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2.1.1

1. @xx   0 or @xx   0_ x � 0

2. DxIxÑ I0

3. @x x   0

4. @xpp Ix^ @yy   xÑ Iyq Ñ Ixq

5. @x p@yy   xq or perhaps @x p@yy   x_ y � xq

6. @x @y y   x

2.1.4

p@xExÑ Axq Ñ @x ppDyEy ^ x � hyq Ñ pDypAy ^ x � hyqqq

2.1.10

1. p pp @v1p v1Pv1qq Ñ p Pv1qqq, v1 appears free

2. pp p@v1Av1 Ñ p Bv1qqq Ñ pp p @v2p p Cv2qqqq Ñ Dv2qq, both v1
and v2 occur free.
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2.2.1

a

ñ: Suppose Γ;α ( φ, and let A, s be given so that for every γ P Γ, (A γrss.
Then either *A αrss, in which case (A αÑ φrss by definition, or (A αrss, in
which case, since Γ;α ( φ, we again have (A( φrss and therefore (A α Ñ
φrss.
ð: Suppose Γ ( αÑ φ, and let A, s be given so that for every γ P ΓYtαu,

(A γrss. Then this in particular holds for γ P Γ, so (A α Ñ φrss. Since
(A αrss, we must have (A φrss.

b

ñ: Suppose φ () ψ and let A, s be given. If (A φrss then since φ ( ψ,
(A ψrss, and therefore (A φ Ø ψrss. Otherwise *A φrss, and since ψ ( φ,
we must have *A ψrss, so again (A φØ ψrss.

2.2.2

a, b * c: Take the universe to be N and interpret P by  .
a, c * 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 pn,mq P PA exactly when

n � m� 1. (Note that the left side of (c) fails, so (c) is true.)

2.2.3

Let A, s be given so that (A @xpα Ñ βqrss and (A @xαrss. Let a P |A|.
Then (A αÑ βrspa{xqs and (A αrspa{xqs, so (A βrspa{xqs. Since this holds
for all a, (A @xβrss.

2.2.6

ñ: Suppose ( θ. Let A, s be given, and let a P |A|. Then by assumption,
(A θrspa{xqs. Since this holds for any a, (A @xθrss.
ð: Suppose ( @xθ. Let A, s be given. Thet (A @xθrss, and so in

particular $A θrspspxq{xqs. Since spspxq{xq � s, also (A θrss.
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2.2.9

a

DxDypx � y ^ @zpz � x_ z � yqq

b

@xDyPxy ^ @zpPxz Ñ y � zq

c

p@xDyPxy ^ @zpPxz Ñ y � zqq ^ @yDxPxy
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