Exercises with quantifiers

I. Prove in natural deduction for intuitionistic logic:

1. VaVyA D VyVa A

2. Va(A&B) D Vz A&LVY2B

3. VA D ~d~A

4. Va(AD B) D (VaA D VaB)
5. J2(A&B) D Jx A&z B

6. VeAVvVaB D Vz(AV B)

IT. Assuming that = is not among the free variables of B, prove in natural
deduction for intuitionistic logic:

1. BOC V2B

2. BO>C 2B

3. Va(B D> A) D (B D VzA)
4. Va(AD B) DC (JzA D B)
5. BOVYaA DCVa(B D A)
6. Yo ALB DC Va2 (ALB)

7. 32(A D> B) D> (VA D B)
8. Jx(A&B) DC 2 ALB

9. V2AV B DC Vz(AV B)

ITI. Give examples justifying the variable restrictions in the rules VI and 3F.



IV. Prove = A in GO1i where A is as in Exercises I, TI.

V. Show that the following are not derivable
1. VzdyA D dyVa A
2. dzA D VzA
3. JxA&3JxB D Jx(A&B)
4. Va(AV B) DVzAVVzB

VI. Find derivations of the following, both in natural deduction for classical
logic and in the sequent calculus GOc¢

1. VeADC ~dz ~ A

2. A DC ~Vz ~A
3. If  is not free in B, Va(AV B) D AvVzB

4. If z is not free in B, (B D J2A) D J2(B D A)

Which of the above also holds in intuitionistic logic?



