
1/7 
 

Abdelhafid Boussouf  University Center, Mila                                                                                            Year: 2023/2024 

Module: Machine Structure 1  

 

 

Series no. 3 solution 

 

 
Exercise 1  

1.  

A B A   B  A . B 𝐀  . 𝐁  A + B 𝐀  + 𝐁  𝐀 . 𝐁       𝐀 + 𝐁         
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2.  

 A + A  . B =  A + A  .  A +  B              (Distributivity) 

                = 1 .  A +  B                         (Complementarity) 

                = A +  B                                (Neutral element) 

 A . (A  + B) = A . A + A . B                   (Distributivity) 

                   = 0 + A . B                         (Complementarity) 

                                 = A . B                                (Neutral element) 

3.   

a) A  . B + A . B = (A  +  A) . B            

                      = 1 . B                       

                      = B 

b)  A + B  .  A + B  = A +  B . B   

                                 = A + 0             

                             = A 

c) A + A . B =  A . 1 +  A . B  

= A .  1 + B   

                              = A . 1             (Absorbing element) 

= A  

d) A .  A + B =  A + 0 .  A +  B  

   = A + 0. B 

   = A + 0          (Absorbing element) 

   = A  
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e) A  . B + A + B + C + D                    = (A  . B       ) . (A + B + C + D) 
                              

              (De Morgan’s theorem) 

                                           = (A   + B   ). ( A + B + C + D)
                                  

 

                                           = (A + B). ( A + B + C + D)                                 

                                                  = (A + B). (( A + B) + (C + D))                                      

           From (d): A .  A +  B = A  

     => (A + B). (( A + B) + (C + D)) = (A + B) 

          Then: 

          A  . B + A + B + C + D                    =  A + B            

f) A + B . C + A  .  B . C        .  A . D + B = (A + B . C ) +  A + B . C             .  A . D + B  

From question (2): A +  A  . B = A + B 

          =>  A + B . C  +  A + B . C             .  A . D + B =  A + B . C  +  A . D + B  

          Then:  

           A + B . C + A  .  B . C        .  A . D + B = (A + B . C ) +  A . D + B            

                                                                         = (A + A . D) +  B + B . C            (Commutativity and Associativity) 

         From (c):  A + A . B = A  

        =>  A + A . D = A       and      B + B . C   = B 

        Then:   

        A + B . C + A  .  B . C        .  A . D + B = A + B 

g) (A ⊕ B) . B + A . B = (A  . B +  A . B ) . B + A . B 

                                     = A  . B . B +  A . B  . B + A . B 

                                     = A  . B +  A . 0 + A . B                           (Idempotence and Complementarity) 

                                     = A  . B + A . B 

          From (a): A  . B + A . B = B 

          Then: 

           (A ⊕ B) . B + A . B = B 

Exercise 2  

Truth table:      

A B F (A, B) 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

 

F A, B = A . B      =  A ↑  B = A 𝐍𝐀𝐍𝐃 B  

=>  A  . B  + A  . B + A . B  = A 𝐍𝐀𝐍𝐃 B 
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Exercise 3  

1.          

A B C 
F 

(A,B,C) 

Mintermes Maxtermes 

0 0 0 0  A + B + C 

0 0 1 1 A  . B  . C  

0 1 0 1 A  . B . C   

0 1 1 0  A + B  + C   

1 0 0 1 A . B  . C   

1 0 1 1 A . B  . C  

1 1 0 1 A . B . C   

1 1 1 0  A  + B  + C   

 

 Disjunctive canonical form (1st canonical form):   

F A, B, C = A  . B  . C + A  . B . C +  A . B  . C  + A . B  . C + A . B . C  

 Conjunctive canonical form (2nd canonical form): 

F A, B, C =  A + B + C  . (A + B  + C ) . (A  + B  + C  ) 

2.  

 Karnaugh map :  

    BC 

A 
00 01 11 10 

0 0 1 0 1 

1 1 1 0 1 

 

 The simplified sum of products (SOP) expression: F  A, B, C = A . B  + B  . C + B . C        

3. Logic diagram:  
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Exercise 4  

1.  

 

 

             Z = A . B. C + A . B  . (A  . C       ) 

2. Simplification:  

Z = A . B . C + A . B  . ( A . C      ) 

Z = A . B . C + A . B  . (A  + C   ) 

Z = A. B. C + A . B  . (A + C) 

Z = A. B. C + A . B  . A + A . B  . C 

Z = A. B. C + A . B  + A . B  . C 

Z = A . C .  B + B  + A . B   

Z = A . C .1 + A . B   

Z = A . C + A . B      

Z = A .  B  + C  

3.  

 

 

 

 

 

 

𝐀   

𝐂   

𝐀  .𝐂        

𝐁   

𝐀 .𝐁  . (𝐀  .𝐂       ) 

𝐀 .𝐁 . 𝐂 

𝐙 = 𝐀 . 𝐁 .𝐂 + 𝐀 .𝐁  . (𝐀  .𝐂       ) 
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Exercise 5 

1. F1  A, B, C =  A . B  . C + A . B . C + A . B . C 

 Karnaugh map: 

 

 The simplified function: 

F1  A, B, C =  A . B + A . C 

 

2. F2  A, B, C =  A  . B  . C  + A . B + A . B . C 

F2  A, B, C =  A  . B  . C  + A . B  . (C + C  ) + A . B . C 

F2  A, B, C =  A  . B  . C  + A . B  . C + A . B  . C  + A . B . C 

 

 Karnaugh map: 

 

 The simplified function: 

F2 A, B, C =  A . C + B  . C   

 

3. F3  A, B, C =  A  . B  + A  . B . C + B  . C  +  A . B  . C 

F3  A, B, C =  A  . B  . (C + C  ) + A  . B . C + B  . C  . (A + A  ) +  A . B  . C 

F3  A, B, C =  A  . B  . C + A  . B  . C  + A  . B . C + A . B  . C  + A  . B  . C  +  A . B  . C 

F3  A, B, C =  A  . B  . C + A  . B  . C  + A  . B . C + A . B  . C  +  A . B  . C 
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 Karnaugh map: 

 

 The simplified function: 

F3 A, B, C =  B  + A  . C   

 

4. F4  A, B, C, D =  B . C  . D  + A  . B . D  +  A . B . C . D   

F4  A, B, C, D =  B . C  . D  . (A + A  ) + A  . B . D  . (C + C  ) +  A . B . C . D   

F4  A, B, C, D =  A . B . C  . D  + A  . B . C  . D  + A  . B . C . D  + A  . B . C   . D  +  A . B . C . D   

F4  A, B, C, D =  A . B . C  . D  + A  . B . C  . D  + A  . B . C . D  +  A . B . C . D   

 

 Karnaugh map: 

 

 The simplified function: 

F4 A, B, C, D =  B . D  

 

5. F5  A, B, C, D =  A +  A . B +  A . B  . C + A . B  . C . D 

                     =  A  .  B + B   .  C + C   .  D + D   +  A . B .  C + C   .  D + D   +  A . B  . C .  D + D    

                                  + A . B  . C . D 

                                     =  A  . B . C . D +  A  . B . C . D + A  . B . C  . D + A  . B . C  . D + A  . B  . C . D + A  . B  . C . D + 

                                               A  . B  . C  . D + A  . B  . C  . D + A . B . C . D +  A . B . C . D + A . B . C  . D + A . B . C  . D  

                                              + A . B  . C . D + A . B  . C . D + A . B  . C . D 
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                             =  A  . B . C . D + A  . B . C . D + A  . B . C  . D + A  . B . C  . D + A  . B  . C . D + A  . B  . C . D 

+ A  . B  . C  . D + A  . B  . C  . D + A . B . C . D +  A . B . C . D  + A . B . C  . D + A . B . C  . D 

+ A . B  . C . D + A . B  . C . D 

 

 Karnaugh map: 

 

 The simplified function: 

F5 A, B, C =  B + A  + C 

 

6. F6  A, B, C, D =   A  . B  . D  + A  . C  . D  +  A  . B . C . D  + A . B . D + B  . C  . D  + A . B  . C . D   

F6  A, B, C, D =   A  . B  . D  .  C + C   + A   . C  . D  .  B + B   + A  . B . C . D  + A . B . D.  C + C     

                             + B  . C  . D  .  A + A   + A . B  . C . D   

F6  A, B, C, D =   A  . B  . D . C + A  . B  . D . C  + A   . B . C  . D  +  A   . B  . C  . D  + A  . B . C . D  + A . B . C . D  

                            + A . B . C  . D + A . B  . C  . D  + A  . B  . C  . D  + A . B  . C . D   

F6  A, B, C, D =   A  . B  . C . D + A  . B  . C  . D + A  . B . C  . D  + A  . B . C . D  + A . B . C . D  

                            + A . B . C  . D + A . B  . C  . D  + A . B  . C . D   

 Karnaugh map: 

 

 The simplified function: 

F6  A, B, C, D =   A  . D  + A . B . D +B  . D  


