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 ) – : ( (Numerical Systems)   
  

  

  :   )Overview(  
  
  -       Target Population    

- Rationale     
  

0,1

  
-      Central Ideas  
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-        Objectives    
  

12

12
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-     Pre test     

1 1079

  21101111 

  21101011 

  21001111 

  21001110 

 
2 10496

  8670 

  8760 

  8770 

  8780 

 
3 106745

  161A59 

  161A95 

  161B95 

  161B59 

4 2010111010.1 

  1029.66525 

  1028.65252 

  1027.56562 

  1026.65625 

5 121101111

  20010000 

  21101010 

  21001111 

  21001110 

6 2211011011

  200100100 

  211101010 

  200100101 

  210101110 
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7 2110110121101001 

  200100100 

  211010110 

  200100101 

  210101110 

8 2110101211010012 

  200100100 

  211010110 

  200100101 

  2110100 
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   :  
     

(Decimal System)

93773

309900
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: Decimal System    

      
01

23456789

10

7654.23

                                       7 6 5 4 . 2 3     

 

    

  7×1000         6 × 100        5 × 10             4 × 1            2 × 1/10          3 × 1/100     

 

7 × 103             6 ×  102         5 × 101       4  ×  100         2 ×  10-1              3  × 10-2                                                   

 

   : Binary System    

   210

01

                         1001   ,    10111.101   ,    10.1101    ,   0.1011  

110211010110    

2110.101
   (110.101)2 =  0×20  +   1×21  +   1×22  +   1×2-1  +   0×2-2  +  1×2-3
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: Octal System      

      8

01234567
(110.013)8       ,    (203.62)8    ,     (721.5)8   ,    (0.513)8                      

8203.65
(203.65)8 =  3 × 80   +  0 × 81  +  2 × 82   +  6 × 8-1   +  5 × 8-2   
                =  3 ×1    +  0 × 8    +  2 × 64   + 6 × 1/8  + 5 × 1/64 
 

: Hexadecimal System       

  16

16
                     ( F , E , D , C ,  B ,  A ,  9 , 8 , 7 , 6 , 5 , 4 , 3 , 2 , 1, 0 )

                     (2D6.F3)16    ,    (10011.1)16   ,   (FFF)16   ,   (0.257)16 
 (3A1.7F)16

(3A1.7F)16 =  1 × 160   +  10 × 16 1  +  3 × 16 2   +  7 × 16 -1   +   15 × 16 -2   
                  =   1 × 1       +  10 × 16    +  3 × 256   +  7 × 1/16  +  15 × 1/256   

(F       A )

(15        10 )
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  :  ( )   

      

: (1101.01)2

 (1101.01)2 = 1 × 20   +   0 × 2 1    +  1 × 22     +   1 × 2 3    +   0 × 2 -1    +   1 ×2-2  

                 = 1 × 1    +   0 × 2     +  1 × 4       +   1 × 8       +  0 ×  1/2    + 1 × 1/4  
                 =   1      +      0       +     4       +       8       +     0         +   0.25  
                 = (13.25 ) 10 

  (125.4)8

 (125.4)8 =  5 × 80    +   2 × 8 1    +   1 × 8 2   +   4 × 8 -1  
              =  5 × 1     +    2 × 8      +   1 × 64  +   4 × 1/8 
              =     5      +      16      +     64      +    0.5  
              = (85.5)10   

 (A15.C)16  
(A15.C)16  = 5 × 16 0   +   1 × 16 1   +    10 × 16 2    +    12 × 16 -1   

                     =  5 × 1       +    1 × 16     +    10 × 256   +    12 × 1/16 
                     =     5       +      16       +       2560      +      0.75  
                     = (2581.75)10  

   

  

  

 :   
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 - 

 -  

 -  

  (13.125)10  

                                                                                                 

  13  ÷  2  =   6           1                           0.125  × 2 =                      0.25               
 6  ÷  2  =   3           0                             0.25  × 2 =                      0.5               
3  ÷  2  =   1           1                               0.5  × 2 =                      1.0             

1  ÷  2  =   0           1                                                                                       

2( 0 . 0   0   121011                        

                       

                                                                ( 1101.001)2 =  

  (145.45)10  

                                                                                                              .       

  145  ÷  8  =   18         1                              0.45 × 8 =                              3.6       
      18  ÷  8  =   2            2                               0.6  × 8 =                              4.8     

     2  ÷  8  =   0           2                                0.8  × 8 =                              6.4   

                                                                     0.4 × 8 =                               3.2   

                                                                   0.2 × 8 =                               1.6   

 ( 0 . 3    4   6   3   1 )8                                                                                                                                                                             
  
  

                                  ( 221.34631)8 

  (2    2     1)8 
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  (394.36)10  

                                                                                       

  394  ÷  16  =   24         10(A)                      0.36 × 16 =                             5.76      
    24  ÷  16  =   1            8                             0.76 × 16 =                            12.16   

1  ÷  16  =   0            1                              0.16 × 16 =                            2.56   

                                                                   0.56 × 16 =                            8.96                               

                                                                                           

 (0. 5   C   2   8 )16                       

                       

                                                                ( 18A.5C28)16   

:   

20  21  22  

0  0  0  0  

1  0  0  1  

0  1  0  2  

1  1  0  3  

0  0  1  4  

1  0  1  5  

0  1  1  6  

1  1  1  7  

     (  1   8   A )16  
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  (11010111.1101)2 

011  010  111 . 110  100      

                                    

3    2      7  .   6      4                       

 

                                   (11010111.1101)2  = (327.64)8 

 

  

 (321.64)8 

  3      2       1   .   6      4        

 

011   010    001  .  110    100    

 

                                   (321.64)8 = (11010001.1101)2  
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:   

        

 20  21  22  23  

0  0  0  0  0  

1  0  0  0  1  

0  1  0  0  2  

1  1  0  0  3  

0  0  1  0  4  

1  0  1  0  5  

0  1  1  0  6  

1  1  1  0  7  

0  0  0  1  8  

1  0  0  1  9  

0  1  0  1  A 

1  1  0  1  B 

0  0  1  1  C 

1  0  1  1  D 

0  1  1  1  E 

1  1  1  1  F 

 (1111011.10101)2 

0111   1011 .  1010   1000        

 

 7          B   .    A         8 

                                                         (1111011.10101)2 = (7B.A8)16    

  (8D.9)16 

                                                          (8D.9)16 = (10001101.1001)2  

     1000    1101   .  1001  

 8         D    .    9 
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 :      Self test  
  

1 

 

216 937739

3

4(203.62)8

5 - (17E.2A)16  
6 - (110110)2 + ( 11001)2  

7221010011

8  ( 110110)2  ( 11001)2 

91   110110)2  ( 11000)2 
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  :   

                                                                                 2  
                                                                                 

                                                                                 2                   
 (670.25)8 

           6       7    0  .    2     5                   

         
       0001  1011  1000  .    0101   0100                    

 
           1        B      8       .      5            4              

(670.25)8  =  (1B8.54)16     

 :  

1 (862.401)10

2 (943.23)10

3(746.533)10 

4(1101101.0101)2

5(2CE.3B)16 

6X
(X)8 = (46.547)10       ,        (X)16 = (100101010.1101)2        ,        (X)10 = (90F.62)16 

  

  

  

8   16
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7.1   

      

    

1 7.1  Binary Addition 

.    
0  +  0  =  0 
0  +  1  =  1 
1  +  0  =  1 

                                       1  +  1  =  0           1   (Carry) 

: (1011.01)2 , (11010.1)2

                      1  1  0  1  0  .  1  0       

                      0  1  0  1  1  .  0  1    + 

                  1  0  0  1  0  1  .  1  1 

  (1110.11)2 , (11011.101)2  

                   1  1  0  1  1  .  1  0  1      

                   0  1  1  1  0  .  1  1  0   + 

               1  0  1  0  1  0  .  0  1  1 

 11111
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2.7.1  :  Binary Subtraction    

      

0  -  0  =  0 
                                             0  -  1  =  1              1   (Borrow) 

1  -  0  =  1 
1  -  1  =  0 

 
 (1011)2  (1101.1)2 

1  1  0  1  .  1            
      1  0  1  1  .  0     

0  0  1  0  .  1   
(110.1)2 (1000.01)2 

3.7.1Binary  Multiplication 

0  ×  0  =  0 
0  ×  1  =  0 
1  ×  0  =  0 
1  ×  1  =  1 

(1010)2 ,  (101)2 
          1  0  1  0          

                   1  0  1   × 
       1  0  1  0     

0  0  0  0  
1  0  1  0       

   1  1  0  0  1  0              
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4.7.1Binary Division       

0  ÷  0  =  ? 

0  ÷  1  =  0 

1  ÷  0  =  ? 

1  ÷  1  =  1  

 (11000)2 (100)2 

110  
100     11000         

100  
0100 

   100       
0000   

8.1    Complements   

      

  .  

  1.8.1 :   

      

11(1's Complement) 

22(2's Complement) 11

            1              2
         001001                                           001000                               110111 
           01110                                             01101                                 10010  
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 :  

1

1

1

21

31

43

13

2(110)(1010)2 1

                                   1 0 1 0        

                                       1 1 0   
                     
                          0 1 1 0                                        1  

  1          1 0 0 1                                      2  

                            1     1 0 0 1                                     3  

                                       1 0 1 0   + 

                       1 0 0 1 1                                     4  
                                                               1   + 
                                       0 1 0 0   
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2(10101)(1011)21

                                            0 1 0 1 1       

                                                 1 0 1 0 1        
   

  1                               0 1 0 1 0       

                                           0 1 0 1 1    +                                         

         ? 1 0 1 0 1   

                                             0 1 0 1 0                 

2

2

1

22

32

43

2

(110)2 (1010)2 2

                                                 1 0 1 0    

                                                      0 1 1 0          

                                  1          1 0 0 1      

                                                                            1  + 

                                   2         1 0 1 0  

                                          1 0 1 0  +    

                                   1   0 1 0 0    
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2(10101)(1011)22

                                               0 1 0 1 1       

                                                     1 0 1 0 1          

                                   1        0 1 0 1 0 

                                                                              1  + 

                                   2       0 1 0 1 1  

                                        0 1 0 1 1   +    

           ?   1 0 1 1 0   

 2
                                                     0 1 0 0 1 
                                                                               1  + 

1 0 1 0                                      0                             
1 0 1 0   
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      : Post test  

  
x

                                                                                              10 1/  ( 110110 . 11001)2 = ( x ) 
                                                              

 2 / (10110111011.01010 )2= (x)8 

  
                                                                                                       3/  (749.586)10 = (x)2               

                      
16   (x) (11011100110.110101011)2 =  4 /    

  
5 / (7605.4203)8 = (x)2  

                                                                 

2        2 6/  ( 1010110)2 – ( 101001)2 = ( x )       

1          7/ ( 10110 )2 – (1100101 )2 = (x)2                                                                               

 
             8/ ( 100110 )2 + (111011 )2 = (x)2                                                                                        

  
2         9/ ( 101101 )2 – (1011011 )2 = (x)2                                                                               

             10/ ( 10110 )2 + (111011 )2 = (x)2    
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Pre testSelf testPost test

1  
  

  1  
  

    1  
  

10  ( 54.78125 ) 
  

2  
  

  2  
  

7 48 2304  2  
  

(2673.24)8  

3  
  

  3  
  

2 10  3  
  

(1011101101.10010)2  

4  
  

  4   
  

131.78  4  
  

16 )(6E6.D58  

5  
  

  5  
  

0001 0111 1110.0010 1010)2(  5  
  

(111 110 000 101 . 100 010 000 011)2  

6  
  

  6  
  

(1001111)2 6  
  

( 101101)2  

7  
  

  7  
  

(10101101) 2 7  
  

(- 1001111)2  

8  
  

  8  
  

(-11101)2 8  
  

( 1100001)2  

9  
  

  9  
  

(-11110)2 9  
  

(-101110)2 

10  
  

  10  
  

  10  
  

(1010001)2 

) References: (  
1 - .((  )) 1991.  
2- .((  : ))   
3- Digital computer fundamentals (thematic bartee)) 
4- Introduction to Digital computer((louis mashelsky)) 
5- Modern Digital electronics (R.P.Jain
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 )–  : ((Logic Gates)   
  

  

  

 :    )Overview(  
  
  -       Target Population    

- Rationale     

Logic Gates

   
-      Central Ideas  
  

AND OR NOT

AND OR NOT

XOR XNOR

NANDNOR

  
-        Objectives     
  

NANDNOR
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-     Pre test  

  

1 

   
   
   
  15 

 
2 1

  

   
   

3 OR 

0

  1
  1 
  0 

4 NAND 
  1 
  0 
  0 
  1 

75
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 :      Self test  

1AND 

   

   

 
2XOR1

   

   

   

   

3NOT10100

  01111 

  10101 

  01011 

  01011

4 

  

  

  0

  10
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      : Post test  
  

1 A=B=0Y=0

Y=1 

  AND

  OR 

  NAND 

  XNOR 

 
2 A=B=0A=B=1Y=1

Y=0 

  NOR

  XOR 

  AND 

  XNOR 

3 A=B=0Y=1

Y=0 

  NOR

  XOR 

  AND 

  XNOR 

4 A=B=1Y=1

Y=0 

  NOR

  XOR 

  AND 

  NAND 
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 :   
    Pre test       Self test       Post test  

            

1  
  

  1  
  

 1  
  

  

2  
  

  2  
  

 2  
  

  

3  
  

  3  
  

 3  
  

  

4  
  

  4   
  

 4  
  

 

5  
  

  5  
  

  5  
  

  

6  
  

  6  
  

  6  
  

  

7  
  

  7  
  

  7  
  

  

8  
  

  8  
  

  8  
  

  

9  
  

  9  
  

  9  
  

  

10  
  

  10  
  

  10  
  

  

) References: (  
1- .((  )) 1991.  
2- Digital Principles &Application 
3- Digital computer fundamentals (thematic bartee)) 
4- Introduction to Digital computer((louis mashelsky)) 
5- Modern Digital electronics (R.P.Jain  
6- .((  : ))  
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 )  : (  ) Boolean Algebra(  
  

  

  

  

 :    )Overview(  
  

  -       Target Population    

- Rationale     
  

Boolean Algebra

  
  
  
  
  

-      Central Ideas  
  

–
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-        Objectives    

NOR NAND

-     Pre test

1 

2

  Y = A B C + A B C + A B C

3Y = A B C + A B C

 
 
4Y = A B  + A ( A + C ) + B ( A + C )

5

 

75
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 :      Self test  
  

1 Y = A B C + A B C + A B C + A B C

2

  

3SOPPOSY = A B C + A B C + A B C + A B C

 
 
4POSSOP

Y =( A + B + C ) ( A + B + C ) ( A +  B +  C ) + ( A + B + C  )                                                       

      

5  :Y = A B C + A B C + A B C      
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      : Post test  
  

1 Y = A B C + A B C + A B C + A B C                             

2Y =( A + B + C ) ( A + B + C ) ( A +  B +  C )

  

3

A B+B D+ Y = A  B  C  D + A  B  C  D + A  B  C  D + A  B  C  D

4

A C+B C+ Y = A  B  C  D + A  B  C  D + A  B  C   +   B  C  D

      

5-  :  
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 :   

    Pre test       Self test       Post test  

  
  

  
  

  
  

1  
  

  1  
   

  
  
  
1  

  
  

  

  
  
2  

  
    

  
  
  
2  

   

  
  
3  

  
    

3  
    

  
  
  
2  

  

  

4  
  

  

  
  
5  

  

  

4  
  

Y= A + BC  3  
  

  

  
5  

    

4  
  

  

5  
    

) References: (  
1 - .((  )) 1991.  
2- Digital Principles &Application 
3- Digital computer fundamentals (thematic bartee)) 
4- Introduction to Digital computer((louis mashelsky)) 
5- Modern Digital electronics (R.P.Jain  
6 - ((  : )) 
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 ) – : ( ) Map ughanrKa(  
  
  

 :    )Overview(  
  

  -       Target Population    

  
 -  Rationale     

    -      Central Ideas  

-        Objectives    
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-     Pre test    

1 

2

3

A B+B D+ Y = A  B  C  D + A  B  C  D + A  B  C  D + A  B  C  D

4

A C+B C+ Y = A  B  C  D + A  B  C  D + A  B  C   +   B  C  D

5

X Z + X Y ZF = Y Z  + 

      

75
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 :      Self test  
  

  
1-  

2-  

3-  

4- 
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      : Post test  
  

  
  

1- 
 

2- 
 

3-  

4-  

5-  

6-  
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 :   
    Pre test       Self test       Post test  

            

1  
  

  1  
  

 1  
    

  
  
2  

  
  
  

  

  

2  
  

 2  
    

3  
  

 3  
    

4   
  

 
4  

   

3  
  

  5  
  

  5  
  

  

4    6  
  

  6  
  

  

5    
X Z +  YF =  

7  
  

  7  
  

  

6    8  
  

  8  
  

  

7    9  
  

  9  
  

  

8    10  
  

  10  
  

  

  
) References: (  
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 :   
    Pre test       Self test       Post test 

            

1  
  

  1  
  

 

1  
  

b 
  

2  
  

  2  
  

 2  
  

C 

3  
  

  3  
  

 
3  

  
C  

4  
  

  4   
  

 
4  

  
d 

5  
  

  5  
  

  5  
  

A  

6  
  

  6  
  

  6  
  

D  

7  
  

  7  
  

  7  
  

A  

8  
  

  8  
  

  8  
  

B  

9  
  

  9  
  

  9  
  

F  

10  
  

  10  
  

  10  
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6 - .((  : )) 
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 )  –  (  
   )ADC & DAC  (  

  
 :    )Overview(  

  
  -       Target Population    

 -  Rationale     

  

  

-      Central Ideas  
  

  
-        Objectives    
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-     Pre test    

  
1

2

3D/A3V

Rf = 20 KR = 150 K

20000200012001121111

4D/A10V

Rf = 20 KR = 150 K

210101

75  
  
  

  
  

  

  

  

–Digital to 

Analog Converter DAC

–Analog to  

Digital Converter ADC
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1

1

356456758

2001

2010

1

3,721005,4

2101

 * 100% = 14.3%

0V 000
1V 001
2V 010
3V 011
4V 100
5V 101
6V 110
7V 111

1

 
 

ADC 

 
 

 

 
 

DAC 
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72111102000020001

7150.466620010

0.9320.4666

* 100% = 6.66%
( . )

        ) sionConverDigital to Analog (  
  

2021

22

120

200121

201022

2110

1

21111

w1  = 0.333V=w1

w2  w10.666 V== 2* 0.333Vw2

w3  w21.332 V== 2* 0.666Vw3
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w4  w32.664 V== 2* 1.332Vw4

5V

 )  NetworkResistance  (

TTL

2

LSBRo

RL

2

1

20017

3
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3

2001

Vo7

R1 // R2 = 
) =    

Vo = 7V *   = 1V 

1

2

0V
10v

21011

10V

10V10VRL
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         10V *    =  V 

210111011Vo

         

         Vo  = 11*  V =  V =  7  V 

 RoR1R210V

R2

Ro // R1 // R2 = Ro //  //  =  

Vo = 10V *   = 10V *   =  V  = 7  V 

R2n-1 R

512

512

      Ladder Network  
  

R2R

4A

2R2K
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ARB2RA

4

VR2001

5R B

RC

VR

VR

52001

2111

VR

2
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VR /2 MSB   n-1 
VR /4              n-2  
VR /8             n-3
VR /16             n-4

: 
: 

              : 
              : 

VR /2
n-1                  1  

VR /2
n LSB       0

2

    Vo =   ( ao  + 2a1  + 4a2 + …..  )  

3

2011012100112111110V

8V

Vo =   ( ao  + 2a1  + 4a2 + 8a3 + 16a4 ) 
 

    =  ( 0  + 2*1  + 4*1 + 8*0 + 16*1 ) 
 

    =  ( 22  )  = 5.5 V 

210011
 

Vo   =  ( 1  + 2*1  + 4*0 + 8*0 + 16*1 ) 
 

ai 
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       =  ( 19  )  = 4.75 V 

211111
 

  Vo  =  ( 31  )  = 7.75 V 

 :  

Accuracy

  Acc =  

 Acc =   

10mV50mV

%    10V

9.5V10.5V

4

5V

0.5V0.1V
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0.33VV = ==   Acc = 

0.1V

      Err % =  
( . . )

 * 100% = 8.6% 
 

5

2.7%

1.8%

   Acc =  * 100%  
 
    1.8 =  * 100 
 
    – = 

.
  = 55.5 

 
      = 56.5  26 

2.7% 
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      )Digital Conversion  to Analog(   
  

6.S

CV1

6

7

V1V2V1V2

7  

Immediate Method

8

VR
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V1VR

VRV1

8

 
8

9

8

10

V1

C1C11C12C15

 n

–
108

PCM
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R 

R 

R 

R 

R 

C11 

C13 

C14 

C15 

VR 

 

VR 

 

VR 

 

VR 

 

V1(t) 

VR 

 
 

 
 
 
 
 

 

10 
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Integration Method

V1

11

VR

V1

zero crossing detector

11

toS

V1

tot1tV2

12N

NTTR

CV1
_
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N

VR
_

_t1Mt2

MT

 _   . NT = _   . MT 
 
  V1 = M .   

MV1VR = 2V  

 N = 200M = 164 

V1= 1.64VM = 76 V1= 0.76V

.

12 
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 :      Self test  

1

2210101

0V 10V

3(10mV)

( 10V) 

4 

5

0V10v

621011

 ounter Method )c Up( 

13

.

VAV1V1VA

VAV1.

VAVA V1

..

TV1Tc 

4T 

10T .2n

         
       Tc  =2n * T 
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2n-1 * T.

13

6

1.5

.

28256

  Tc =   * 1.5 S = 96 S  

TA 

  TA = 2n-1 * T = 27 * 1.5 S = 192 S 

-Down counter)-(Up

–

.14

.V1 

.
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14

14

VA .

.

CMOS8702

.EK128

.ADC0816

MM5357.
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      : Post test  

1

2011012100112111110V

8V

25V

0.5V0.1V

3

41.5

5.
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 :   
    Pre test       Self test       Post test  

            

  
  
1  

  

 
  

  
  
1  

  

VV

VV

V  V    

  
  
  
1  

  

201101Vo    =  ( 

22  )  = 5.5 V 

210011Vo    =  ( 

19  )  = 4.75 V

211111  Vo  =  

( 31  )  = 7.75 V
  

  
  
2  

   
  

  
  
2  

  
  
  

 
 

Vo = 6.77 
 

3  
  

 6V  ,    1.2V  ,    0.4V   ,    0V 
  

3  
  

210=1000   

 

2  
  

0.33V
  

4  
  

6.77    
  
  
  
4  

  
   

  

w1  

= 0.333V=w1

w2  w1

0.666 V                        == 2* 0.333Vw2

w3  w2

1.332 V                         == 2* 0.666Vw3

w4  w3

2.664 V                        == 2* 1.332Vw4

 

3  
  

                     8.6%    

5  
  

  4  
  

  Tc = 96 S  

6  
  

  5  
  

TA = 192 S  

7  
  

  6  
  

  

8  
  

  7  
  

  

9  
  

  5  
  

 /=10 V     - / V  8  
  

  

10  
  

  6  
  

Vo  =  7  V  9  
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