
Model answers to the deductive exercises.
____________________________________

1.

   ∀xFx
       Fa
   ∃xFx

____________________________________

2.

   ∀xFx            (1)

      Fa      ¬Fa
            ⊥    (1)
         ¬¬Fa
    ∀x¬¬Fx
____________________________________

3.
      ∀x¬¬Fx
         ¬¬Fa (DNE)

     Fa
∀xFx

____________________________________



4.         (2)           (1)
    Fa      ¬Fa
           ⊥   (1)
       ¬¬Fa

   ∃xFx         ∃x¬¬Fx (2)
   ∃x¬¬Fx

____________________________________

5.
                           (2)           (1)
                ¬¬Fa      ¬Fa
                     (CR) ⊥ (1)

                        Fa
∃x¬¬Fx       ∃xFx (2)

              ∃xFx
____________________________________

6.
                        (1)
             Fa∧Ga
                 Fa

∃x(Fx∧Gx)    ∃xFx (1)
   ∃xFx

____________________________________

7.
∀x(Fx∧Gx)
    Fa∧Ga

                  Fa
     ∀xFx

____________________________________



8.
     (1)                              (1)

          Fa       Ga
          (2)                       ∃xFx              ∃xGx

Fa∨Ga   ∃xFx∨∃xGx   ∃xFx∨∃xGx (1)
∃x(Fx∨Gx)             ∃xFx∨∃xGx (2)

∃xFx∨∃xGx

____________________________________

9.
    (1)                                                      (2)

         Fa            Ga
                    (3)      Fa∨Ga                 (3)       Fa∨Ga

   ∃xFx    ∃x(Fx∨Gx) (1)   ∃xGx    ∃x(Fx∨Gx) (2)
∃xFx∨∃xGx       ∃x(Fx∨Gx)                ∃x(Fx∨Gx) (3)

∃x(Fx∨Gx)
____________________________________

10.
          ∀xFx
              Fa
        Fa∨Ga

                  ∀x(Fx∨Gx)
____________________________________

11.
                                           (1)                             (1)

                 ∀xFx               ∀xGx
            Fa                     Ga
      Fa∨Ga              Fa∨Ga

  ∀xFx∨∀xGx    ∀x(Fx∨Gx)     ∀x(Fx∨Gx) (1)
∀x(Fx∨Gx)

____________________________________



12.

∀x(Fx→Gx)          (1)
    Fa→Ga         Fa              (2)
                Ga               ¬Ga
                            ⊥  (1)
                          ¬Fa      (2)
                     ¬Ga→¬Fa
              ∀x(¬Gx→¬Fx)
____________________________________

13.
                                (1)
                     ∀yLay
                        Lab
∃x∀yLxy     ∃xLxb (1)
             ∃xLxb
        ∀y∃xLxy

____________________________________

14.
∀x∀yLxy

             ∀yLay
                  Laa
             ∀xLxx

____________________________________



15.
                               (1)
                         Laa
                     ∃yLay
∃xLxx       ∃x∃yLxy (1)
          ∃x∃yLxy

____________________________________

16.
                  (1)

∀xFx       ∀x(Fx→Gx)
   Fa               Fa→Ga
                     Ga
                ∀xGx (1)

             ∀xFx→∀xGx

____________________________________

17.
    (2)           (3)

        (3)                                           (1)             Fb      ¬Fb
    Fb                                         Ga                        ⊥
∃xFx   ∃xFx→∃xGx          Fa→Ga                      Gb (2)
           ∃xGx               ∃x(Fx→Gx) (1)           Fb→Gb
              (Dilemma) ∃x(Fx→Gx)                  ∃x(Fx→Gx) (3)

                                           ∃x(Fx→Gx)
____________________________________



18.
             (1)

                 Fa∧¬Ga    ∀x(Fx→Gx)                  (1)
                    Fa              Fa→Ga         Fa∧¬Ga
                                      Ga                   ¬Ga
   ∃x(Fx∧¬Gx)                            ⊥ (1)
                                   ⊥        (2)
                       ¬∀x(Fx→Gx)

____________________________________

19.

              (2)   
   ∀xFx      ∀x(Fx→Gx)
       Fa          Fa→Ga                 (1)
                     Ga                 ¬Ga
∃x¬Gx                      ⊥ (1)
                      ⊥    (2)

                ¬∀xFx
____________________________________

20.
    (1)      ∀x(Fx→Gx)

         Fa             Fa→Ga
                      Ga
                  ∃xGx     ¬∃xGx
                             ⊥   (1)

                            ¬Fa
                        ∀x¬Fx

____________________________________



21.
                                     (1)          (2)
                                 Fa      ¬Fa             (1)
         ∀x(Fx∨Gx)             ⊥               Ga
             Fa∨Ga           ∃xGx           ∃xGx
∃x¬Fx                        ∃xGx (2)

  ∃xGx
____________________________________

22.
                    (2)
           ∀xFx           (1)
              Fa      ¬Fa
∃x¬Fx         ⊥ (1)
            ⊥     (2)
       ¬∀xFx
____________________________________

23.
        (1)
    Fa
∃xFx     ¬∃xFx
          ⊥  (1)

                ¬Fa
   ∀x¬Fx

____________________________________

24.
            (1) ∀x¬Fx

            (2)  Fa       ¬Fa
    ∃xFx            ⊥ (1)
                  ⊥   (2)

    ¬∃xFx
____________________________________



25.
                           (1)

           ¬Fa                   (2)
               ∃x¬Fx      ¬∃x¬Fx
                     (CR)  ⊥  (1)

                           Fa
              ∀xFx     ¬∀xFx

                        (CR)      ⊥   (2)
                             ∃x¬Fx
____________________________________


