Philosophy 220A
Symbolic Logic I

Answers to Problem Set 10

5 marks each, total 45 marks

12.30

Ix (—Cube(x) A —Dodec(x))
Ix vy SameShape(x.y)

x Tet(x)

Shape Axioms.

I. —3x (Cube(x) A Tet(x)) 6. ¥x ¥y ((Dodec(x) ~ Dodec(v)) — SameShape(x, v))

2. =3x (Tet(x) A Dodec(x)) 7.9x 7y ((Tet(x) ~ Tet(y)) — SameShape(x, y))

3. —3x (Dodec(x) A Cube(x)) 8. 'vX ¥y ((SameShape(x. y) A Cube(x)) — Cube(y))

4, ¥x (Tet(x) v Dodec(x) v Cube(x)) 9. vx ¥y ((SameShape(x, y) A Dodec(x)) — Dodec(y))

5. ¥x ¥y ((Cube(x) A Cube(y)) — SameShape(x, v)) 10, ¥x ¥y ((SameShape(x, y) A Tet(x)) — Tel(y))
Proof:

From P1 we know that some object exists that is neither a cube nor a dodec. Let ¢ be such an
object. Then, since from A4 we know that c is either a tet, dodec or cube, it’s clear that Tet(c).
Further, from P2 we see that there’s one object that’s the same shape as every object in the
domain. In other words, everything in the world has the same shape. Now, to prove that
everything is a tet, let e be an arbitrary object in the domain. From P2 we know that ¢ and e are
the same shape. Now, since we know Tet(c) we can use A10 to get Tet(e). Now, e was an

arbitrary object, so from Tet(e) we can infer Vx Tet(x) by VIntro.m

[N.B. A formal proof is, technically, a special case of an informal proof, and so full marks should
be given for a (correct) formal proof.



13.3

1. 75 Cubed)

2 7 Smallid
3 ==
4. Cubeia) v = ¥ Elim: 1
8. Small{a) v = ¥ Elim: 2
G. Cubela) a Small(a) v  oalntro: 54
7. wu (Cubedd o Smallia) v 7 ¥intro: 3-6

13.8

1. wx (Cubedd — 'y (Dodecdd — FrantOff i
2. [z
3. ]+
4. = Cubeia) n Dodecih)
A, Cubela) = vy (Dodeciy) = FrontOfla, v
B. Cubeda)
7.9y (Dodecly) — FrantQfia, ¥
3. Dodecih) — FrontQfia, 0
4
1

. Dodecih)
0. Frontof(a, b

11. (Cubeia) n Dodec(b)) — FrontOfia, )
12,9y ((Cube(s) n Dodec iy — FrontCffa, v
13. v ey ((Cubedd o Dodeciy) = Frontofid, ¥

T T T T

= % Elim: 1
= n Elim: 4
= — Elim: 5,6
= % Elim: T
= n Elim: 4
= — Elim: 8,9

= = Intro: 4-10
= ¥ Intro; 3-11
= % Intro; 2-12

N.B. In cases like this, I told students that they could introduce the double universal in one step.
Thus steps 2 and 3, and 12 and 13, may be combined. They can even introduce both universals
and the conditional in one step, combining 2, 3 and 4 in one line, and 11, 12 and 13.



13.13

1. %y (Cubedd v Dodeciin
2 9 (Cubed) — Largedd)
3. Ak -Largel)

4, [c]= -Largel)

A, Cubel(t) = Largelc) v = ¥ Elim: 2

B. ~Cubeic) v MT: 4,5

T. Cubeic) v Dodecic) v = ¥ Elim: 1

8. Dodecic) v Ds: 67

9 Jx Dodecix) v = 3 Intro: 3
10. 3x Dodecd) v = 3 Elim: 4-9.3

13.25

1. dx Cubelx) ~ 3% Small(x)

F 2 3% (Cubeix) ~ small(x)




13.33

1. 3% (Tet() n Smallin
2%y (Bmallyd v Medium(d v Larged
3. [a]= Tet(a)

4. = Small{a)

a. Tettad n Small{a)

B. 3% (Teti) n Smallin
7.l

8. 253mallia
9. Small(a) v Mediumiz) v Largea)
10. Mediumi(a) v Largeda)
11. 5 Mediumia)
12, Largela) w Mediumia)
13. = Large(a)
14. Large(a) v Mediumia)
14, Large(a) v Mediumia)
16, 7% (Tetld) — (Largedd w Meadiurm =
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4 4
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{4

almtro: 4.3
1 Intro: 5
L Intro: 1,6

T dro: 4-7
¥ Elim: 2

Ds: 9B

wintro: 11

wintro; 13

v Elim: 11-1213-1410

¥ Intro: 3-14



13.37

e Dodecd) — LeftOfix, ahn

CrE (Tetld = RightOfi, &)

ek wy (Leftofl v — —BameCalix v
Cra sy (RightOfie v = - SameCol( v
e (Cubed) v Dodec() v Tet(

6. [c]= SameColic, a)
7. Cubeic) v Dodecic) v Tetic)
3. Dodecic) — LeftOfic, &)
9. Tetc) = RightOfic, &)
10, =y (LeftOfic, v) — SameColic, v
11. LeftOfic, a) = SameColc, a)
12, %y (RightOfic, vi = SameCalic, vi
13. RightOfic, &) = SameCaolic, a)
14, = Cubeit)
14, Cubeic)

M = L) k=

16. = Dodecic)
17, LeftOfic, a)

18. 2SameColiz, a)
18, L

20. Cuhbeic)

21. = Tetic)

22, RightOfic, &)
23, 5ameColiz, a)
24, L

28, Cubeic)

26. Cubelc)
27 wa(SameColl a) = Cube(

%A% 5. L . T T

L L "

¥ Elim:
¥ Elim:
¥ Elim:
¥ Elim:
¥ Elim:
¥ Elim:
¥ Elim:

=
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< Reilt: 14

= — Elim: 16,8

= = Eim: 1117
= L ntro: 18,6

= 1 Elim: 19

= —= Elim: 214

= = Elim: 2213
= L Intro: 6,23

= 1 Elim: 24

= wElim: 7 14-1516-20,21-25

= % Intro; 6-26



1. %% ((Cube(x) o Iy (Cubely) a % = y)) = Large(x))
2. Cube(a) a Cube(b)
3. SameCol(a, c) o ~SameCol(b, c)
4. (Cubeia) a Iy (Cube(y) » a = y)) — Large(a)
5. Cube(a)
6. a=bh
7. SameCol{a, c)
8. SameCol(b, c)

9, =SameCol(b, c)
10, 1

11.a=b

12. Cube(b)

13. Cubeib)aazh

14, 3y (Cube(y) s azy)

15. Cube(a) » 3y (Cube(y) » 3 z y)
16. Large(a)

1. %% {3y Loves(x, y) = Loves(x, celine))
2. Loves(celine, hill)
3, -Loves(alice, alice)
4. % alice = celine
S. Ay Loves(celine, y) = Lovesi{celine, celing)
6. Iy Loves(celine, y)
7. Loves(celine, celine)

8. ~Loves(celine, celing)
8.1

10, alice = celine

v
v

L . T T T L L

S T T

= ¥ Elim: 1
= & Elim: 2

= a Elim: 3
+ = Elim: 7,6
= & Elim: 2
+ 1 Intro: 8,9

= = Intro: 6-10
= & Elim: 2

= alntroz 12,11
= dlIntro: 13
 alntro: 14,5
¥ — Elim: 4,15

¥ ¥ Elim: 1
+ dIntro: 2
< —= Elim: 5,6
¥ = Elim: 3,4
< 1 Intro: 7,8

~ = Intro: 4-9



