Chapter 9:

Exercises 9-1
1. a, e
3. ¢

Exercises 9-2

1. 1. vx(Fx V Gx) P

2. Vx~Gx P

3. SHOWw Fb DD

4 | Fb V Bg | 1, VE

5 | ~Gb | 2, VE

6 | Fb | 4, 5, VE
3 1 Fa & Ga P

2 SHOW dzGz DD

3 | Ga | 1, &E

4 | 3zGz | 3, 11

5. 1. dxMx V ~dyPy P

2. ~(Pq — Mg) P

3. SHOW dxMx DD

4. | Pq & ~Mg | 2, -

5. | Pq | 4, &E

6 | JyPy | 5, 31

7 | ~~3yPy | 6, DN

8 | IxMx | 1, 7, VE
7. 1. VxVy[(Jx & Ky) > (My & Nx)] P

2. Ja & Kb P

3. SHOW ]y(Mb & Ny) DD

4. | Vyl[(Ja & Ky) > (My & Na)] | 1, VE

5. | (Ja & Kb) > (Mb & Na) | 4, VE

6. | Mb & Na | 2,5, oF

7. | Iy(Mb & Ny) | 6, 31
9. 1. dx(Kx & Mx) — VyGy P

2. VxVy[Nx - (Kx & My)] P

3. Np P

4. SHOW Gm DD

5. | Vy[Np - (Kp & My)] | 2, VE

6. | Np > (Kp & Mp) | 5, VE

7. | Kp & Mp 3, 6, »°E



8. | Ix(Kx & Mx) 7, 31
9. | VyGy 1, 8, »E
10. | Gm 9, VE

Exercises 9-3

1. 1. Vx(Ax — Bx) P
2 dyAy P
3 SHOW dzBz DD
4. | Aa | 2, 3E
5. | Aa — Ba [ 1, VE
6. | Ba | 4, 5, »E
7. | JzBz | 6, 3I
3. 1. dy(Ga & Fy) P
2. VxVy[(Gx & Fy) > (Mx & Sy)] P
3. §SHOW Ma & dzSz DD
4. | Fa &Gb | 1, 31
5. | vyl(Ga & Gy) > (Ma & Sy)] | 2, VE
6. | (Ga & Fb) > (Ma & Sb) | 5, VE
7. | Ma & Sb | 4, 6,
8. | Ma | 7, &E
9. | Sb | 7, &E
10. | 3JzSz | 9, JI
11. | Ma & JzSz | 8, 10, &I
5. 1. 3Ix(Fx — Ga) P
2. SHOW vxFx — Ga CD
3 | vxFx | ACD
4. | SHOW Ga | DD
| e |
5. | | Fb > Ga | | 1, 3E
6 | | Fb | ] 3, VE
7 | | Ga | ] 5, 6, »E
| e |
7. 1. dx~Dx P
2 SHow dJx(Dx — VyDy) DD
3. | -Da | 1, JE
4. | ~Da V VyDy | 38, VI
5. | Da — VyDy | v
6. | 3Ix(Dx — VyDy) | 5, 3I
9 1 JdxQx P



3 | vx~Qx
4. | SHew !

| _______________________
5. | | Qa |
6. | ~Qa |
7. | ]! |

11. 1. 3x(Fa & Mx)
vxVy[ (Fx & My) — JyBy]
SHOW dzBz

Fb & Ma

W N

Bc
JzBz

© 00 30 Ot

|
|
|
| IwBw
|
|

Exercise 9-4

1. 1. Vx(Ax — Bx)
2. Vx(Bx — Cx)
3. SHOW vx(Ax — Cx)
4 | SHOW Aa — Ca |
| _______________________
5. | | Aa — Ba | |
6. | | Ba > Ca | |
7. | | Aa - Ca | |
| _______________________
3. 1. Vx(Fx < Gx)
2. Vy(Py — Gy)
3. SHOW vx(Px — Fx)
4. | SHOW Pa — Fa
| _______________________
5. | | Pa [
6. | | SHew Fa |
| | mmeemmemeemeeeenes |
7. | | | Fa < Ga | |
8. | | | Pa — Ga | ]
9. | | | Ga | |
10. | | | Fa ||
L — |
5. 1. Vx(~Px V Rx)

Vy[(Fb & My)y — 3wBw] |
(Fb & Ma) — JwBw |

5, VE

UD
CD

ACD
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vx(~Dx — ~Rx)
SHOW Vx(Px — Dx)

JdxFx — Ga

S I N Ot

Vz(Hz — Fz)

IxGx — Vx(Gx — Hx)

SHewW vx(Gx — Fx)

IxGx

Ga — Ha

Ctr

8, HS

VxVy (Wxy --> Ixx)

. VxdyWxy

SHOW VxIxx

CD

ACD



6. | | Wab | | 5, 3E
7. | | Vy(Way — Iaa) | | 1, VE
8. | | Wab — Iaa | | 7, VE
9. | | TIaa | ] 6, 8. ~E

11. 1. Vvx(Lxa V Lxb) P

2. Vx(dyLxy — Hx) P

3. SHOW VvxHx UD

4 | SHOW Hc | DD
| mmmmmm e |

5. | | Lea V Lcb | ] 1, VE

6. | | JyLecy — Hc | | 2, VE

7. | | SHOW Lca — dyLcy | | CD
| | mmmmmmmm e | |

8. | | | Leca | | | ACD

9. I I I SHOW dyLcy I I I DD

10. | | | | 3yLey [ 8,31
[ I 1]
| | mmmmmm oo N

11. | | SH6W Lcb — dyLcey | | CD
[ R N

12. | | | Leb | | | ACD

13. | | | sHOW 3JyLcy | | | DD
[ [ 1]

14. | | | | 3yLey [ 12, 31
[ 1]
- N

15. | | 3yLey | | 5, 7, 11, SC

16. | | He | ] 6, 15, —»E

Exercises 9-5

1. 4. WRONG Existential Exploitation can't be used on line 1
because the existential quantifier is not the main
logical operator of line 1. The arrow is.

5. WRONG Universal Exploitation can't be used on line 4
because the Universal quantifier is not the main
logical operator of line 4. The arrow is.

1. dxFx — VxFx P
2 Fa P
3 SHOEW Fb DD
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4. WRONG Universal Exploitation can't be used on line 1
because the Universal quantifier is not the main
logical operator of line 1. The arrow is.

5. WRONG An assumption can only be made on the next line after
an appropriate SHOW line. Line 4 is not a SHOW line.

7. WRONG Existential Exploitation can't be used on line 4

because the existential quantifier is not the main
logical operator of line 4. The arrow is. In
addition, existential exploitation requires
new name; "a" has already occurred in the derivation.
8. WRONG Existential Exploitation requires a new name; "a'
already occurs in the derivation.

11. WRONG Existential Exploitation can't be used on line 10,
because the existential quantifier is not the main
logical operator of line 10. The tilde is. In
addition, Existential Exploitation requires a new

n

name; "a" already occurs in the derivation.

1. vxdyFxy — ~dxFxx P

2. dxVyFyx P

3. SHOW ~Faa ID

4. | Faa | AID

5. | sHew ! | DD
| e |

6. | | 3IxFxx | | 4, 31

7. | | ~~ IxFxx | | 6, DN

8. | | ~vx3dyFxy | | 1, 7, MT

9. | | SHeW vxIdyFxy | | UD
(R —— N

10. | | | SHOW dyFby | | | DD
R 1]

1. | | | | VyFyc 111 2, 3E

12. | | | | Fbe | | | | 11, VE

13. | | | | lyFby N O A
R —— 1]
[ T N

14. | | ! | | 8, 9, !'I

5. WRONG You cannot box and cancel using UD here. To box and
cancel using UD you must have an instance of the

universal sentence you are trying to show where the
name that replaces the quantifier's variable is new
to the derivation; "a" already occurs in the
derivation. Line 6 should have had a name other than
"a" instead of "a"

13. WRONG The annotation should be 11, 12, —E.

17. WRONG There is no such rule as Universal Introduction. To

derive line 17, a Universal Derivation should have been



QUi WO N

(o2}

3

10.

11.
12.
13.
14.
15.
16.
17.
18.

19.
20.

started earlier in the derivation.

Vx(Fx — Hax)

Vx (3dyHxy — Kx)
Vy(3IxKx — Jy)
Vxdx — VzGz
SHOW Vx(Fx — Gx)

o dddd

D

|

|

| SyHay

| JdyHay — Ka
| Ka

| IxKx

| IxKx — Jc
| Jc

ACD
DD

UD

1, VE
7, 11,
12, 11
2, VE
13, 14,
15, 3I
3, VE
16, 17,

I
I
I
|
I
| DD
I
I
I ~E
|
>F
—E

4, 9, >F

19, VE

Exercises 9-6

1.

QUi WO N

dxAx
Aa — Jdy(Cy & Dy)

JyAy

- Vz(Hz — Az)

Ha

JdyAy

Vz (Hz — Az)
Ha — Aa

Aa

Jy(Cy & Dy)
Cc & Dc

Dc

VxVy (Fx — ~Gy)
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SHOW ~3Ix(Fx & Gx) ID
| Ix(Fx & Gx) | AID
| sHow ! | DD
| mmmmmmme - |
| | Fa & Ga | | 3, 3JE
| | Fa | | 5, &E
| | Vy(Fa --> ~Gy) | | 1, VE
| | Fa --> ~Ga | | 7, VE
| | ~Ga | | 6, 8, »F
| | Ga | | 5, &E
| | ! | | 9, 10, 'I
| mmmmemmmneeeee |
vx3dy (Dx <> Fy) P
SHOwW VxFx — VyDy CD
| VxFx | ACD
| SHOW VyDy | UD
| mmmmememeeeeeeees |
| | SHOW Da | | DD
| | mmemmeemeemneees N
| | | ly(Da <--> Fy) | | | 1, VE
| | | Da <--> Fb | | | 6, JE
| | | Fb | | | 3, VE
| | | Da [ || 7, 8, <F
| | =mmmmmmmm e ||
| - |
VxVy(Rx <> Wy) P
Jdx(Rx V Wx) P
SHOW VzRz UD
| SHOW Ra | DD
R T |
| | Rb V Wb | | 2, 3E
| | SHOW Wb — Ra | | €D
| | mmmmmemeeemcemanes N
| | | Wb | | | ACD
I I I SHOW Ra I I I DD
| | | | vy(Ra <> Wy) | | | | 1, VE
| | | | Ra < Wb | 111 9, VE
| | | | Ra ||| 7, 10 ©E
I T B (N
| | mmmmmmmmmm e | |
| | SHOW Rb — Ra | | €D
| | mmmmmmmmmm e | |
| | | Rb | | | ACD
I I I SHOW Ra I I I DD
[ | || vy@Rb <> Wy) | | || 1, VE



16. | | | | Rb < Wb |1
7. | [ | | wb ||
18. | | | | Ra |1
[ R — nn
[ L ———— N
19. | | Ra | |
R |
9. 1 -SHOW ~3xLx <> Vx~Lx
2. | -SHOW ~3JxLx — Vx~Lx
| ____________________________
3. | | -3xLx
4. | | -SHOW vx~Lx
[
5. | | | -SHOW ~La
[ —
6. | | | | La |
7. | | | | -SHOW ! |
I N |
8. | | | | | 3xLx | |
9. | [ I! ||
I T B |
| || == -
| | e
| ____________________________
10. | -SHOW Vvx~Lx — ~3xLx
| ____________________________
11. | | vx~Lx
12. | | -SHOW ~-3xLx
| | mmmmmmm e
13. | | | 3xLx
14. | | | -SHOW !
| || === -
15. | | | | Lb |
16. | | | | ~Lb [
.o |
I N R |
| || mmmmmmmmm e
| | e
| ____________________________
18. | ~3xLx < Vx~Lx
Exercises 9-7
1. 1. VxVyl[Fxy — (Gx V Hy)]
2. Frs & ~Hs
3 SHEW Gr
4. |Frs |
5. | Vyl[Fry — (Gr V Hy)] |
6. | Frs > (Gr V Hs) |

CD

ACD

UD

ID

CD

ACD

ID

AID

DD

13,
11,
15,

3E
VE
16,

10,

'1

And!
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11.
12.

13.
14.

15.
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Jx3Jy (Pxy V Pyx)
SHOW dxdyPxy

dy(Pay V Pya)
Pab V Pba
SHew Pab — dxdyPxy

Pab
SHOW dJxdyPxy

|
|
|
| | 3yPay
|
|

Pba
SHOW dxdyPxy

IxVyFxy

SHEW VxBxx

1, 31
3, 31

| D

| oD

ACD
DD

11, 31
13, 3I

4, 5, 10, SC

CD

ACD
UuD

DD

5, VE
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10.
11.
12.
13.
14.
15.
16.
17.
18.

(S0

N

| | | Yy(Bay V Bya) | | | 1, VE
| | | Baa V Baa | | | 6, VE
| | | Baa | || 4,7, VE
I ]! 1] 4,8, !I
. N
| |
VxVyVvz[ (Cxy & Cyz) — Cxz] P
VxVy(Cxy — Cyx) P
SHOWVx (~Cxx — Vy~Cxy) UD
| SHOW ~Caa — Vy~Cay | CD
| e e |
| | ~Caa | | ACD
| | SH6W Vy~Cay | | UD
T |
| | | sHOw ~Cab | | | ID
T e ]|
| | | | Cab | | | | AID
| | | | SHOW ! | | | | DD
I RN
| | | | | vy(Cay - Cya) | I [ 11 2, VE
| I | | | Cab > Cha 1| || 10, VE
| | | | | Cha 1111 8 11, »E
| | | | | Cab & Cba L1 8, 12, &I
| | | | | Vyvz[(Cay & Cyz) — Caz] | | | | | 1. VE
| | | | | vz[(Cab & Cbz) — Caz] | | | | | 14, VE
| | | | | (Cab & Cba) — Caa | | | | | 15, VE
| | | | | Caa 1| || 13, 16, ~E
R L 5,17, I
[ I T RRR
T RN
| ] mmmmm e 1]
R —,———— N
| |
SHOW Vxdy (Rxy <> Rxx) UD
| SHOW Jy(Ray <> Raa) | DD
| mmommmmmmmmmoemoeemoeee |
| | SHOW Raa — Raa | | CD
- N
| | | Raa | | | ACD
| | | SHOW Raa | | | DD
I et |1
| | | | Raa 111 4 R
| | [ == |1
| | - ||
| | Raa < Raa | | 3, «<I
|



