
Exercise 7.4

2. -E v (G. W)
3.-Pv-W /-E
4. (-E v B) . (-E v P) 1, Dist
5. (-EvP).(-EvB) 4, Com
6. -EvP 5, Simp
7.(-EvG).(-EvW) 2, Dist
8. (-E v W). (-E v G) 7, Com
9. -E v W 8, Simp

10. (-EvP). (-E vW) 6,9, Conj
11. -E v (p. W) 10, Dist
12. (p. W) v -E 11, Com
13. -(P . W) 3, DM
14. -E 12, 13, DS

Exercise 7.4
Part I

1. G~Q 3 9. D=H 1

2. (R. S) ~ N 1 10. S ~ G 3

3. -P~-H 2 11. J~F 2

4. B = N 1 12. (C. H) ~ A 3

5. A 2 13. W = -T 2

6. -Q ~ -L 3 14. (K ~ 1\-:1) = S 1

7. --CvF 1 15. S~D 1

8. G~(N~Z) 2

Part II

1. J~M 1, Imp! 5. (G~B).(H~C) I,Trans
2, 3, HS 2, 3, CD

2. J~(F~N) I,Exp 6. (J.M)~Q I,Exp
2, 3, MP 2, 3, MP

3. (C~A).(A~C) 1, 2, Conj 7. H~(C~R) 1, Imp!
3, Equiv 2, Exp

4. KvK 1,2, CD 8. T~G 1, Trans
3, Taut 2, 3, HS
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9. (K.A)=>F I,Exp 13. (N=>A).(A=>N) 1, Trans
2, 3, MT 2, Equiv

10. -H v -H 1, Imp! 14. (E. R) v (-E. -R) 1, Add
2, Taut 2, Equiv

11. -Sv-K 1, Add 15. Q~(G~W) 1, Trans
2, Imp! 2, Exp

12. (M. M) =>D 1, Exp
2, Taut

Part III

(1) 1. (S. K) ~ R
2. K I S ~ R
3. (K. S) => R 1, Com
4. K => (S => R) 3, Exp
5. S => R 2, 5, MP

(2) 1. G=>E
2. H => -E I G ~ -H
3.-E=>-H 2, Trans
4. E => -H 3, DN
5. G => -H 1, 4, HS

(3) 1. -NvP
2. (N => P) => TIT
3. N=>P 1, Imp!
4. T 2, 3, MP

(4) I.(B~M).(D~M) "
2. B v DIM
3. MvM 1,2, CD
4. M 3, Taut

(5) I.Q=>(F~A)
2. R => (A~F)
3. Q.R IFEA
4. Q 3, Simp
5.F~A I,4,MP
6. R. Q 3, Com
7. R 6, Simp
8.A~F 2,7,MP
9. (F~ A). (A~F) 5,8, Conj

IO.FEA 9, Equiv
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(6) I.(B::>G)e(F::>N)
2. -(G e N) / -(B e F)

3. -Gv-N 2, DM
4. (-G::> -B) e (-N::> -F) 1, Trans
5. -B v -F 3, 4, CD
6. -(Be F) 5, DM

(7) 1. (J e R) ::> H
2. (R ::> H) ::> M
3.-(pv-J) /Me_p
4. J::> (R::> H) 1, Exp
5. J ::> M 2, 4, HS
6. -p e J 3, DM, DN

7. -p 6, Simp
8. J 6, Com, Simp
9. M 5, 8, MP

IO.Me-p 7, 9, Conj

(8) 1. T / S ::> T
2. Tv-S 1, Add
3. -S v T 2, Com
4. S ::> T 3, Imp!

(9) 1. (0 ::> C) e (-S ::>-D)
2. (E::> D) e (-E::> -C) /0::> S

3.0::>C 1, Simp
4. -S ::> -D 1, Com, Simp
5. D::> S 4, Trans
6. E::> D 2, Simp
7. -E ::> -C 2, Com, Simp
8. C::> E 7, Trans
9. 0::> E 3, 8, HS

IO.O::>D 6,9,HS
11.0::> S 5,10, HS

(10) 1. _(Ue W)::> X
2. U ::> -U / -(V v -X)
3.-Uv-U 2, Imp!
4. -u 3, Taut
5. -U v -W 4, Add
6. -(U e W) 5, DM
7. X 1,6, MP
8. -U e X 4, 7. Conj

9. -Ue --X 8, DN
10. -(V v -X) 9, DM
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(11) 1. T =>R
2. T => -R / -T
3. R => -T 2, Trans, DN
4.T=>-T 1,3,HS
5. -T v -T 4, Impl
6. -T 5, Taut

(12) 1. S v-N
2. -S v Q / N => Q
3. -N v S 1, Com
4. N => S 3, Impl
5. S => Q 2, Impl
6. N => Q 4, 5, HS

(13) 1. M => (U? H)
2. (H v -U) => F / M => F
3. (-UvH)=>F 2, Com
4. (U => H) => F 3, Impl
5. M => F 1, 4, HS

(14) 1. -RvP
2. R v -P / R = P
3.R=>P 1, Impl
4. -P v R 2, Com
5. P => R 4, Impl
6. (R => P) . (P => R) 3, 5, Conj
7. R = P 6, Equiv

(15) 1. -B => H
2. -D => H
3. -(B. D) /H
4. -B v -D 3, DM
5. (-B => H). (-D => H) 1,2, Conj
6. H v H 4, 5, CD
7.H 6, Taut

(16) 1. J => (G => L) / G => (J => L)
2. (J. G) => L 1, Exp
3. (G. J) => L 2, Com
4. G => (J => L) 3, Exp
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(17) I.S:J(LoM)
2. M :J (L :J R) I S :J R
3. (M 0 L) :J R 2, Exp
4. (L 0 M):J R 3, Com
5. S :J R 1,4, HS

(18) I.F:J(AoK)
2.G:J(-Ao-K)
3.FvG IA=K
4. [F :J (A 0 K)] 0 [G:J (-A 0 -K)] 1,2, Conj

5. (A 0 K) v (-A 0 -K) 3,4, CD
6. A = K 5, Equiv

(19) 1. (I:J E):J C
2. C :J -C I I
3. -C v -C 2, lmpl
4. -C 3, Taut
5. -(I :J E) 1, 4, MT
6. -(-I v E) 5, lmpl
7. I 0 -E 6, DM, DN
8.1 7, Simp

(20) I.T:JG
2. S :J G I (T v S) :J G
3. -T v G 1, lmpl
4. -S v G 2, lmpl
5. (-T v G) 0 (-S v G) 3,4, Conj
6. (-T 0 -S) v G 5, Com, Dist, Com
7. -(T v S) v G 6, DM
8. (T v S) :J G 7, Impl

(21) I.H:JU IH:J(UvT)
2.-H v U 1, Impl
3.(-HvU)vT 2, Add
4. -H v (U v T) 3, Assoc
5. H:J (U v T) 4, Impl

(22) 1. Q:J (W 0 D) I Q:J W
2. -Q v (W 0 D) 1, Impl
3. (-Q v W) 0 (-Q v D) 2, Dist

4. -QvW 3, Simp
5. Q :J W 4, lmpl
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(23) 1. P ~ (-E ~ B)
2. -(B v E) / -P
3.-(EvB) 2, Com
4. -(-E ~ B) 3, DN, Impl
5. -P 1,4, MT

(24) 1. (G~J)~(H~Q)
2. J - -Q / -H
3. J 2, Simp
4. J v -G 3, Add
5. -GvJ 4, Com
6. G~J 5, Impl
7.H~Q 1,6,MP
8. -Q 2, Com, Simp
9. -H 7, 8, MT

(25) I.Iv(N-F)
2. I ~ F / F
3. (I v N) - (I v F) 1, Dist
4. I v F 3,.Com, Simp
5. -I~F 4, DN, Impl
6. -F ~ -I 2, Trans
7. -F ~ F 5,6, HS
8. F v F 7, Impl, DN
9. F 8, Taut

(26) 1. K == R
2. K ~ (R ~ P)
3. -P /-R
4. (K - R) v (-K - -R) 1, Equiv
5. (K - R) ~ P 2, Exp
6. -(K - R) 3, 5, MT
7. -K - -R 4, 6, DS
8. -R - -K 7, Com

9. -R 8, Simp

(27) 1. C ~ (-L ~ Q)
2. L ~ -C
3.-Q /-C
4. (C - -L) ~ Q 1, Exp
5. -(C - -L) 3, 4, MT

6. -C v --L 5, DM
7. -C v L 6, DN
8. C ~ L 7, Imp!
9.C~-C 2,8,HS
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10. -C v -C 9, Impl
11. -C 10, Taut

(28) 1. (E~ A) 0 (F ~ A)

2.EvG
3.Fv-G fA
4.-EvG 2,DN
5. -E ~ G 4, Impl
6.-FvG 3,DN
7. -F ~ -G 6, Impl
8. G ~ F 7, Trans
9.-E~F 5,8, HS

10.-EvF 9,lmpl
II.EvF 10,DN
12. Av A I,ll, CD
13. A 12, Taut

(29) 1. (F 0 H) ~N
2.Fv S
3. H f N v S
4.(HoF)~N 1, Com
5. H~(F ~N) 4, Exp
6. F ~ N 3, 5, MP
7. -N ~ -F 6, Trans

8.-FvS 2,DN
9. -F ~ S 8, Impl

10. -N ~ S 7, 9, HS

11. --N v S 10, Impl
12.NvS II,DN

(30) 1. T ~ (H 0 J)
2. (H v N) ~ T f T = H

3. -T v (H 0 J) 1, Impl
4. (-T v H) 0 (-T v J) 3, Dist
5. -T v H 4, Simp
6. T ~ H 5, Impl
7. -(H v N) v T 2, Impl
8. (-Ho-N)vT 7,DM
9. T v (-H 0 -N) 8, Com

10. (T v -H) 0 (T v -N) 9, Dist
11. (-H v T) 0 (T v -N) 10, Com
12. -H v T 11, Simp
13. H ~ T 12, Impl
14. (T ~H) 0 (H~T) 6,13, Conj
15. T = H 14, Equiv
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(31) 1. T~-(A~N)
2. T v NIT = -N
3. -T v -(A ~ N) 1, ImpI
4. -Tv-(-AvN) 3, Imp!
5. -T v (A 0 -N) 4, DM, DN
6. (-T v A) 0 (-T v -N) 5, Dist

7. -T v -N 6, Com, Simp
8. T ~ -N 7, ImpI
9. N v T 2, Com

IO.-N~T 9, DN, ImpI
11. (T ~ -N) 0 (-N ~ T) 8, 10, Conj
12. T = -N 11, Equiv

(32) 1. (D ~ E) ~ (E ~ D)
2. (D = E) ~ -(G 0 -H)
3.EoG IGoH
4. E 3, Simp
5. Ev-D 4, Add
6. -DvE 5, Com
7. D ~ E 6, Imp!
8. E ~ D 1,7, MP
9. (D ~ E) 0 (E => D) 7,8, Conj

IO.D=E 9, Equiv

II.-(Go-H) 2, IO,MP
I2.-GvH II,DM,DN
13. G 3, Com, Simp
14. H 12, 13, DN, DS
15. Go H 13, 14, Conj

(33) 1. (0 => R) ~ S
2. (P => R) => -S I -R
3. S => -(P => R) 2, Trans
4. (0 => R) => -(P => R) I, 3, HS
5. -(0 => R) v -(P => R) 4, ImpI
6. -(-0 v R) v -(-P v R) 5, ImpI
7. (00 -R) v (P 0 -R) 6, DM, DN
8. (0 v P) 0 -R 7, Com, Dist, Com

9. -R 8, Com, Simp

(34) 1. (L v P) => U
2. (M => U) ~ I
3. P I I
4. P v L 3, Add
5. L v P 4, Com
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6. U 1, 5, MP
7. U v -M 6, Add
8. -M v U 7, Com
9. M :) U 8, Imp!

10. I 2, 9, MP

(35) 1. A=W
2. -Av-W
3. R:) A I-(W v R)
4. (A 0 W) v (-A 0 -W) 1, Equiv
5. -(A 0 W) 2, DM
6. -A 0 -W 4, 5, DS

7.-A 6, Simp
8. -R 3, 7, MT

9. -W 6, Com, Simp
10. -W 0 -R 8,9, Conj

11. -(W v R) 10, DM

(36) 1. (S v T):) (S:) -T)
2. (S :) -T):) (T :) K)
3. S v TIS v K
4. S:) -T 1,3, MP
5. T :) K 2, 4, MP
6. -S :) T 3, DN, Imp!
7. -S:) K 5,6, HS
8. S v K 7, Imp!, DN

(37) I.G=M
2.GvM
3.G:)(M:)T) IT
4. (G 0 M) v (-G 0 -M) 1, Equiv
5. -(-G 0 -M) 2, DN, DN, DM
6. G 0 M 4, 5, Com, DS
7. (G 0 M) :) T 3, Exp

8. T 6, 7, MP

(38) 1.0:) (Q 0 N)

2. (N v E) :) S I 0 ::) S
3. -0 v (Q 0 N) 1, Imp!
4. (-0 v Q) 0 (-0 v N) 3, Dist

5. -0 v N 4, Com, Simp
6. 0 :) N 5, Imp!
7. -(N v E) v S 2, Imp!
8. (-No-E)vS 7,DM
9. (-N v S) 0 (-E v S) 8, Com, Dist, Com
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Exercise 7, 4 i i'
. ::10. -N v S 9, Simp ;;

11. N ~ S 10, Imp!
12.0~S 6,11,HS

(39) 1. H = I
2. H ~ (I ~ F)
3.-(HvI)~F IF
4. (H 01) v (-H 0 -I) 1, Equiv
5. (H 0 I) ~ F 2, Exp

6.(-Ho-I)~F 3,DM
7. [(HoI)~F]o[(-Ho-I)~F] 5,6,Conj
8. F v F 4, 7, CD
9. F 8, Taut

(40) 1. P ~ A
2. Q~B I(PvQ)~(AvB)
3. -P v A 1, Imp!
4. -Q v B 2, Imp!
5. (-P v A) v B 3, Add
6. (-Q v B) v A 4, Add
7.-Pv(AvB) 5, Assoc
8. -Q v (A v B) 6, Assoc, Com
9. [-P v (A v B)] 0 [-Q v (A v B)] 7,8, Conj

10. (-P 0 -Q) v (A v B) 9, Com, Dist

11.-(PvQ)v(AvB) 10,DM
12. (P v Q) ~ ( A v B) 11, Imp!

Part IV

(1) 1. D ~ C
2. -(C 0 -S) I D ~ S
3. -Cv-S 2, DM
4. C ~ --S 3, Imp!
5. C ~ S 4, DN
6. D ~ S 1, 5, HS

(2) 1. C ~ (D 0 M)

2. -M I-C
3. -M v -D 2, Add
4. -D v -M 3, Com
5. -(D 0 M) 4, DM

6. -C 1, 5, MP

,
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(3) 1. -(M v S) / S ~ U
2. -M. -S 1, DM
3. -S . -M 2, Com

4. -S 3, Simp
5. -S v U 4, Add
6. S ~ U 5, Impl

(4) 1. D ~ P / (1. D) ~ P
2. -D v PI, Impl
3. (-D v P) v -I 2, Add
4. -1 v (-D v P) 3, Com
5. (-I v -D) v P 4, Assoc
6. -(I . D) v P 5, DM
7. (I. D) ~ P 6, Impl

(5) 1. (E v P) ~ U / E ~ U
2. -(E v P) v U 1, Impl
3. (-E.-P)vU 2,DM
4. U v (-E. -P) 3, Com
5. (U v -E) . (U v -P) 4, Dist
6. U v -E 5, Simp
7. -E v U 6, Com
8. E ~ U 7, Imp!

(6) 1. (W . C) ~-S

2. W /C~-S

3.W~(C~-S) I,Exp
4. C ~ -S 2, 3, MP

(7) 1. G~A
2. G~L /G~(A.L)
3. -G v A 1, Imp!
4. -GvL 2, Impl
5. (-Gv A). (-Gv L) 3,4, Conj
6. -G v (A . L) 5, Dist

7.G~(A.L) 6, Impl

(8) 1. S :) (D . I)
2. S v (U . D) / D

3.-Sv(D.I) 1, Imp!
4. (-S v D) . (-S v I) 3, Dist
5. -S v D 4, Simp
6. S ~ D 5, Imp!
7. (S v U) . (S v D) 2, Dist
8. (S v D) . (S v U) 7, Com
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9. S v D 8, Simp
10.-S ::J D 9, DN, Impl
11. -D::J -S 6, Trans
12. -D::J D 10,11, HS
13. D v D 12, Impl, DN
14. D 13, Taut

(9) 1. T::J (G::J R) / -R::J (G::J -T)

2.-Tv(G::JR) 1, Impl
3. -T v (-Gv R) 2, Impl
4. (-T v -G) v R 3, Assoc
5. Rv(-Tv-G) 4, Com
6. Rv(-Gv-T) 5, Com
7. -R::J (-G v -T) 6, DN, Impl
8. -R::J (G ::J -T) 7, Impl

(10) 1. (A. U) =-R
2. -(-R v -A) /-U
3. [(A. U) ::J -R] . [-R::J (A. V)] 1, Equiv
4. (A . U) ::J -R 3, Simp

5. --R. --A 2, DM
6. --R 5, Simp
7. -(A. U) 4, 6, MT
8.-Av-U 7,DM
9. --A .- -R 5, Com

10. --A 9, Simp
11. -U 8, 10, DS

Exercise 7.5
Part I

(1) I.N::JO
2. N ::J P / N ::J (0 . P)

3. N ACP
4. 0 1, 3, MP
5. P 2, 3, MP
6. 0 . P 4, 5, Conj

7.N::J(0.P) 3-6,CP

(2) 1. F ::J E
2. (F . E) ::J R / F ::J R

3, F ACP
4. E 1, 3, MP
5. F . E 3, 4, Conj
6. R 2, 5, MP

7.F::JR 3-6,CP
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(3) I.G=>T
2. (T v S) => K / G => K

3. G ACP
4.T 1,3,f\.n>
5. Tv S 4, Add
6. K 2, 5, f\.n>

7. G => K 3-6, CP

(4) 1.(GvH)=>(SoT) I
2. (T v U) => (C 0 D) / G => C /

3. G ACP
4. GvH 3, Add
5.SoT 1,4,f\.n>
6. T 5, Com, Simp
7. T v U 6, Add
8.CoD 2,7,f\.n>
9. C 8, Simp

10. G => C 3-9, CP

(5) 1. A=>-(AvE) /A=>F
2. A ACP

3.-(AvE) I,2,MP
4. -A 0 -E 3, DM

5. -A 4, Simp
6. AvF 2, Add
7. F 5,6, DS

8. A => F 2-7, CP

(6) 1. J => (K => L)
2. J => (M => L)
3. -L/J=>-(KvM)

4. J ACP
5. K => L 1, 4, f\.n>
6. M => L 2, 4, MP
7. -K 3, 5, MT
8. -M 3, 6, MT
9. -K 0 -M 7, 8, Conj

IO.-(KvM) 9,DM
11. J => -(K v M) 4-10, CP

(7) 1. M v (N 0 0) / -N => M

2. -M ACP
3. No 0 1,2, DS
4. N 3, Simp

5. -M=>N 2-4, CP
6. -N => M 5, Trans, DN
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(8) I.P:)(QvR)
2. (P :) R) :) (S . T)
3.Q:)R IT

4. P ACP ;
5. Q v R 1,4, !'v1P
6. RvQ 5, Com
7. -R:) Q 6, DN, Imp! (
8. -R:) R 3,7, HS \
9.RvR 8, Imp!,DN

10. R 9, Taut
11. P :) R 4-10, CP
12. S . T 2, Il,!'v1P
13. T 12, Com, Simp

(9) I. H:) (I.:) N)
2. (H :) -I) :) (M v N)
3. -N 1M

4. H ACP
5.I:)N 1, 4, !'v1P
6. -I 3, 5, MT

7. H :) -I 4-6, CP
8. M v N 2, 7, !'v1P
9. M 3,8, Com, DS

(10) 1. C:)(A. D)
2. B :) (A . E) I (C v B) :) A

3.CvB ACP
4. [C :) (A . D)] . [B :) (A. E)] 1, 2, Conj
5. (A. D) v (A . E) 3, 4, CD
6. A. (D v E) 5, Dist
7. A 6, Simp

8. (C v B) :) A 3-7, CP

(11) I.M:)(K:)L)
2. (L v N) :) JIM:) (K :) 1)

3. M ACP
4. K ACP
5. K:) L 1,3, !'v1P
6. L 4, 5, MP
7. Lv N 6, Add
8.J 2,7,!'v1P

9. K :) J 4-8, CP
10. M:) (K:) 1) 3-9, CP
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(12) 1. F:) (G. H) / (A:) F):) (A:) H)
2. A:)F ACP

3. A ACP
4. F 2, 3, MP
5. G. H 1,4, MP
6. H 5, Com, Simp

7. A:)H 3-6, CP
8. (A:) F):) (A:) H) 2-7, CP

(13) 1. R:) B
2. R :) (B :) F)
3. B:) (F:) H) / R:) H

4. R ACP
5. B 1,4, MP
6. B :) F 2, 4, MP
7.F 5,6,MP
8. F :) H 3, 5, MP
9. H 7,8, MP

10. R:)H 4-9, CP

(14) 1. (F. G) = H
2. F :) G / F = H
3. [(F. G) :) H] . [H:) (F . G)] 1, Equiv

4. F ACP
5. G 2, 4, MP
6. F . G 4, 5, Conj
7. (F . G) :) H 3, Simp
8.H 6,7,MP

9. F :) H 4-8, CP
10. H ACP

II.H:)(F.G) 3, Com, Simp
12. F. G 10, 11, MP
13. F 12, Simp

14. H:) F 10-13, CP
15. (F:) H) . (H :) F) 9, 14, Conj

16.F=H 15, Equiv

(15) 1. C:) (0 v -E)
2. E:) (D :) F) /C :) (E :) F)

3. C ACP
4. E ACP
5. 0 v -E 1, 3, MP
6. 0 4, 5, Com, ON,.oS
7.0:)F 2, 4, MP
8. F 6, 7, MP

9. E:) F 4-8, CP
10. C :) (E:) F) 3-9, CP
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(16) 1. Q ::) (R::) S)
2. Q ::) (T ::) -V)
3.U::)(RvT) /Q::)(u::)S)

4. Q ACP
5. U ACP
6. R::) S 1, 4, MP
7. T::) -U 2,4, MP
8.-T 5,7,DN,MT
9. R v T 3, 5, MP

10. R 8,9, Com, DS
11. S 6, 10, MP

12.U::)S 5-11,CP
13. Q::) (U::) S) 4-12, CP

(17) 1. N::) (0. P)
2. Q ::) (R . S) / (P ~ Q) ::) (N ~ S)

3. P~Q ACP
4. N ACP
5.0.P 1,4,MP
6. P 5, Com, Simp
7. Q 3,6, MP
8. R. S 2,7, MP
9. S 8, Com, Simp

10.N~S 4-9,CP
11. (P::) Q) ~ (N ~ S) 3-10, CP

(18) 1. E::) (F::) G)
2. H::) (G ~ I)
3. (F::) I) ::) (J v -H) / (E . H) ~ J

4. E . H ACP

5. E 4, Simp
6. F ::) G 1, 5, MP
7. H 4, Com, Simp
8. G::) I 2,7, MP
9.F::)I 6,8,HS

10.Jv-H 3,9,MP
11.J 7, 10, DN, Com, DS

12. (E. H)::)J 4-11, CP

(19) 1. P::) [(L v M)::) (N. 0)]
2. (0 v T) ::) W / P ~ (M ::) W)

3. P ACP
4. M ACP
5. (L v M) ~ (N . 0) 1,3, MP
6. M v L 4, Add
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7. Lv M 6, Com
8.NoO 5,7,MP
9. 0 8, Com, Simp

10. 0 v T 9, Add
II. W 2, 10, MP

12.M~W 4-II,CP
13.P~(M~W) 3-12,CP

(20) 1. A ~ [B ~(C ° -D)]
2. (B v E) ~ (D v E) / (A ° B) ~ (C ° E)

3. A ° B ACP
4. A 3, Simp
5. B ~ (C ° D) 1,4, MP
6. B 3, Com, Simp
7. C ° -D 5, 6, MP
8. C 7, Simp
9. -D 7, Com, Simp

10. B v E 6, Add
11. D v E 2, 10, MP
12. E 9, II, DS
13.CoE 8,I2,Conj

14. (A ° B) ~ (C ° E) 3-13, CP

Part II

(1) I.H~D
2. U ~ S / (H ° U) ~ (S ° D)

3. H ° U ACP
4. H 3, Simp
5. D 1,4, MP
6. U 3, Com, Simp
7. S 2, 6, MP
8.SoD 5,7,Conj

9. (H 0 U) ~ (S ° D) 3-8, CP

(2) 1. P ~ (1 ~ W)
2. I ~ (W ~ -S) / P ~ (1 ~-S)

3. P ACP
4. 1 ACP
5. 1 ~ W I, 3, MP
6. W ~ -S 2, 4, MP
7.1~-S 5,6,HS
8. -S 4, 7, MP

9.1~-S 4-8,CP
10. p.~ (I ~ -S) 3-9, CP
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(3) I.D=(S~F)
2. R ~ (D . P)

3.S IR~F
4. R ACP
5. D . P 2, 4, MP
6. D 5, Simp
7. [D ~ (S ~ F)] . [(S ~ F) ~ D] 1, Equiv

8. D ~ (S ~ F) 7, Simp
9. S ~ F 6, 8, MP

10. F 3,9, MP
11. R~F 4-10, CP

(4) 1. J ~ D
2. (J . D) ~ C
3. (N. C) ~ I 1 J ~ (N ~ I)

4. J ACP
5. N ACP
6. D 1,4, MP
7. J . D 4, 6, Conj
8.C 2,7,MP
9. N. C 5, 8, Conj

10. I 3,9, MP
11. N ~ I 5-10, CP

I2.J~(N~I) 4-II,CP

(5) I.A~H
2. (FvW)~L I(H~F)~(A~L)

3. H~F ACP
4. A ACP
5. H 1,4, MP
6. F 3, 5, MP
7. F v W 6, Add
8.L 2,7,MP
9. A ~ L 4-8, CP

10. (H~F)~(A~L) 3-9, CP

Exercise 7.6
Part I

(1) 1. (SvT)~-S 1-8
2. 8 AlP
3. 8 v T 2, Add
4. -8 1, 3, MP
5. S . -8 2,4, Conj

6. -8 2-5, IF
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(2) 1. (K :) K) :) R
2. (R v M) :) N / N

3. -N AIP
4. -(R v M) 2, 3, MT
5. -R 0 -M 4, DM

6. -R 5, Simp
7. -(K :) K) 1, 6, MT
8. -(-K v K) 7, Imp!
9.Ko-K 8, DM, DN

10. N 3-9, IP, DN

(3) 1. (C 0 D):) E
2. (D 0 E) :) F / (C 0 D) :) F

3. CoD ACP
4. E 1, 3, MP
5. D 3, Com, Simp
6. DoE 4, 5, Conj
7. F 2, 6, MP

8. (C 0 D) :) F 3- 7, CP

(4) I.H:)(L:)K)
2. L:)(K:)-L) /-Hv-L

3. H 0 L AIP
4. H 3 Simp
5. L :) K 1, 4, MP
6. L 3, Com, Simp
7. K :) -L 2, 6, MP
8. K 5, 6, MP
9.-L 7,8,MP

10. L 0 -L 6,9, Conj

II.-(HoL) 3-IO,1P
12. -Hv-L 11, DM

(5) 1. S:) (T v-o)

2.U:)(-TvR)
3. (S 0 0) :) -R / -S v -U

4. -(-S v -0) AIP
5. SoU 4, DM, DN
6. -R 3, 5, MP
7. S 5, Simp
8. U 6, Com, Simp
9. Tv-U I,7,MP

10. -T v R 2, 8, MP
11. -T 6,10, Com, DS
I2.-U 9,II,DS
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13. 00_0 8, 12, Conj
14. -(-S v -0) 4-13, IP
15. -S v -0 14, DN

(6) 1. -A:) (B 0 C)

2. 0:) -C /0 :J A
3. D ACP
4. -C 2, 3, MP

5. -C v -B 4, Add

6. -B v -C 5, Com
7. -(B 0 C) 6, DM

8.A I, 7, MT, DN
9. D :) A 3-8, CP

(7) 1. (E v F):) (C 0 D)

2. (D v G) :) H
3.EvG /H

4. -H AlP
5. -(D v G) 2, 4, MT
6. -D 0 -G 5, DM

7. -D 6, Simp
8.-0v-C 7, Add
9. -C v -D 8, Com

10. -(C 0 D) 9, DM

11.-(EvF) I,IO,MT
12.-Eo-F II,DM
13. -E 12, Simp
14. G 3, 13, DS

15. -G 6, Com, Simp
16. Go -G 14, 15, Conj

17. H 4-16, IP, ON

(8) 1. -M:) (N 0 0)

2. N:) P
3. 0:) -P / M

4. -M AlP
5. N 0 0 1,4, MP
6. N 5, Simp
7. P 2,6, MP
8.-0 3, 7, DN, MT
9. 0 5, Com, Simp

10. 00-0 8,9, Conj
11. M 4-10, JP, DN
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(9) 1. (R v S) ::> T
2. (P v Q) ::> T
3.RvP IT

4. R ACP
5. R v S 4, Add
6. T 1, 5, MP

7. R::> T 4-6, CP
8. P ACP
9. P v Q 8, Add

10. T 2,9, MP
11. P ::> T 8-10, CP
12. (R::> T) . (P ::> T) 7, 11, Conj
13. Tv T 3, 12, CD
14. T 13, Taut

(10) 1. K IS::> (T::> S)
2. S ACP
3. S v -T 2, Add
4. -T v S 3, Com
5. T::> S 4, lmpl

6. S ::> (T ::> S) 2-5, CP

(11) 1. (AvB)::>C
2. (-A v D)::> E I C v E

3. -C ACP
4. -(A v B) 1,3, MT
5. -A. -B 4, DM
6. -A 5, Simp
7.-AvD 6, Add
8.E 2,7,MP

9. -C ::> E 3-8, CP
10. C v E 9, Impl, DN

(12) 1. (K v L)::> (M. N)
2. (N v 0) ::> (P . -K) I -K

3. K AIP
4. K v L 3, Add
5. M . N 1,4, MP
6. N 5, Com, Simp
7. N v 0 6, Add
8.P.-K 2, 7, MP
9. -K 8, Com, Simp

10. K. -K 3,9, Conj
11. -K 3-10, lP



Exercise 7.6

(13) 1. [C:) (D :)C)]:) E IE
2. C ACP
3.Cv-D 2, Add
4. -D v C 3, Com
5. D :) C 4, Imp!

6. C :) (D :) C) 2-5, CP
7.E I,6,MP

(14) 1. PI (G:) H) v (-G:) J)
2. G 0 -H ACP
3. G 2, Simp
4. G v J 3, Add
5. -G:)J 4, ON, Imp!

6. (G 0 -H):) (-G:) J) 2-5, CP
7. -(G 0 -H) v (-G:) J) 6, Imp!

8. (-GvH)v(-G:)J) 7,DM,DN
9. (G:)H)v(-G:)J) 8, Imp!

(15) I.B:)(KoM)
2. (B 0 M) :) (P = -P) I -B

3. B AlP
4. K 0 M 1,3, MP
5. M 4, Com, Simp
6. B 0 M 3, 5, Conj
7. P = -P 2, 6, MP
8. (P 0 -P) v (-P 0 --P) 7, Equiv
9. (P 0 -P) v (P 0 -P) 8, Com, DN

10. P 0 -P 9, Taut

II.-B 3-IO,1P

(16) I.(NvO):)(CoD)
2. (D v K) :) (P v -C)
3. (P v G) :) -(N 0 D) I-N

4. N AlP
5. N v 0 4, Add
6. CoO 1,5, MP
7. D 6, Com, Simp
8. D v K 7, Add
9. P v -C 2, 8, MP

10. C 6, Simp
II.P 9, 10, Com,DN, DS
12. P v G 11, Add
13. -(N 0 D) 3, 12, MP
14. -N v -D 13, OM
15. -0 4, 14, ON, OS
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16.00-0 7, 15,Conj
17 -N 4-16 IF. ,

(17) 1. (Ro S)=(GoH)
2. R => S
3.H=>G IR=H
4. [(R 0 S) => (G 0 H)] 0 [(G 0 H) => (R 0 S)] 1, Equiv

5. R ACP
6. S 2, 5, MP
7. R 0 S 5,6, Conj
8. (R 0 S)=> (G 0 H) 4, Simp
9.GoH 7,8,MP

10. H 9, Com, Simp
11. R => H 5-10, CP

12. H ACP
13. G 3, 12, MP
14. Go H 12, 13, Conj
15. (G 0 H) => (R 0 S) 4, Com, Simp
16. R 0 S 14, 15, MP
17. R 16, Simp

18.H=>R 12-17,CP

19.(R=>~0(H=>R) 11, 18,Conj
20. R = H 19, Equiv

(18) 1. K => [(M v N) => (P 0 Q)]
2. L => [(Q v R) => (S 0 -N)] I. (K oL) =>-N

3. K 0 L ACP
4. K 3, Simp
5. (M v N) => (P 0 Q) 1, 4, MP
6. L 3, Com, Simp
7. (Q v R) => (S 0 -N) 2, 6, MP

8. N AlP
9. N v M 8, Add

10.MvN 9, Com
II.poQ 5, IO,MP
12. Q 11, Com, Simp
13. Q v R 12, Add
14. So -N 7, 13, MP
15. -N 14, Com, Simp
16. N 0 -N 8, 15, Conj

17. -N 8-16, IF
18. (KoL)=>-N 3-17,CP
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(19) 1. A~ [(N v -N) ~ (S v T)]
2. T ~ -(F v -F) / A ~ S

3.Ao-S AIP
4. A 3, Simp
5. (N v -N) ~ (S v T) 1,4, MP

6. N ACP
7. N v N 6, Add
8. N 7, Taut

9. N ~ N 6-8, CP
10. -N v N 9, Imp)
11. N v -N 10, Com
12. S v T 5, 11, MP
13. -S 3, Com, Simp
14. T 12, 13, DS
15. -(F v -F) 2, 14, MP
16. -F 0 F 15, DM, DN

17. -(A 0 -S) 3-16, IF

18.-AvS 17, DM, DN
19. A~ S 18, Impl

(20) I.F~[(C~C)~G]
2. G~ {[H~ (E ~H)] ~ (K 0 -K)} /-F

3. F AlP
4. (C~ C) ~ G 1,3, MP

5. C ACP
6. C v C 5, Add
7. C 6, Taut

8. C ~ C 5-7, CP
9. G 4, 8, MP

10. [H ~ (E ~H)] ~ (K 0 -K») 2,9, MP
II.H -~ ACP
12. Hv-E 11, Add
13.-EvH 12, Com
14.E~H 13,lmpl

15. H ~ (E ~H) 11-14, CP
16. K 0 -K 10, 15, MP

17. -F 3-16, IF

Part II

(1) 1. (C 0 R) ~ (I 0 D)

2. R ~ -D / -C v -R
3. CoR AlP
4. 10 D 1,3, MP
5. Dol 4, Com
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6. 0 5, Simp
7.RoC 3, Com
8.R 7, Simp
9. -0 2, 8, MP

10.00-0 6,9, Conj
11. -(C 0 R) 3-10, IP

12.-Cv-R II, OM

(2) 1. (C v R):) (N 0 I)

2. (N v P) :) (I :) -C) / -C
3. C AlP
4. C v R 3, Add
5. No I 1, 4, MP
6. N 5, Simp
7. N v P 6, Add
8. I:) -C 2,7, MP
9. I 5, Com, Simp

10. -C 8,9, MP
II.Co-C 3,10,Conj

12 -C 3-11 IF. ,

(3) 1. S :) (P :) B)
2. S :) P
3. C :) (S v B) / -C v B

4. C 0 -B AIP

5. C 4, Simp
6. S vB 3, 5, MP
7. -B 4, Com, Simp
8.S 6, 7, Com, OS
9. P :) B 1, 8, MP

10. S:)B 2,9,HS 2 '
11 B 8 10 MP ';',. , ,
12.Bo-B 7,II,Conj

13. -(C 0 -B) 4-12, IP

14. -C v --B 13, OM
15. -C v B 14, ON

(4) 1. (Z:)C):)B
2. (V :) Z) :) B / B

3. -B AIP
4. -(Z:) C) 1,3, MT
5. -(-Z v C) 4, Imp)
6. --Z 0 -C 5, OM

7. --Z 6, Simp
8. -(V:) Z) 2, 3, MT

157



Exercise 7.7

9. -(-V v Z) 8, Imp!
10. --V. -Z 9, DM
11. -Z. -V 10, Com
12. -Z 11, Simp
13. -Z. --Z 7, 12, Conj

14. -B 3-13, IP
15. B 14, DN

(5) 1. (B. S) v (H. C)
2. (P v H) => S I S

3. -S AIP
4. -(P v H) 2, 3, MT
5. -p. -H 4, DM
6. -H 5, Com, Simp
7. -H v -C 6, Add
8. -(H. C) 7, DM
9. (H. C) v (B . S) 1, Com

IO.B.S 8,9,DS
11. S 10, Com, Simp
12.S.-S 3,II,Conj

13. -S 3-12 IP
14.S 13,DN

Exercise 7.7

(1) I P => [(P => Q) => Q]
1. P ACP

2. P => Q ACP
3. Q 1,2, MP

~~ 4. (P => Q) => Q 2-3, CP
5. P => [(P => Q) => Q] 1-4, CP

(2) I (-P => Q) v (P => R)
1. -[(-P => Q) v (P => R)] AIP
2. -(-P => Q). -(P => R) 1, DM
3. -(P v Q). -(-P v R) 2, Imp!, DN
4. (-P . -Q) . (P . -R) 3, DM, DN
5. -P . -Q 4, Simp
6. P . -R 4, Com, Simp
7. -P 5, Simp
8. P 6, Simp
9. p. -P 7,8, Conj

10. (-P => Q) v (P => R) 1-9, IP, DN
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(3) / P = [P v (Q . F)]
1. P ACP
2. P v (Q . P) 1, Add

3. P ~ [P v (Q . P)] 1-2, CP
4. P v (Q . P) ACP
5. (P v Q) . (P v P) 4, Dist
6. P v P 5, Com, Simp
7. P 6, Taut

8.[pv(Q.P)]~P 4-7,CP
9. {line 3}. {line 8} 3,8, Conj

10. P = [P v (Q . F)] 9, Equiv

/ (p :;) Q) :;) [(P . R) ~ (Q . R)]

1. P :;) Q ACP
2. P . R ACP
3. P 2, Simp
4. Q 1, 3, MP
5. R 2, Com, Simp
6. Q . R 4, 5, Conj

7. (p. R) :;) (Q . R) 2-6, CP
8. (p:;) Q):;) [(P. R):;) (Q. R)] 1-7, CP

/ (P v -Q):;) [(-P v R) :;) (Q:;) R)]

1. P v -Q ACP
2. -P v R ACP
3. -Q v P 1, Com
4. Q :;) P 3, Impl
5. P:;) R 2, Impl
6. Q :;) R 4, 5, HS

7. (-P v R):;) (Q:;) R) 2-6, CP
8. (P v -Q):;) [(-P v R):;) (Q:;) R)] 1-7, CP

(6) / P = [P . (Q v -Q)]

1. P ACP
2. Q ACP
3. Q v Q 2, Add
4. Q 3, Taut

5. Q :;) Q 2-4, CP
6. -QvQ ) -:; 5, Impl
7. Q v -Q 6, Com
8.P.(Qv-Q) .. I,7,Conj

9. P:;) [P . (Q v -Q)] 1-8, CP
10. p. (Q v -Q) ACP
11. P 10, Simp

12. [p. (Q v -Q)] :;) P 10-11, CP
13. {line 9} . {line l2} 9,12, Conj
14. P = [P . (Q v -Q)] 13, Equiv



Exercise 7.7

(7) / (P ~ Q) v (-Q ~ P)]
1. -[(P ~ Q) v (-Q ~ P)] AIP
2. -(P ~ Q)' -(-Q ~ P) 1, DM
3. -(-P v Q) . -(Q v P) 2, Impl, DN

4. (p. -Q)' (-Q' -P) 3, DM, DN
5. p. -Q 4, Simp
6. -Q . -P 4, Com, Simp
7. P 5, Simp
8. -P 6, Com, Simp
9.P'-P 7,8,Conj

IO.(p~Q)v(-Q~P) 1-9, IP, DN

(8) / (P ~ Q) E [P ~ (p . Q)]

1. P ~ Q ACP
2. P ACP
3. Q 1,2, MP
4. P . Q 2, 3, Conj

5. P ~ (p . Q) 2-4, CP
6. (p ~ Q) ~ [P ~ (P . Q)] 1-5, CP

7. P ~ (P . Q) ACP
8. P ACP
9. p. Q 7,8, MP

10. Q 9, Com, Simp
11. P ~ Q 8-10, CP

12. [P ~ (P . Q)] ~ (P ~ Q) 7-11, CP
13. {line 6]} . {line I2} 6, 12, Conj
14. (P ~ Q) E [P ~ (P . Q)] 13, Equiv

(9) / [(P ~ Q) . (P ~ R)] ~ [P ~ (Q . R)]
1. (P ~ Q) . (P ~ R) ACP

2. P ACP
3. P ~ Q 1, Simp
4. Q 2, 3, MP
5. P ~ R 1, Com, Simp
6. R 2, 5, MP
7. Q' R 4,6, Conj

8. P ~ (Q . R) 2-7, CP
9. [(P ~ Q) ., ~ R)] ~ [P ~ (Q . R)] 1-8, CP

(10) / [-(P . -Q) . -Q] ~-P
1. -(p. -Q)' -Q ACP
2. -(P . -Q) 1, simp
3.-PvQ 2,DM,DN
4. -Q 1, Com, Simp
5. -P 3, 4, Com, DS

6. [-(P' -Q)' -Q] ~ -P 1-5, CP
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(11) / (p::J Q) V (Q::J P)
1. -[(P::J Q) V (Q::J F)] AIP
2. -(p::J Q). -(Q::J P) 1, DM
3. -(-P v Q). -(-Q v P) 2, Impl
4. (p. -Q) . (Q . -F) 3, DM, DN
5. P . -Q 4, Simp
6. Q . -P 4, Com, Simp
7.P 5, Simp
8. -P 6, Com, Simp
9. p. -P 7,8, Conj

10. (p::J Q) V (Q::J P) 1-9, IF, DN

(12) / [P ::J (Q ::J R)] = [Q ::J (P ::J R)]
1. p::J (Q::J R) ACP

2. Q ACP
3. P ACP
4. Q ::J R 1,3, MP
5. R 2, 4, MP

6. P ::J R 3-5, CP
7. Q::J (p::J R) 2-6, CP

8. [p::J (Q::J R)]::J [Q::J (p::J R)] 1-7, CP
9. Q ::J (P ::J R) ACP

10. P ACP
11. Q ACP
12. P ::J R 9, 11, MP
13. R 10, 12, MP
14. Q::J R 11-13, CP

15. p::J (Q::J R) 10-14, CP
16. [Q::J (P ::J R)] ::J [P ::J (Q::J R)] 9-15, CP
17. {line 8}. {line 16} 8,16, Conj
18. [P ::J (Q ::J R)] = [Q ::J (P ::J R)] 17, Equiv

(13) / (P ::J Q) ::J [(P ::J -Q) ::J -P]
1. P ::J Q ACP

2. P ::J -Q ACP
3. Q::J -P 2, Trans, DN
4. P ::J -P 1, 3, HS
5. -P v -P 4, Impl

6. -P 5, Taut
7. (P ::J -Q) ::J -~) ~ 2-6, CP

8. (p::J Q)::J [(P::J -,. P] 1-7, CP
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(14) I [(P :J Q) :J R] :J [(R:J -R) :J P]
1. (P :J Q) :J R ACP

2. R :J -R ACP
3. -R v -R 2, Imp!
4. -R 3, Taut
5. -(P :J Q) 1,4, MT
6. -(-P v Q) 5, Imp!
7. P 0 -Q 6, DM, DN

8.P 7, Simp
9. (R:J -R) :J P 2-8, CP

10. [(P :J Q):J R] :J [(R:J -R) :J P] 1-9, CP

(15) I (-P v Q):J [(P V -Q):J (P = Q)]

1. -P v Q ACP
2. P v -Q ACP
3. p:J Q 1, Imp!
4. -Q v P 2, Com
5. Q :J P 4, Imp!
6. (P :J Q) 0 (Q :J P) 3, 5, Conj

7. P = Q 6, Equiv

8. (P v -Q):J (P = Q) 2-7, CP
9. (-P v Q):J [(P V -Q):J (P = Q)] 1-8, CP

(16) I-[(P:J -f) 0 (-P :J f)]
1. (p:J -P) 0 (-p:J P) AlP
2. (-P v -f) 0 (P v P) 1, Imp!, Imp!, DN
3. -P 0 P 2, Taut, Taut
4. P 0 -P 3, Com

5. -[(P :J -P) 0 (-P :J f)] 1-4, IP

(17) I p:J [(Q 0 -Q):J R]
1. P ACP

2. Q 0 -Q ACP
3. Q 2, Simp
4. Q v R 3, Add
5. -Q 2, Com, Simp
6. R 4, 5, DS

7. (Q 0 -Q):J R 2-6, CP
8. p:J [(Q 0 -Q):J R] 1-7, CP

(18) I [(P 0 Q) v R] :J [(-R v Q):J (p:J Q)]
1. (po Q)vR /~ ACP

2. -R v Q (, ACP
3. P ACP
4. (P v R) 0 (Q v R) 1, Com, Dist, Com
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5. Q v R 4, Com, Simp
6. -Q :) R 5, DN, Impl
7. R:) Q 2, Impl
8. -Q :) Q 6, 7, HS
9. Q v Q 8, Impl, DN

10. Q 9, Taut
II.P:)Q 3-10,CP

12. (-R v Q):) (P:) Q) 2-11, CP
13. [(p. Q) v R] :) [(-R v Q):) (p:) Q)] 1-12, CP

(19) / P = [P v (Q . -Q)]

I. P ACP
2. P v (Q . -Q) I, Add

3. P:) [P v (Q . -Q)] 1-2, CP
4. P v (Q . -Q) ACP

5. -P AIP
6. Q . -Q 4, 5, DS

7. P 5-6, IP, DN
8. [pv(Q.-Q)]:)P 4-7,CP
9. {line3}.{line8} 3,8,Conj

10. P = [P v (Q. -Q)] 9, Equiv

(20) / P :) [Q = (p :) Q)]
I. P ACP

2. Q ACP
3. Q v -P 2, Add
4. -P v Q 3, Com
5. P :) Q 4, Impl

6. Q :) (p :) Q) 2-5, CP
7. P :) Q ACP
8.Q 1,7,MP

9. (p :) Q) :) Q 7-8, CP
10. [Q :) (p :) Q)] . [(P :) Q) :) Q] 6,9, Conj

II.Q=(P:)Q) 10, Equiv
12. P:) [Q = (P:) Q)] I-II, CP

Exercise 8.1

I. Ce

2. -So

3. -(Iw v Is)

4. Ir v Nr

5. Di:) Dm
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