: Let the universe consist of two points (or any set with more than
one element), and let P hold of every pair.

b,c # a: Take the universe to be N and let (n,m) € P¥ exactly when
n =m+ 1. (Note that the left side of (c) fails, so (c) is true.)

2.2.3

Let 2, s be given so that =y Yz(a — 5)[s] and =y Yzals]. Let a € |2
Then =y a — f[s(a/z)] and =q as(a/z)], so =q S[s(a/x)]. Since this holds
for all a, =y V2 O[s].

2.2.6

=: Suppose = 6. Let 2, s be given, and let a € |2|. Then by assumption,
o O[s(a/z)]. Since this holds for any a, =g Yz0[s].

<: Suppose = Vzf. Let 2 s be given. Thet £y Vzf[s], and so in
particular o 6[s(s(z)/z)]. Since s(s(z)/z) = s, also =g 0[s].



2.2.9
a

Jedy(z #y AVz(z =2 v z=1))

b
VadyPry A Vz(Prz — y = z)

C

(VaxdyPrxy A Vz(Prz - y = 2)) A VydaxPay



