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 
 

 ،،אא،א، 
 

 אא א א א א א אא
אא،אאאאאאא

אאאאא
אאאאאאWא

אאK 
 אאאאאאא

 א      ،א אא  
א א אא א  א ،א 

א،אאאא
אאאאאאאאאאאא

אא،אא
אא،אK 

  א א  ? א J1 ?  ? 
?אאאאאאאאK 

 אאאאאאא
،א،אאאא

אאאאאK 
    א אאא W
אK 

 
אאאא  
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 
 

אאאאאKKK، 
א،אאאאאא

אאאK 
אאאאאא

אא،אא،אאא
אאאאאאא

אאאKאאאאאא
אאאאא،אא،א

،אאא
אאאאאאא

אאאאKא J1אא
אאאאאאאאK 

אאאא،אאא
אא،א،אאK 

אאאא،،
א،אאאא

אאK 
 ،אKKKKKK 

 
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
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אאא 
 

אאאW 
 אאאK 

 אאאK 

 אאאאאK 

 אאאK 

 אאאK 
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1 J1Introduction 
(digital)،אאא

א(Counting Digits)Kאאא
אKאאאאאאK 

،א،אא،אאא،א،אא
،אאאאKאאאאא

אאאאאא(Discrete Transistors)אא
אאא،אאK 

אאאא،אאא،
אאאK 

 

1 J2אאא Digital and Analog Quantities  
אאאWKאא

א(Discrete Values)،אאא
(Continuous Values)K،אא

אאאאאK 
אאאא،אאא

אKאאאK
،אאאא،אא

70ºF71ºFאא،70ºF71ºFK 
א،אאא

F1 J1EKא،אאא،
אK 
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 
F1 J1EFאאאKE 

 
 

אאאא
א،א(Sampled Values)אא

FE24،F1 J2EK 

 
 

F1 J2EאאאF1 J1EK 
 

אאאא
(Sampled Values)(Digital Code)Kא

אF1 J2EאK 
 

1 J2 J1אאאThe Digital Advantage 
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אאאאאאאKא
א(Digital Data)،אאאK

אאאKא،
אאאאא(CD)

،K 
אאא،אאאK 

 

1 J2 J2אאאAn Analog Electronic System 

אא،אאF1 J3EKא
אאאFE،אא

(Audio Signal)Kאאאא
אא،א(Linear Amplifier)K 

אאאא(Speaker)Kא
א،אאא

אאאK 
 
 

 
F1 J3EאאאאK 

 
1 J2 J3אאאאאא 

A System Using Digital and Analog Methods 
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אאא(CD)אאא
אKאאF1 J4EאאK 

 

 
F1 J4Eאאאאא(CD)K 

 
אאאא(CD)Kאא

אא(Laser Diode Optical System)אאאא
אא(DAC)Kאא

אאאאKא
אK 

אאאאאא(CD)אא،
אא،אא(ADC)K 

 
 

1 J3אאאא،אא 
Binary Digits, Logic Levels and Digital Waveforms  
א،אאאא

אWא(HIGH)א،(LOW)Kא
،א،אאKאא

אא،א(Codes)،א،אא
אאאK 
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אאאא(Binary System)
0,1א،אאא(Binary Digit)bitK 

 

1 J3 J1אאBinary Digits 
1,0אאא(bits)Kאאא

אא(1,0)K،1אאא
HIGH،0אאאLOWKאא

אPositive Logic(HIGH=1, LOW=0)K 
א1אLOW،0אHIGHא

אאNegative Logic(HIGH=0, LOW=1)K 
אא(bits)1's, 0'sא(Codes)

אא،א،א،אאK 
 

1 J3 J2אאLogic Levels 
 א1,0אאKא،

אאHIGHא،LOWKאאאא
אHIGHKא
LOW،

אא(Overlap)אHIGHאאLOWאK 
 F1 J5EאאLOWs, HIGHsאKאא

VH(max)אאאHIGHא،VH(min)אא
אHIGHK 
 אאאLOWאVL(max)אא،
אLOWאVL(min)KאאVL(max)אVH(min)

KאאאHIGH
LOWאKאאא،Kא،

HIGHאאאTTLא2v-5vא،LOW
א0v-0.8vKאאא3.5vאאאא،
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HIGHא1Kאאא0.5vאאא،
אLOWא0Kא،אאאא0.8v2v

אK 
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 
F1 J5EאאאאK 

 
1 J3 J3אאDigital Waveforms 

 אאאאFאEHIGHא
FאELOWKF1 J6(a)Eא(Positive-going)א،

אFאEאאLOWאHIGH
אLOWK 

 
F1 J6EאאK 

 
 אאא(Negative-going)א،F1 J6(b)E
אFאEאאHIGHאLOW

אHIGHKאאאא
אK 
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 F1 J6(a)Eא،Wאאאא
אt0אאאא،t1Kאא،א

אאא،אאK 
 אאF1 J6Eאאאא،

אאFKE،אאא،
אאאאK 

 
 

 F1 J7EKאאאLOW
אHIGHאrise time (tr)אאא،HIGH
אLOWאfall time (tf)K 

 

 
F1 J7EאאאK 

 
 אא،10%90%א(pulse 

amplitude)א،90%10%א
1 J7Kאpulse width (tw)א50%

אאאאK 
 ،אאאאא

אpulse train،WKא
אאאאperiod (T)Kא

frequency (f)אאאhertz (Hz)Kאא
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א،א
אאאאאKאא

אF1 J8EK 
 

 
  

F1 J8EאאK 
 

 
 
 

א(f)אא(T)Kאאאא
W 

f

1
T                  

T

1
f   

אאאאאא(duty 

cycle)Kאאא(tw)א(T)א،
W 

%100
T

t
Cycle Duty w 






  

WF1 J9EKאאאא
(ms)KWא(T)، تردد ال(f) دورة التشغيل ،(duty cycle). 

 
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 
F1 J9EאאK 

 
אWא(T)אאאאאא
F1 J9ET = 10msK 

Hz 100
ms10

1

T

1
f   

 

%10%100
ms10

ms1
%100

T

t
Cycle Duty w 













  

 
 

 

 
 
 
 
 
 

 
 

1E؟אא 

 

2E؟אא 
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3E؟אאאאא 
 

4E؟ 
 

5Eאאא(bit)؟ 
 

6E؟אאאא 
 

7E؟אא 
 
8Eאא(T)א،(f)؟ 

 

9Eא25μsא،(T)150μsK
א،א؟ 

 

 



 

 

  

אאאא  

אאJJ11  




א


א




2 
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אאא 
 

אאאW 
 אאאK 

 אאK 

 אאאאאאאK 

 אאאאאK 

 אאאאאK 
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2 J1Introduction 
א

אKאאאאא)Binary 

Number System (אאאאאאא )Digital 

Electronic Circuits(K 
א،אאאא

א)Decimal Number System(אKאאא
אאאאאא

)Octal Number System(אאא)Hexadecimal Numbering System(K 
אאאאאאא

אאאאאאאKאא
אאאאאאאאK

אאאאאW 
 
1KאK 
2KאאאK 
3KאאאאאאK 
4KאאאאK 
5KאאאאאK 

 
אאאא 

)Digit(א)Number(،)Symbol(אאא
،אאא)0,1,2,3,4, ... , 8,9(א

אאאאא،אאאאא
אאאאאא،א)14(א

א123(א(אאאא،א)14()1,4(
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אאא123(א()1,2,3()6(
אאאK 
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2 J2אאא Decimal Numbering System 
אאאאאאאא

אאאאKאאאא)10(
א(10))10 (

0,1,2,3,4,5,6,7,8,9K 
אא)Positional Weight(אא)128(

אא)8(אאFאE،א
אאא1 )8 × 1 = 8(אא،)2(

אאFאאEאא
20 = 10 × 2( 10 א(،אאF1EאאFאE

אאא100                 )1 × 100 = 100(K
אאאאא،אW 

 
(1 × 100) + (2 × 10) + (8 × 1) = 100 + 20 + 8 = 128 
 

אאאF10Eאאא
אא10א 100  = 1W 

 
 ........  105   104   103    102    101    100 
 

א128W 
 
            1     2        8 

    אאאא 
            102                 101                100 
                 1 × 102     +    2 × 101    +    8 × 100 
          (128)10   =    100        +       20        +        8 
 

אא)128(אא10א
א)Subscript(אאאאK 
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אאאאאאא
10-1W 

 
                  102    101    100  10-1    10-2    10-3   ........ 

 
 
 
2 J3אאאBinary Numbering System 

אאאאא )2()2(
0و 1(א  .(אאאאאאא)2(

W 
 ..... 24      23      22      21      20 

אאאאW 
.....  16     8        4       2       1   

אא)11001(W 
 

   24     23     22    21     20 
   1       1      0      0      1 
  = (1 × 24) + (1 × 23) + (0 × 22) + (0 × 21) + (1 × 20)  

= 16 + 8 + 0 + 0 + 1 = (25)10 

 
אא،אאאאא

אאאאא(2)אאא
א2(11001)אK 

אאאאאW 
■אא)Bit(W  אא(Bit)א)Binary Digit (א

אאאאKאאאFאEא
א،אא(1001)2)4-bits(א

(1101101)2)7-bits(אK 

אא 

(Decimal Point)
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■אא)Number of Binary Combinations(W אא
אאאא)bits(K

אאאW 
  n2N   

WN =אאא 
          n =א)bits( 

אא(2)אאW 
  N = 22 = 4 

אא(3)אאW 
  N = 23 = 8 

אא(4)אאW 
  N = 24 = 16 

אאאאאK 
■אא)Bit(Wאאא

אאא20א)1((1)
אאא21א(2)א22

(4)אKאאאאאא
אא،אאא،אאא

א)itB ignificantS eastL(אא)LSB(אא
אאאאא)itB ignificantS ostM  (

אא)MSB(K 
■ א )byteEWאא)bit(אאא

אאאאאאאא،א)0(
אא)1(אאFEאאא

אאאKאאא
א

K 
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א 

א 

א)byte(
אאאא

KאאאW 
   1 byte = 8 bits  

      

2 J4אאאאא Decimal-to-Binary Conversion  

אאאאאאא،
)Sum of Weights Method(אאאא
)2)(Repeated Division–by–2 Method(אא

אאאאK 
 

2 J4 J1אאאאאא 

אא10)14(א،א142א،
2אא)0  .(

אאאאאאKאאא
)LSB(אאאא)MSB(אא،

W 
 

         
  14 ÷ 2 = 7  0 
  7   ÷ 2 = 3  1 
  3   ÷ 2 = 1  1 
  1   ÷ 2 = 0  1 
    
          (MSB)       1   1   1  0      (LSB) 

 
W 

  (14)10 = (1110)2 
F2 J1WEאא(25)10אK 
אW 

 
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א 

   
25 ÷ 2 = 12 1     (LSB) 

  12 ÷ 2 = 6  0 
  6   ÷ 2 = 3  0 
  3   ÷ 2 = 1  1 
  1   ÷ 2 = 0  1     (MSB) 

אW 
  (25)10 = (11001)2 

  
 F2 J2WEאא(87)10אK 
אW 

   
87 ÷ 2 = 43 1     (LSB) 

  43 ÷ 2 = 21 1 
  21 ÷ 2 = 10 1 
  10 ÷ 2 = 5  0 
  5   ÷ 2 = 2  1      
  2   ÷ 2 = 1  0 
  1   ÷ 2 = 0  1     (MSB) 

אW 
  (87)10 = (1010111)2 

  
2 J4 J2אאאאא 

אאאאאאא
(2)אKאאא)Decimal Fractions (אא

אא(2)K 
אא)0.3125(אאאא(0.3125)

(2)אאא،(2)אאא
א(0)אאאאKאא)Carried Digits(

אאאאאאאא
אKאאא)MSB(אאא)LSB(Kא

W 
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א 

א 

א 

א
אאא
אאא



 
   

0.3125  2 = 0.625 0 
   

0.625    2 = 1.25 1 
   

0.25     2 = 0.5  0 
 

  0.5       2 = 1.00         1 
                           

      (LSB)1  0  1  0  (MSB)  
 

 
 

 

F2 J3WEאא(39.25)10אK 
אWאאאאא(2)W 

 
   

39 ÷ 2 = 19 1     (LSB) 
  19 ÷ 2 = 9  1 
  9   ÷ 2 = 4  1 
  4   ÷ 2 = 2  0 
  2   ÷ 2 = 1  0      
  1   ÷ 2 = 0  1     (MSB) 

אW 
     (39)10 = (100111)     

אאאא(2)W 
 

   
0.25  2 = 0.5  0 

   
0.5    2 = 1.00  1 
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W 
  (0.25)10 = (0.01)2 

אאאW 
  (39.25)10 = (100111.01)2 

2 J5אאאאא Binary-to-Decimal Conversion  
אאאאאא(2)א

אאאא1,2,4,8,16אKאאא
אא)bit(אא(1)

אאאאאאK
אאאK 

 

 F2 J4WEאא1101001אK 
אW(1)אאאא

W 
26     25     24     23    22     21    20  :  א 

   1      1      0      1      0      0      1   :  אא 
       = 1 × 26 + 1 × 25 + 0 × 24 + 1 × 23 + 0 × 22 + 0 × 21 + 1 × 20  
                = 64 + 32 + 8 + 1 = (105)10 

 

אאאאאא خانات )bits(
אא)Binary Point (אאאאא

אא)Decimal Point(אאאאא
אW 

  ……24     23     22     21     20    2-1     2-2     2-3     2-4……. 
אא 

 

 F2 J5WEאאא(0.1011)2אK 
אW 

       2-1     2-2     2-3     2-4 
  0   1       0        1        1 
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 (0.1011)2  = 1 × 2-1 + 1 × 2-3 + 1 × 2-4  
  = 0.5 + 0.125 + 0.0625 = (0.6875)10 

 

2 J6אאאאBinary Arithmetic  
אאאאאא

אאKאאאאאK 
 

2 J6 J1אאBinary Addition  
אא،אאאאא

)Binary Digits(W 
 
 

0 + 0 = 0 
0 + 1 = 1 
1 + 0 = 1 
0 + 1 = 0  carry FאE  1  = 10 
 

אאא،אאאאא
1 + 1 = 10(2)אא،(1)אאאאא

אאאKאאאאK 
 

 F2 J6WEאא110 ,011אK 
אWאאאאW 

 
    1 1 
     6   1 1 0 
  + 3          +      0 1 1 
        FE    9     1 0 0 1 

 
 F2 J7WEאא100 ,011אK 
אW       

 4   1 0 0 
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1 

  + 3                  0 1 1 
        FE    7   1 1 1 

 
 

2 J6 J2אאBinary Subtraction  
אאW 

1 JאאאK 
2 JאאK 

אא،אאKא
אאFאEאאאאאא

אאאאאאW 
0 – 0 = 0 
1 – 0 = 1 
1 – 1 = 0 
0 – 1 = 1               (1) א (1) א  

 
 
 

אאאW 
 אאK 
 אאאאאאאאאW 

 (0)(0)(1)(1)א(0)K 

 (0)(1)א(1)K 

 (1)(0)א(1)(0)אאFא
E(1)(1)(0)K 

 אאאאאK 
 

 F2 J8WEאא(101)אא(011)אK 
אW   

       0 א(1)א(0) 
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  א 1 0 1  

    א 11 0– 
     

0                                         1 0 
 
2 J7אאאאא 

      One's and Two's Complements of Binary Numbers 

אאאאאאאKא
אאאאאאאאK

א1(א()0()0()1(
אאW 

 

 אא 1 0 1 1 0 0 1 1  

   
אא 0 1 0 0 1 1 0 0  

 

אאאאW 
אאWאאKא(1) א

אאאאW 
אאZא1+  א 

אאאא10110011K
אאא(1)אאK 

  אא  1 0 1 1 0 0 1 1  

 אא 0 1 0 0 1 1 0 0  

     (1)  1   +     

  אא  0 1 0 0 1 1 0 1 

 
אאWאאאא)LSB(אא

)0(אא

(1)אאא
(10)(1)א

א (1)
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אאאאאאאאאא
אFאאאאאא

אאאאאאE،
אא(10101101)2אאW 

 
 

  אא 1 0 1 0 1 1 0  1  

  אא 0 1 0 1 0 0 1  1  

 
2 J8אאאאRepresentation of Signed Numbers 

אאאאאאאא
אאאאאאאאא

א،אאא(0)،א(1)
אKאאאאאא

א)Sign Bit(  אאאאא
א)Magnitude  .( 

אאאאאאWאא    

)Sign-Magnitude(אא )1'sComplement (אא)2's Complement.( 
 

2 J8 J1אא )Sign-Magnitude System( 
אא،אאאא)bit(אאא

אאאאאאKא
אאאאאא

אאאאאKאא(+23)
אאאW 

 

    0 0 0 1 0 1 1 1  
 

אא 

א
(Sign Bit) 

אא 
(Magnitude Bits) 
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 
 

אא(–23)  فإنناW 
 

     0 0 1 0 0 1 1 1 1  
 

אאא(+23) , (–23)אK 
 
 

 

2 J8 J2אא )1's Complement System( 
אאאאאאאאאא

אאKאאאאאאאK
אא (–23)אאאW 

 

  0 1 1 1 0 1 0 0      (23+)א 

23א)–(1 1 0 1 0 0 0 1 
 

אאאאאאאא
אK 

 
2 J8 J3אא)2's Complement( 

אאאאאאאא
אאKאאאאא

אא،(23–)אאאא(+23)
W 

 

  0 1 1 1 0 1 0 0      (23+)א  

23א)–(1 1 0 1 0 0 1 1 
 

אאאאאאאK 
 
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א 
(Discard carry) 

2 J9 אאאאאא 
Arithmetic Operations with Signed Numbers 

אאאא،
אאאאאאאא

،אאF2 J6KEאא
אאאאאאאא

אאאKאאאאאאא
אW 

 
 F2 J9WEאא00001110אא11111010אאאאאK 
אWאW 

 14 – (– 6) = 14 + 6 = 20  
אW 

        0 0 0 0 1 1 1 0 א (+14) 

                        +  0 0 0 0 0 1 1 0  אא (+6) 

                       0 0 0 1 0 1 0 0 א (+20) 

 
 

  F2 J10WEאאאאאאW 
  (00001000)2 – (00000100)2 

אWאW 
 8 – 4 = 8 + (– 4) = 4 

W 
                 0 0 0 0 1 0 0 0 א (+8) 

                         + 1 1 1 1 1 1 0 0 אא (– 4) 

                    1 0 0 0 0 0 1 0 0 א (+4) 

 
 

 
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א 
(Discard carry) 

 F2 J11WEאאאאאאK 
  (11100111)2 – (00001001)2 

אWאW 
 – 25 – (+9) = – 25 – 9 = – 34 

W 
                1 1 1 0 0 1 1 1 א (– 25) 

                        + 1 1 1 1 0 1 1 1 אא (– 9) 

                   1 1 1 0 1 1 1 1 0 (34 –) א 

 
 

2 J10אאאThe Octal Numbering System 
אאאא(8)(8)

F0,1,2,3,4,5,6,7Eאאאאאא
אאאאאא،אאא

אאאאאאאאK 
 

2 J10 J1אאאאOctal-to-Decimal Conversion  
אאאאאאא(8)

(……83  82  81  80)אאאא،א
)…... 512   64   8   1(،אKאאאאא

אאאKאאא(2275)8א
אW 

 
 
 

          אא :  83    82   81   80 

  א5    7     2     2  : א 

 (2275)8 = (2  83) + (2  82) + (7  81) + (5  80) 
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א 

א 

           = (2  512) + (2  64) + (7  8) + (5  1) 
           = 1024 + 128 + 56 + 5 = (1213)10  

  
2 J10 J2אאאא    Decimal–to–Octal Conversion 

אאאאאא
א(8)אאאאאאא،

(8)(2)K 
 

2 J10 J2 J1אאאאאא 
א150(10א(אאא150(8)

אא(8)אא
(0).אאאאא

אKאאאאאאא
)LSD( }igitDignificant S eastL{אאאאost M{

}igitDignificant S)MSD(אאW 
  

   
150 ÷ 8 = 18  6     (LSD) 

  18   ÷ 8 = 2  2 
  2     ÷ 8 = 0  2     (MSD) 

אW 
 (150)10 = (226)8 

  
 F2 J12WEאא10)624(אאK 
אW   

   
624 ÷ 8 = 78  0     (LSD) 

  78   ÷ 8 = 9  6 
  9     ÷ 8 = 1  1 
  1     ÷ 8 = 0  1     (MSD) 

אW 
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 الحامل

א 

 (624)10 = (1160)8 
 
 

2 J10 J2 J2אאאאא 
אאאאאאאא

אא(8)Kאא)0.265(אא
אא0.265(8)، אאא

(8)אאאא(0)אאא
אKאא)Carried Digits (אאאא
אKאאא)LSD(אא)MSD(א

W 
 

   
0.265  8 = 2.12  2 (MSD) 
0.12  8 = 0.96  0   
0.96  8 = 7.68  7  
0.68  8 = 5.44  5 

  0.44  8 = 3.52  3 
  0.52  8 = 4.16  4 (LSD) 

 
אאאאא(6)אאW 

 (0.625)10 = (0.207534)8 
 

 F2 J13WEאא10)44.5625(אאK 
אWאאאאא(8)K 

   
   

44 ÷ 8 = 5  4 (LSD) 
  5   ÷ 8 = 0  5 (MSD) 

אW 
  (44)10 = (54)8 
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 

אאאא(8)W 
 

   
0.5625  8 = 4.5  4  
0.5        8 = 4.00 4   

W 
 (0.5625)10 = (0.44)8 

אאאW 
 (44.5625)10 = (54.44)8 

  

2 J10 J3אאאאא    Octal-to-Decimal Conversion  
אאאאאאא

(8)אאאא1,8,64,512,4096אKא
אאאא)Digit(

אאאאאK
אאK 

 

 F2 J14WEאא(324)8אאK 
אW 

  אא :  82   81   80 

  אא :   3    2    4 
 

 (324)8 = (3  82) + (2  81) + (4  80) 
       = (3  64) + (2  8) + (4  1) 
       = 192 + 16 + 4 = (212)10  
 

אאאאאאאאא
אאא )Octal Point (אא

אאאאW 
 

  ……84     83     82     81     80    8-1     8-2     8-3     8-4……. 
אא 
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 

 F2 J15WEאא(567.14)8אאK 
אW 

  אא :  82   81   80        8-1   8-2 

     אא :   5    6    7         1    4 

 
 (567.14)8 = (5  82) + (6  81) + (7  80) + (1  8-1) + (4  8-2) 

              = (5  64) + (6  8) + (7  1) + (1  0.125) + (4  0.015625) 
     = 320 + 48 + 7 + 0.125 + 0.0625 = (375.1875)10  
 

2 J10 J4אאאאא   Octal-to-Binary Conversion  
)Digit (אא

)3-bits(אאאאא،Kא
אF2 J1KE 

 
 

7  6  5  4  3  2  1  0  אא
111  110  101  100  011  010  001  000  אא

 

אF2 J1EאאאK 
 

אאא
אK 

 

 F2 J16WEאא(357)8אאK 
אW 

  (357)8 = 3 5 7 
 
         011   101   111   
     

= (011101111)2  
 

 F2 J17WEאא(1276.543)8אK 
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אW 
  (1276.543)8 = 1 2 7 6    5 4 3 
          

       001   010   111   110   101 100   011   
      

= (1010111110.101100011)2  
 

אאאK 
 
2 J10 J5אאאאא   Binary-to-Octal Conversion  

אאאאאאאא
אKאא– J

אאאא
אאאאאאאא

אא
אאאאK 

 
 
 
 
 
 

 F2 J18WEאא(1011001011100.00101)2אאK 
אW 

  001 011 001 011 100    001  010 
 

   
  1   3   1   3   4     1       2 
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אאאאא
W 

 (1011001011100.00101)2 = (13134.12)8 
  

2 J10 J6אאאא   Arithmetic Operations in Octal System 

   אאאאK 
 

2 J10 J6 J1אאOctal Addition   

אאאאא–א)0,9(א
(9)אאא،(9)א(10)

אאאאאאKאאא
אאאא)0,1(אא(10)א

אאאאאKא
אאאאאאאאאא

(7)אאאא–אאא(7)א
(10)אאאאאא،א

(11,12,13,14,15,16,17)אאא(20,21,22,……,27) אאא
(30,31,……,37)אKאF2 J2Eאאא

אאאאאאאא
אאאאאאאK

אאאW 
 אאאאאאא

(7)K 
 אאא(7)אא(2)

אא،(7)אאא(8)א(7)א
א(10)א(2)אאא

אאאFאאאא
אאאKE 
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+  0  1  2  3  4  5  6  7  
0  0  1  2  3  4  5  6  7  
1  1  2  3  4  5  6  7  10 
2  2  3  4  5  6  7  10 11 
3  3  4  5  6  7  10 11 12 
4  4  5  6  7  10 11 12 13 
5  5  6  7  10 11 12 13 14 
6  6  7  10 11 12 13 14 15 
7  7  10 11 12 13 14 15 16 

 

אF2 J2EאאאK 
 

 F2 J19WEאא8(34) א،(42)8K 
אWאאW 

   34 
        + 42 
   76 
  

(34)8 + (42)8 = (76)8 
 

אאF4,2E3,4)E(7)
אK 

 

F2 J20WEאא8(56)א(63)8K 
אW 

         5    6 
             +  6    3 
   1    4    1 

 

אאא(7)(2)א
א)Carry(אאK 

 
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6 2 1 

2 J10 J6 J2אאאSubtraction in Octal System 

אאאW 
 אאאאאK 
 אאא(1)אא–אאא

(8)אאאאאאא
אאK 

 F2 J21WEאאאW (657)8 – (346)8      

אWאW 
         6    5    7  א  

             –   3    4    6  א 
         3    1    1   
  

(657)8 – (346)8 = (311)8 
 

אאא
אאK 

 

F2 J22WEאאאW(732)8  –  (634)8 

אW 
         

      7    3    2  א   

             –  6    3    4  א 
         0    7    6 
  

 (732)8 – (634)8 = (76)8 
 

אא(4)(2)אא
(1)א،אאאאאאא

אא(3)א(2)אאK 
 

2 J11אאאאHexadecimal Numbering System 
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א 

אאאאא(16)
)16(א )(0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F

א)A,B,C,D,E,F(אא)10,11,12,13,14,15(אK 
 

2 J11 J1אאאאHexadecimal–to–Decimal 

Conversion  
אאאאאאאא16(…163 

162 161 160)אאא )... 4096   256   16   1(א،
אא16)522.39(W 

 

  אא :  162   161   160        16-1   16-2 

אא :   5      2       2            3       9 

 (522.39)16 = (5  162) + (2  161) + (2  160) + (3  16-1) + (9  16-2) 
      = (5  256) + (2  16) + (2  1) + (3  0.0625) + (9  0.0039062) 
      = 1280 + 32 + 2 + 0.1875 + 0.0351558 = (1314.222655)10  
 

אאאאאאKא
אא(16)אאאK 

 

2 J11 J2אאאאDecimal-to-Hexadecimal 

Conversion   אאאאאאאא
(16)אאאאאאאאא

אאא(16)(8)(2). 
 

2 J11 J2 J1אאאאאאא 
אא10)97(אאא97(16)

אא(16)אא
(0)Kאאאאא

אאK،אאאאאא
)LSD(אא)MSD(אאW 

     
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א 

 الحامل

   
97 ÷ 16 = 6  1 (LSD) 

  6   ÷ 16 = 0  6 (MSD) 
אW 

 (97)10 = (61)16 
 

F2 J23WEאא(314)10אאאK 
אW  

  
 

  314 ÷ 16 = 19 A (LSD) 
  19   ÷ 16 = 1  3  
  1     ÷ 16 = 0  1 (MSD) 

אW 
 (314)10 = (13A)16 
 

2 J11 J2 J2אאאאאא 
אאאאאאא

אאא(16)Kאא(0.78125)10
אאאאא(16)אא

(16)אאאאאא(0)
אאאאKאאאאא

אאאKאאא(LSD)אאא(MSD)
אW 

 
   

0.78125  16 = 12.5    C  
0.5           16 = 8.00    8   

W 
 (0.78125)10 = (0.C8)16 

 

 F2 J24WEאא(329.52)10אאK 
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א 

א 

אWאאאאא16W 
   

   
329 ÷ 16 = 20 9 (LSD) 

  20   ÷ 16 = 1 4  
  1     ÷ 16 = 0 1 (MSD) 

אW 
 (329)10 = (149)16 

אא(16)אאW 
 

    
0.52  16 = 8.32      8  (MSD)  
0.32  16 = 5.12      5 
0.12  16 = 1.92      1 
0.92  16 = 14.72    E 
0.72  16 = 11.52    B 
0.52  16 = 8.32      8  (LSD)  

   
אאאאא(6)אW 

 

 (0.52)10 = (0.851EB8)16 
אאאW 

 (329.52)10 = (149.851EB8)16 
 

2 J11 J3אאאא Hexadecimal-to-Decimal 

Conversion  
אאאאאאא

(16)אKאאאאא
אאKאאK 

 
 

 F2 J25WEאאא(F9B)16אאK 
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אW 
  אא :  162   161   160      

א :   F      9      B   

 
   (F9B)16 = (F  162) + (9  161) + (B  160) 

             = (15  256) + (9  16) + (11  1)  
             = 3840 + 144 + 11 = (3995)10  
 

אאאאאאאאאאא
Wאאאאא 

 
  ……163     162     161     160    16-1     16-2     16-3 ……. 

 
אא 

 

F2 J26WEאאא(A15.C3)16אK 
אW 

   אא :  162   161   160        16-1   16-2 

אא :   A      1      5           C       3 

 
 (A15.C3)16 = (A  162) + (1  161) + (5  160) + (C  16-1) + (3  16-2) 

  = (10  256) + (1  16) + (5  1) + (12  0.0625) + (3  0.0039062) 
  = 2560 + 16 + 5 + 0.75 + 0.0117186 = (2581.7617)10  
 

2 J11 J4אאאאHexadecimal-to-Binary 

Conversion 
אאאא(0,1,2,……,9,A,B,C,D,E,F)

אאא)A,B,C,D,E,F(אאאא
)10,11,12,13,14,15(Kאאאאא

אאא،אא(4-bits)
אאF2 J3EK 

 
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 F2 J27WEא(3A5)16אK 
אW 

   (3A5)16       = 3         A        5  
          

      0011   1010  0101  
  = (001110100101)2  
 

אא אא אאא
0  0000 0 
1  0001  1  
2  0010  2  
3  0011  3  
4  0100  4  
5  0101  5  
6  0110  6  
7  0111  7  
8  1000  8  
9  1001  9  

10  1010  A 
11  1011  B 
12  1100  C 
13  1101  D 
14  1110  E 
15  1111  F 

 

אF2 J3EאאאK 
 

 F1 J28WEא(B35.D1)16אאK 
אW 

 (B35.D1)16 =     B 3 5  D 1  
         

     1011  0011  0101        1101 0001   
    

          = (101100110101.11010001)2  
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 2 J11 J5אאאאBinary-to-Hexadecimal 

Conversion 
אאאאאא

אאאאאאא
אאאא

Kאאאאאא
אאאא

אאאאK 
 
 
 
 

 F2 J29WEאא(110111101.101001)2אאK 
אW 

  0001 1011 1101    1010   0100 
 
 

  1   B   D       A  4 
 

אאאK 
 (110111101.101001)2 = (1BD.A4)16 

 

 F2 J30WEאא(11010010011.011001)2אאא
K 

אW 
  0001 1010 1011    0110   1000 

 
   
 1  A  B      6  8 
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(11010010011.011001)2 = (1AB.68)16 
 

2 J11 J6אאאאHexadecimal-to-Octal 

Conversion 

אאאאאאאאא
אאאאאאא

אאאK 
 

F2 J31WEא(AB3E.87D)16אאK 
אWאאאאW 

 (AB3E.87D)16 = (1010101100111110.100001111101)2  
אאאאא

W 
 

  001 010  101  001 111  110     100  001 111 101 
 

  
 1 2      5      4       7      6          4     1      7      5 
 

אאK 
  

(AB3E.87D)16 = (125476.4175)8 
2 J11 J7אאאאOctal-to-Hexadecimal 

Conversion 
אאאא

،א
،אאאא

אאאאK 
 

 F1 J32WEאא(25.342)8אאאK 
אWאאW 

 (25.342)8 = (010101.011100010)2 
 
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אאאאאW 
  0001   0101      0111   0001       

 
 
   1      2           7      1   
           

אאאאאאK 
  

(25.342)8 = (12.71)16 
 

2 J11 J8אאאאא 
Arithmetic Operations in Hexadecimal System 

אאאאK 
 

2 J11 J8 J1אאאאHexadecimal Addition 

אאאאF0,FEאאאא(F)
(10)אא،(10)אאאאאאא

אאאאאאאKא
אאאאאאא

א16(9)אא(A)16אא(9)16(B)16
א(F)16K 

אא(F)16א(10)16אא
אאאאא(F)16א(11)16א

Kאאאאאאא 
אF2 J4E،אאאא

אאאאאאאאאא
אאאאאK 

 
 

 
+  0 1 2 3 4 5 6 7 8 9 A B C D E F  
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0 0 1 2 3 4 5 6 7 8 9 A B C D E F 
1 1 2 3 4 5 6 7 8 9 A B C D E F 10 
2 2 3 4 5 6 7 8 9 A B C D E F 10 11 
3 3 4 5 6 7 8 9 A B C D E F 10 11 12 
4 4 5 6 7 8 9 A B C D E F 10 11 12 13 
5 5 6 7 8 9 A B C D E F 10 11 12 13 14 
6 6 7 8 9 A B C D E F 10 11 12 13 14 15 
7 7 8 9 A B C D E F 10 11 12 13 14 15 16 
8 8 9 A B C D E F 1011 12 13 14 15 16 17 
9 9 A B C D E F 101112 13 14 15 16 17 18 
A A B C D E F 10111213 14 15 16 17 18 19 
B B C D E F 1011121314 15 16 17 18 19 1A 
C C D E F 101112131415 16 17 18 19 1A 1B 
D D E F 10111213141516 17 18 19 1A 1B 1C 
E E F 10 11121314151617 18 19 1A 1B 1C 1D 
F F 10 11 12131415161718 19 1A 1B 1C 1D 1E 

 

אF2 J4EאאאאK 
 

 F2 J33WEאאW 
  (35AB2)16 + (1A675)16 

 
אWאאאאאאK 

  
            3 5 A B 2 
        + 1 A 6 7 5 
    5 0 1 2 7 
 
 (35AB2)16 + (1A675)16 = (50127)16 
 

2 J11 J8 J2אאאאHexadecimal Subtraction  

אאאאאW 

11 1 
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 אאאאאאא
אאאאאK 

 אאא(1)אאאאא
אאאאאאאא

אאK 

 
 F2 J34WEאאאW 

  (F2ABD)16 – (EF4CE)16 
אW 

 
   F 2 A B D 
       – E F 4 C E 
    3 5 E D   

 
אאאK 

 
 
 
 
 
 
 
 
 
 
 

 

1
1A9 1 E 
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 
 

1EאאאאאW 
a) 64                       b) 112                       c) 257                    d) 27.26 
e) 77.0625              f) 47.875                  g) 33.125 
 

2EאאאאאW 
a) 11011                   b) 1110101                c) 111111              d) 1110.11 
e) 10101.1101          f) 1100001.11011 
 

3EאאאאW 
a) 100 + 111    b) 1110.11 + 11.10 
c) 1111 + 1101    d) 1001.101 + 1101.11 
 

4EאאאאאW 
a) 1101 – 0100    b) 1001 – 0111 
c) 11010 – 10111   d) 1100 – 1001 
 

5EאאאאאאW 
a) 00110101   b) 11100100   c) 00010101 
 

6EאאאאאאW 
a) 11110110   b) 01011101   c) 00110011 
 

7Eאאאאאאאאאא
אא(8-bits) W 

a) +28  b) – 83  c) +99  d) – 120 
 

8Eאאאאאאאאאא
אא(8-bits) W 

a) +14  b) – 63  c) +107  d) – 122 
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9EאאF8EאאאאK 
 
10EאאאאאאאאאאאW 

a) 10111000   b) 01100100   c) 10110011 
 

11EאאאאאאאאאאאW 
a) 10011101   b) 01100110   c) 10101101 
 

12EאאאאאאאאאאאW 
a) 10101011   b) 000111101  c) 10111011 

 
14EאאאאאאW 

a) 00010110 – 00110011    b) 01110000 – 10101111 
c) 10001100 – 00111001    d) 11011001 – 11100111 
 

15EאאאאאאW 
a) 50        b) 100       c) 6391      d) 77.375 
e) 120.515625    f) 144.5625      g) 915.141 
 

16EאאאאאאW 
a) 42              b) 254       c) 1057   d) 37.5 
e) 96.11     f) 115.3       g) 14367.12 
 

17EאאאאאאW 
a) 72      b) 113       c) 16.3   d) 37.6 
e) 122.775     f) 417.632      g) 276.621 
 

18EאאאאאאW 
a) 110101.1101   b) 11110100.110101  c) 110110111.10101 
d) 10001001011.1001  e) 1010111.11101 
 

19EאאאאW 
a) (15)8 + (17)8     b) (44)8 + (66)8 
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c) (123)8 + (321)8    d) (272)8 + (456)8 

 
20EאאאאW 

a) (32)8 – (25)8     b) (147)8 – (74)8 
c) (315)8 – (222)8    d) (437)8 – (340)8 
 

21EאאאאאאאW 
a) 14   b) 80          c) 560  d) 3000 
e) 62500  f) 204.125         g) 255.875  h) 631.25 

22EאאאאאאW 
a) 9F   b) D52         c) 67F  d) ABCD 
e) F.4  f) B3.E         g) 1111.1  h) 888.8 
 

23EאאאאאאאאW 
a) 8  b) 1C      c) A64            d) 1F.C  e) 239.4 

24EאאאאאאאW 
a) 1001.1111      b) 10000.1        c) 110101.11001 
d) 10100111.111011     e) 1000000.000111       f) 1111100.1000011 
 

25EאאאאאW 
a) 13A      b) 25E6       c) 3016        d) B4.C 
e) 78.D3      f) 2659.F41 
 

26EאאאאאW 
a) 37           b) 725                      c) 2476.2           d) 1117.16 
e) 1600.524 f) 3000.6125 
 

27EאאאאW 
a) (41)16 + (36)16     b) (C8)16 + (3A)16 
c) (9B)16 + (65)16    d) (11D)16 + (2E1)16 
f) (77CB5)16 + (A5F72)16   g) (13EFD)16 + (21BB3)16 

 
 
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 
 



 

 

  

אאאאאא  

אאJJ11  




א
א

א




3 
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אאא א J1   


 

     

אאא 
 

אאאW 
 אאאאאK 

 אאאאאK 
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
 

     

3 J1Introduction 
 אאאאא
א J،אאאאאאא

אאאאאאאא،
אאאאאאא،אאK 

 אאאא،א
?אא?אאאאאא

אאK 
 אאאאאאאא

אאANDאORאNOTא(INVERTER)K
،אאאאאאאאאא

אאאאאאאK 
 

3 J2א  ANDAND gate 
 אאANDאאאאאאאא

(Logic Functions)KאאANDאא،א
א(Logical Multiplication)אאא،

אאאאאF3 J1Eא،A, B
אאאא(Two Binary Variables)

(0)אא(Open)(1)אא
(Closed)K 

 
 
 
 
 
 
 

 
Voltage Source 

(A)  (L)   (B) 
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
 

     

 
 

אF3 J1EאאANDאאK 
 

א(L)אאא(1)
א(ON)(0)א(OFF)Kאא

،א،F3 J1Eאא
א(L)אKאא(L)

אאאאא،(Truth Table)K 
 

L B A 




 
 

אF3 J1EאאF3 J1KE 
 

אF3 J2Eאאא(Standard)אAND،
אA,BאYאא،ANDKאF3 J2Eא

אANDK 
א א 

Y BA 
0 0 0 
0 1 0 
0 0 1 
1 1 1 

 

אF3 J2EאאANDKאF3 J2EאאAND
K 

Y 
B

A



א126 א א א 

אאא א J1   


 

     

  
א(bits)א،(1)א

אA,B(1)א،אAND،אא
א(1)א(1)K 

 אאFאEאאאW 
n2N   

W NאאK 
nאאK 

W 
 אאא42N 2  
 אא82N 3  
 אא 162N 4  

 F3 J1EW 
 אאאANDK 
 אאAND؟ 
אWאANDאא،אF3 J3E

אאאK 
 
 

אא 
Y C BA 
0 0 0 0 
0 1 0 0 
0 0 1 0 
0 1 1 0 
0 0 01 
0 1 0 1 
0 0 1 1 
11 1 1 

 
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
 

     

אF3 J3EאאANDK 
 

 אאאW 
  3222N 5n   

 

אא(Boolean Algebra)אא
אא،אאא(Boolean Expression)א

אKאאאANDאW 
  BAY   

 

אWאYA  AND  BFANDEא،
אאW 

  Y = AB 
אYA  AND  BK 

 אאא
(Pulses)אא(HIGH)א(LOW)Kא

אANDא،אאא
אK 

 ،F3 J3EאA,B(1)א
אt1אאYא(1)אא،t2א،A

(0)אBאY(0)אאא،
אאKאאאאאא

(Timing Diagram)K 
 
 
 

 
 
 

Y 
B 

A 

t7 t6 t5 t4 t3 t2 t1 

Y 

A 

 B
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
 

     

 
 
 
 

אF3 J3EאאאANDK 
 

3 J3 א  OROR gate 
 אאORאאאאאאאאKאא

ORאאא،א
(Logical Addition)אאאא،אאא

F3 J4KEאאANDאA,B
(0)א(Open)(1)א

(Closed)K 
 
 
 
 
 
 
 

 

אF3 J4EאאORאאK 
  

F3 J4Eאאא،אאא
א(L)אK 

 
L B A 


 
 



 
Voltage Source  (B)  

(A)  (L) 
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
 

     

 
 

אF3 J4EאאF3 J4KE 
 

אF3 J5EאאאאORא،A,Bא
YKאF3 J5EאאORK 

 
א א 

Y BA 
0 0 0 
1 1 0 
1 0 1 
1 1 1 

 

אF3 J5EאאORKאF3 J5EאאOR
K 
  

אF3 J5Eא(1)א
א(1)א،(0)א

(0)אKאאאORאW 
  Y = A + B 

אWאYA  OR  B+)OR(K 
 אאOR،אא

אANDאאא
אK 

 F3 J6EאA,B(1)אאt1א
אYא(1)אא،t2א،A

(0)אBאY(1)אאאא،
אK 

 
 

tttttt2t1

A 

B 

Y 
A

B
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
 

     

 
 
 

 
 
 
 

אF3 J6EאאאORK 
 

3 J4א NOT FאE  NOT gate (INVERTER) 
 אאNOTא(Inversion)א

(Complementation)Kא،אאא(1)
א(0)א،(0)(1)K 

 אאNOTאאאאKF3 J7Eאא
،אאאאF3 J6EאאאK 

 
 
 

א א 

Y A 
1 0 
0 1 

 

אF3 J7EאאNOTKאF3 J6EאאNOT
אK 

  

אא،אאא
אW 

  AY   
 

Y 
A

B

Y A 
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
 

     

אאWאYNOT AאAbarא
א،אYA barFAY KE 

 

3 J5א NAND NAND gate  
(NAND)א(NOT AND)ANDאא،

אאאאאANDF3 J8E،
אאאאאאANDאא

אאאKF3 J7EאאNANDK 
 

א א 
Y BA 
1 0 0 
1 1 0 
1 0 1 
0 1 1 

 

אF3 J8EאאNANDKאF3 J7EאאNAND
K 
  

אא(0)אאא
(1)א،(1) אאאא(0)

אאא،אANDKאאNANDאאאאאא
אאא،א

אNOT, OR, ANDאא،אא،NAND
אW 

 

  ABY   
 

אאNAND،אא
אאNAND(0)א(1)K 

Y 
A 
B
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
 

     

Y 
B 

A 

 F2 J9EאA,B(1)אאt1א
אYא(0)אא،t2א،A

(0)אB(1)אY(1)א،
אאאאK 

 

 
 
 
 

 
 
 
 

אF3 J9EאאאNANDK 
 

 

3 J6א NOR NOR gate  
 (NOR)א(NOT OR)ORאא،

אאא(NOT gate)אאOR
F2 J10Eאאאא،NORKאאNOR

F2 J8KE 
 

א א 
Y BA 
1 0 0 
0 1 0 
0 0 1 
0 1 1 

 
אF3 J10EאאNORKאF3 J8EאאNORK 

 
 

Y 

t7 t6 t5 t4 t3 t2 t1 

A 

B 

Y 
A 

B 
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
 

     Y 
A 

B 

אא(Y)(0)אא
א (1)א،(1)אא

(0)אאK 
אאאאאאNANDאאאNORאא

א،אNOT, OR, AND،Kא
אאNORW 

  BAY   
  

F3 J11EאNORאA,B،אא
אאNORאא(Y)אK 

 
 
 

 
 
 
 
 
 
 

אF3 J11EאאאNORK 
 

3 J7א OR אFאEExclusive-OR gate  
 אאORאא??XOR-gate،
F3 J12EאאאK 

 
א א 

Y BA 
0 0 0 

Y 

t5t4 t3 t2 t1 

A

B

Y 

B 

A 
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
 

     

1 1 0 
1 0 1 
0 1 1 

 

אF3 J12EאאXORKאF3 J9EאאXORK 
 

אאXORF3 J9Eאא،(Y)
(1)אאA,B،(1)א(0)،א

(0)אK 
אאXORאאORאאא

A = B = 1 אא،XOR(1)
(1)א(1)،אאא

אאאאאאK 
 

אאאאאאW 
  BABAY   

 
 

אאאאW 
  Y = A  B 

 

אABKאאאאXOR
אאאאAND,OR,NOTאא،F3 J13Eאא

אאאXORאK 
 

 
 
 
 

 
אF3 J13EאאXORאAND,OR,NOTK 

 

Y 

A 

B 
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
 

     

 F3 J14EאאXORא
אאא،א

אK 
 
 
 

 
 

 
 
 

 

אF3 J14EאאאXORK 
 

3 J8א NOR אFאEExclusive-NOR gate  
 אאNORאXNOR-gate،F3 J15Eאא
אK 

אאXNORF3 J10Eאא،(Y)
(1)אאA,BA = B = 0A = B = 1

(0)א(1)א(0)،א
(1)א،אאא

אאאאאK 
 
 
 

א א 
Y BA 
1 0 0 

t8 t7 t6 t5 t4 t3 t2 t1 

A

B

Y 

Y 
A  

B 
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
 

     

Y 
A
B 

0 1 0 
0 0 1 
1 1 1 

 

אF3 J15EאאXNORKאF3 J10EאאXNORK 
 

אאאאאאW 
  B AABY   

אאאאW 
  Y = A  B 
 

אאKאאאאXNOR
אאאאAND,OR,NOTאא،F3 J16Eאא

אאאXNORאK 
 

 
 

 
 
 

אF3 J16EאאXNORאAND, OR, NOTK 
 

 F3 J17EאXNORאA,B،א
אאXNORאא(Y)K  

 
 

 
 
 
 
 

Y 

t8 t7 t6 t5 t4 t3 t2 t1 

A

B

Y 

A
B 

Y 

A 

B 
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
 

     

 
 

אF3 J17EאאאXNORK 
 
 
 

 
 

1EאאאXאANDאאA,Bא،
אאאאK 

 
 
 
 
 
 
 
 

 

2EאאאXאORאאA,Bא،
אאאאK 

 
3EאאאXאNANDאאA,Bא،

אאאאK 
 

 
 

X

A 

B 

A 

B 

X



א126 א א א 

אאא א J1   


 

     

 
 
 

 
 
 

4EאאאXאNORאאA,Bאא،
אאאאK 

 

 
 
 
 
 
 
 

5EאאאXאXORאאA,Bא،
אאאאK 

 
6EאאאXאXNORאאA,Bא،

אאאאK 
 

 
 
 

A 

B 

X 



 

 

  

אאאאאאאאאא  

אאJJ11  




א
א


אא


א






4 
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אאא 
 

אאאW 
 אאאאK 

 אאאאK 
 אאאאK 
 K 

 אאאאאאאK 
 אאא(SOP)(POS)K 

 אאא(SOP)(POS)אK 

 אא(SOP)(POS)אK 

 אאא(SOP)(POS)אK 

 אאאא NAND, NORK 

 אאאאK 
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4 J1Introduction 
 א،אאאאאא

אאאאאאאKאא
،אאאאאKא

אאאK 
 אאאא،אא

،אאאאאאאFאא
אEאאאאKאא

אא)Karnaugh-Map( אא
–K )K–map(K 

 
4 J2אאאאThe Boolean Expression for a Logic Circuit 

 ،אאאאא
אאאאאKאאא،

אF4 J1EKאאאאאW 
1KאאאANDאאB A,BAK 
2KאאאANDאא,C ACAK 
3KאאאORאאCA , BACABA K 
 

אאאW 
  CABAY    
 
 

    
 
 

 

 
 

BA

A

B

CA 

Y 

A 

B 

C 
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אF4 J1EאאאאK 
 

 F4 J1EWאאאאאאF4 J2EK 
אW 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

אF4 J2EאאאF4 J1EאאאK 
 

אאאאאW 
  )CB()BA(DY   
 

4 J3אאאאאא 
Implementation of a Logic Circuit Using a Boolean Expression  

 אאאא
אאKאאאאW 

 

  )EFDC(ABY   
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אאאאאA,BEFDC א
ANDא،EFDC D,CאAND،E,F

אAND،אאANDאORK
אאW 

 

 
 

   
 

)EFDC(ABY   
 
 

  
 

אאאאאEFDC ؛
אאאאאEF,DCא؛

אDאאא،K
אאאאאא)EFDC(ABY W 

1KאNOTאDK 
2KאANDאEF,DCK 
3KאORאאEFDC K 
4KאANDאאYK 
 

אאאאאאאF4 J3KE 
 

 
 

 
 
 
 

AND  

AND 

OR  
NOT 

A
B 

D 

C 

E
F

Y  
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 
 

אF4 J3Eאאאא)EFDC(ABY K 
 

4 J4אאאא 
Implementation of a Logic Circuit via a Truth Table 

 אאאאא
،אאאאאאא

אKF4 J1Eאאאאא،אא
אאKאאאאW 

1K אאאאY=1אאא،
אY=1אA=0, B=1, C=0א،

אCBAאא(1)א،
(0)،א(1)אאאא

אאCABK 
 

אא 
Y C BA 
0 0 0 0 
0 1 0 0 
1 0 1 0 
0 1 1 0 
0 0 01 
0 1 0 1 
1 0 1 1 
0 1 1 1 

 
 

אF4 J1EאאאK 
2K אאאאאY=1אORW 

   
 CABCBAY   



אאא  126 א א 

אאאאא א J1   

  
  

  

 
 אאאאא CBAאאא

C,B,AאANDא،אאאCAB
אאאC,B,AאANDאאאא،OR

אאאYK 
 אאאאאאאWאNOT

אC,Aא؛ANDאאCBA،CABא،OR
אאאCABCBAY אאאאא،

אאF4 J4EK 
 

 
 

 
 
 
 
 

אF4 J4EאאאאCABCBAY K 
 

 F4 J2EWאאאאאאאF4 J2KE 
 

 

אא 
YC BA 
0 0 0 0 
1 1 0 0 
0 0 1 0 
1 1 1 0 
0 0 01 
1 1 0 1 
0 0 1 1 

C 
Y  

A 

B 
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0 1 1 1 
 

אF4 J2EאאאאאK 
 

אWאאאאאאא
Y = 1 FאאEאORW 

 

  CBABCACB AY   
 

אאאF4 J5EK 
 
 
 
 
 

 
 
 
 
 
 

אF4 J5EאאאאCBABCACB AY K 
 

4 J5אאאRules of Boolean Algebra  
 F4 J3Eאאאאאאא
אK 

 
2.  A  +  1 = 11.  A  +  0  = A
4.  A    1 =  A3.  A    0  = 0
6.  A  + A  = 1 5.  A  +  A = A

B 

A 

C 
Y  
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8.  A    A  = 0 7.  A    A = A
10.  A + AB = A9.  A = A 

 

אF4 J3EאאאאK 
 

 אאאאאאא
אK 

 

(1)א: A + 0 = Aאאא
אORא(0)،אאA،אא(1)(0)Kא
A=1(1)אאAKאA=0(0)א

AKאOR(0)אאאK 
(2)א:A + 1 = 1אאאאORא(1)

،אאA،אא(1)א(0)K(1)אאOR
א(1)אאאאאK

אOR(1)אא .(1) 
 

(3)א:0=   0    AאאאאANDא(0)
،אאA،אא(0)אאאאאK

אAND(0)אא.(0) 
 

(4)א:1  = A  A  אאאאANDא(1)
،אאA،אא(A)،אאA=0אאAND

(0)،אאA=1אאAND(1)אא
(1)KאAND(1)אא

אK 
 

(5)א:A + A = AאאאאOR
אA،אאאKאאA = 00 + 0 = 0א،

אA = 1א1 + 1 = 1K 
 
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1:(6)אAA אWאAא
ORאAאאאאאא(1)KאA=0

11000 KאA = 110111 K 
 

(7)א:A = A A אאAאאANDאא
אKאאA = 00  0 = 0אא،A = 1א1  

1 = 1א،אאANDאAK 
 

0 :(8)אAA אAאANDאAאא
אאאא(0)،אאאAA

(0)א،(0)אANDאא(0)
K 

 

(9)א:AA אאאאKאא
A = 0(1)،א(1)(0)

אאK 
 

(10)א:אאא(2)א(4)W 
      A + AB  = A (1 + B) 
         = A (1) 
    = A 

4 J6Demorgan's Theorems 
אאאא،אא

אANDאORKאא
)bars(،אאאאאW 

 

אW  
 

 אW  BABA  
 

BABA 
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אאORאAND
F4 J6EאאNORאאאאAND

Kאאאאאאאא 
אאאF4 J4EK

אאאאאאאANDא)negative AND(K 
 

 

 

 

אF4 J6EאORANDK 
 

א א 
  B A 

1  1  0  0  
0  0  1  0  
0  0  0  1  
0  0  1  1  

 

אF3 J4EאאK 

אאANDאOR
F4 J7EאאNANDאאאאOR

אאFאאאאאאEא،
אאאF4 J5KEאאאאאא

ORא)negative OR(K 
 
 
 

BA BA 

 BA   BA
B

A

B 

A 
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 

 

 

אF4 J7EאANDORK 
 

א א 
  B A 

1  1  0  0  
1  1  1  0  
1  1  0  1  
0  0  1  1  

 

אF4 J5EאK 

אאאאK
אאאאK 

 
F4 J3WEאאאW 

 
)CBA()CBA(Y   

אW 

 

CBACB A  C B A  C B A    

)CBA()CBA(    

)CBA()CBA(Y







 

 �

F4 J4WE  אאאW 
    

AB
A 

B 
BA 

A 

B 


BA BA 

CD)BA(Y 
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אW 
  

 
 

 
 
 

F4 J5EW  אאאW 
 

)CA(B)CBA(Y   

אW 
 

  

 
 

)CAB)(CA(B    

)CA(BC)B(A    

)CA(BC)BA(    

)CA(B)CBA(Y









 

4 J7אאאאאאא 
Simplification of Boolean Expressions Using Boolean algebra Rules 

 אאאאאאאFאאאE
،א،אאא

אאא،א،א
אאאK 

 

 F4 J6WEאאאאאאאאW 
 )CA(B)CA(AABY   

 

אWאאאאאאאW 
 BCABACAAABY   

 

אAAAFאא7אאאEאאW 

 )DC(BA    

)D  C( B A    

)CD(B)A(     

CD)BA(Y











אאא  126 א א 

אאאאא א J1   

  
  

  

 BCABACAABY   
 

א5A + A = A،AB + AB = ABאא،W 
 BCACAABY   

 

אAאאאאW 
 BC)C1B(AY   

א2A + 1 = 1،W 
 Y = A (1) + BC 

אא4A(1) = A،W 
 Y = A + BC 

 

אאאK
אאאאאאאא
אאאאאאאא،א

אאK 
F4 J8Eאאאא

אאFאFEE،אאאא
אאFאFEKE 

 
 
 
 
 
 
 
 

אF4 J8EאאאF4 J6EK 
 

A 

B 
C 

FE 

Y 

Y 

A 

B 

FE
C 
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אאאאא،
A, B, C،אאאK 
 

F4 J7WEאאאאאאא
אK 

 ABCBCACB AC B AY    
אWאאא،אאאא،W 

 

 
A)ABC(C)C(B A    

ABC)BCA(C)B AC B A(Y




  

       

א6W 
 1BC1B AY   

 
א4אאאW 

 

 C B  B AY    
 

F4 J8EאאאאK 
 
 

 
 
 

 
 

 
 
 
 
 

C 

B 

A 

Y  

C 

Y  

A 

B 

FE FE 
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 
 
 
 
 

אF4 J8EאאאF4 J7EK 
  

4 J8אאאאStandard Forms of Boolean Expressions     

،אאא،،א
אאאא)roductsP-fO-umS(אא)SOP(،

אאאא)umsS-fO-roductP(אא)POS(K
אאאאאאאK 

 

4 J8 J1א(SOP)   The Sum-of-Products (SOP) form  
אאאא(product term)Kאא

אאאDCBA , BA AB,אK
אאאא(Sum-of-

Products)W 
C B AC B AC B A    

אאאאאאא
אאא،אאאא

אאאKאאאANDא،
(1)(0)FאאאANDKE 

 

4 J8 J2א(POS)   The Product-of-Sums (POS) form  
אא،אאאא(sum 

term)Kאאאא CBA  , 
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BA KאKאא
אא(Product-of-Sums)W 

C)B)(ACBA)(C BA(   

אאאאאאא
،אאאאאא

אאאאKאאאOR،
א(0)(1)FאאאORKE 

 

4 J9אאא(SOP)אא(POS)  
Converting Standard (SOP) to Standard (POS) 

אא(binary values)א
(SOP)אאא(POS)Kאאא،
(POS)K،אאא(SOP)אא

אא(SOP)אא(POS)אאא،W 
אאWאא(SOP)אאאא،

אאK 
אאWאאאאאאK 
אאWאאאאאא

א(POS)K 
،אאאאאאאא

(POS)אא(SOP)K 
 

F4 J8WEא(SOP)אאא(POS)אK 
 

 CBAC B A  C B A  C B AY   
 

אWאאאאאא
א(1)،אאא(0)،W 
 

 Y = 001 + 011 + 100 + 110 +111 
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אא،אאא(23)K
א(SOP)אא،

(POS)אאא000,010,101א،
W 

 )CBA)(CBA)(CBA(Y   
 

אאא(0)،אאא
(1)K 

 

F4 J9WEא(SOP)אאא(POS)אK 
 

 CBAC B A  C B A  C B AY   
 

אWאאאW 
 Y = 000 + 001 + 101 + 110 
 

אאאW 
 010, 011, 100, 111 

אא(POS)אאW 
 

 )CBA)(CBA)(CBA)(CBA(Y   
 

4 J10אאא(POS)אא(SOP)  
Converting Standard (POS) to Standard (SOP) 
،אאאאא،אא

אאא(POS)אא(SOP)Kאא
אאK 

 

F4 J10WEא(POS)אאא(SOP)אK 
 

 C)BA)(C B A)(CB )(AC B C)(A B A(Y   
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אWאאאאאא
(0)אאאא،(1)،W 

 

 Y = (000)(001)(011)(101)(110) 
 

א(POS)א،א(SOP)
אאא010, 100, 111א،W 

 

 ABCCBACBAY   
 

F4 J11WEא(POS)אאא(SOP)אK 
 

 )C B A)(C B A)(C B C)(A B A(Y   
 

אWאאאW 
 Y = (010)(011)(101)(111) 

אאאW 
 Y = 000, 001, 100, 110 

אא(SOP)אאW 
 

 CBAC B A  C B A  C B AY   
 
 
 

4 J11אא(SOP)אא   
Converting Standard (SOP) Expressions to Truth Table Format 

א(SOP)א،א
אאאאאאK،

אא(23 = 8)א،
אא(24 = 16)Kא(1)

א(Y)،אאאא(0)אא
אKאאK 

 

F4 J12WEאאא(SOP)אW 
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 

 ABCCBACBAY   
 

אW،אאא
אאאאF4 J6KEאאא

אאW 
 001CBA   100CBA   111ABC   

 

،אא(1)א(Y)،א
אאא(0)אK 

 
אא 

Y C BA 
0 0 0 0
1 1 0 0 
0 0 1 0 
0 1 1 0 
1 0 01
0 1 0 1 
0 01 1 
1 1 1 1 

 

אF4 J6EאF4 J12EK 

F4 J13WEאאא(SOP)אW 
 

 CABCBABCACBAY   
 

אWאאאאאW 
 010CBA   011BCA   101CBA   110CAB   

،אא(1)א(Y)
אF4 J7Eאאא،(0)אK 

 
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אא 
Y C BA 
0 0 0 0
0 1 0 0 
1 0 1 0 
1 1 1 0 
0 0 01
1 1 0 1 
1 01 1 
0 1 1 1 

 

אF4 J7EאF4 J13KE 

4 J12אא(POS)אא   
Converting Standard (POS) Expressions to Truth Table Format 
אא،אא،

(POS)אאאאא،א
אאK 

 

F4 J14WEאאא(POS)אW 
 

 )CBA)(CBA)(CBA(Y   
 

אW،אאאא
אאאאF4 J8KEאאא

א(POS)אW 
 

 000CBA    010CBA   100CBA   
 

،אא(0)א(Y)،א
אאא(1)אK 

 
 
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 
 
 
 

אא 
YC BA 
0 0 0 0
1 1 0 0 
0 0 1 0 
1 1 1 0 
0 0 01
1 1 0 1 
1 01 1 
1 1 1 1 

 

אF4 J8EאF4 J14EK 
 

F4 J15WEאאא(POS)אW 
 

 )CBA)(CBA)(CBA)(CBA(Y   
 

אWאאאאאאW 
 

001CBA  , 011CBA  , 
110CBA  , 111CBA   

 

،אא(0)א(Y)
אF4 J9Eאאא،(1)אK 

 
אא 

Y C BA 
0 0 0 0
1 1 0 0 
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1 0 1 0 
0 1 1 0 
1 0 01
1 1 0 1 
0 01 1 
0 1 1 1 

 

אF4 J9EאF4 J15EK 

 

4 J13אאאאא   
Determining Standard Expressions from a Truth Table  

אא(SOP)אא،אא
(1)Kא،אאא(1)א

،(0)אאKאא،0101
W 

 DCBA0101  
 

אא(POS)אא،אא
(0)Kא،אאא(0)א

،(1)אאKאא،1010
W 

 DCBA1010   
 

F4 J16WEאF4 J10Eאאא،(SOP)،(POS)W 
 

אא 
YC BA 
0 0 0 0 
0100 
0 0 1 0 
1 1 1 0 
1 0 01 
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0 1 0 1 
1 01 1 
1 1 1 1 

 

אF4 J10EאF4 J16EK 

אW1'sאאאאW011, 100, 110, and 111K
אאW 

 

 BCA011  CBA100   CAB110   ABC111  
 

אא(SOP)(Y)W 
 

 ABCCABCBABCAY   
 

(POS)א،(0)אא000,001,010, and 101Kא
אW 

 
       CBA000  , CBA001  , 

   CBA010  , CBA101   
 

אא(POS)(Y)W 
 

  )CBA)(CBA)(CBA)(CBA(Y   
 

4 J14אאאאNAND, NOR   
The Universal Property of NAND and NOR Gates  

אאאאאאאאANDא،
ORאא،KאאאNANDאNORא

)Universal gates (Kאאא
א،NANDאאאAND،NORK
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אNORאאא
NORאאאANDOR,NANDK 

 
 

4 J14 J1 אאNANDNAND gate as a Universal Logic 

Element    
אאNAND،אאאאAND،

OR،NORKאאאNAND
אאאF4 J17FEEאNANDא

KANDאאNAND
F4 J17FKEEאאORא אNANDF4 J

17FKEEאאאNOR F4 J17FKEE 
 

 

 

 

 

 

 

 

 

 

 

FE 

A A A A 
FE 

AB
AABAB ABA 



אאא  126 א א 

אאאאא א J1   

  
  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

אF4 J17EאאאNANDK 

 

 
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 

 

 

 

 

4 J14 J2אאNORNOR gate as a Universal Logic 

Element  
אNAND אא،NOR אאא{ANDOR,،

אNANDKF4 J18EאאNORאNOT
אORאNANDK 

 
 

 

 

 

 

 

 

 

 

 

A  A A A 

B.ABA   

A A 

B 
B 

 AB 
B

A

BABAAA

 A + B 
A 

B 

BABA  A 

B 

BA  

FE

FE 

FE 
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 

 

 

 

 

 

 

 

 

אF4 J18EאאאNORK 

 

 

4 J15אאאאאאאNAND , NOR 
Design of Combinational Logic Circuits using NAND and NOR gates   

אאאNANDא،NORאא
אאאאאNANDאאORא)Negative - OR(،

אאNORאאANDא)Negative-AND(Kא
אOR{ANDאאאא )Logic diagram (אK 

 

4 J15 J1אאאNAND NAND Logic 

א،NANDאNAND אOR א،א
אW 
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 BABA   
 
 

אאאאאF4 J19KE 
 

 
 
 

 
 
 

אF4 J19EאאאאאNANDK 
 

אא)Y(אאאאאאW 
 

)CD)(AB(Y   

אW 
CDABY   

אאא)bars(W 
CDABY   

 

אא)Y(،AB+CD ،אAND
א.ORאאא)Y(אאNANDא
F4 J19EאANDאNANDאאORK

אא)Y(אF4 J20FEEאאאאNAND
אאOR אKאא

אF4 J20FEEאא،F4 J19Eאא
F4 J20FEEא،W 

 
(AND-AND-OR)(NAND-NAND-NAND) 

Negative-OR NAND 

Y = AB + CD 

ABA 

B 

CD

C 

D 
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 

  
 
 
 
 
 
 
 

F4 J21EאאאאNANDאאא
אאאOR JאK 

 

 
 
 

 
 

 
 

 
 
 

א(Y)אF4 J21WE 
 

F)ED(C)BA(Y

F)ED(C)BA(    

]F)ED[()C]BA[(    

]F)DE[(]C)AB[(Y









 

Y = AB + CD 

AB
 

A

  B 

CD
 

C

D FE 

 Y = AB + CD 

A 

B 

C 

D 
FE 

  ).19-4(تكافئ الدائرة في شكل AND-AND-ORإثبات أن ) 20-4(الشكل

אF4J21EאאאאאאOR J

Y

CAB
 

AB A 

B 

C 

DED  

E 

F 
FDE
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 
אאOR JאאאNANDאאא

F4 J22Eא،(Y)אאאK 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

F4 J17WEאאאאNANDW 
 

  
 

אWאאF4 J23KE 
 

 
 
 
 
 

EDABCY)b(

DEABCY)a(





אF4J23EאאאאF4 J16KE 

E 

ABC 

DE 

Y = ABC + DE 

A 

B 

C

D FE 
E 

ABC

EDABCY   

A 

B 

C

D FE 

F)ED(C)BA(Y  

BA 
 

A 

B 
C)BA(  

C 

ED  D 

E 
F)ED(  

F 

אF4J22EאאאF4 J21EאאOR J
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 
 
 

 
 

4 J15 J2אאאNORNOR Logic   
אאNORאNORאAND Jא

אW 
 

                BABA   
 

 
 

אאאאF4 J24KE 
 
 
 
 

 
 
 
 
 
 
 
 

אאאאאW 
  

אW 
   

Negative-AND NOR 

)DC()BA(Y 

)DC()BA(Y 

(A + B) (C + D)

D  

C 

BA A 

DC 

B 

אF4 J24EאאאאאNOR
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אאאW 
    

 
 

א(A + B)(C + D)אORאANDא،
אאאאORאאאאAND

F4 J25FKEEאאאF4 J25FEEאאאAND J
אK 

 
 

 
 
 
 
 
 

אF4 J25EאאאF4 J24EאאAND JאK 
 

F4 J26EאאאאNORאאא،
אאAND JאKא(Y)אW 

 
  

 
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 
 
 
 
 
 
 
 
 
 
 

אאAND JאאאNORאאF4 J27KE 
 

 
 
 
 
 
 
 
 
 

 

אF4 J27EאאאאF4 J26KE 
 

F4 J18WEאאאאאNORW 
  

 
אWאאF4 J28KE 

 

)ED(C B AY 

FED  
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 
 
 
 
 
 
 

אF4 J28EאאאאאNORK 
4 J16Karnaugh Map 

K-אא،אאא
אאKא

אאאאאאא
אאא،אאא

אאאKK 
אאא

אK،א
)array (א)cells(אא،

אKאאאא
אK 

،אאאא
אא،אK

אאאאאאא
אאאאא      

)Quine - McClusky (אאאא
אאKאאא

אא،Kאא
23 = 8אא24 = 16K 

 

)ED(C B AY  

E 

CBACBA  

D 

C 

A 

B  



אאא  126 א א 

אאאאא א J1   

  
  

  

4 J16 J1א 
Karnaugh Map for Two, Three, and Four Variables 

אאאFאKE
F4 J29E،א)A,B(א)B,A(

FאEF00,01,10,11KE 
Y B A 

  0 0 

  1 0 

  0 1 

 A B 1 1 

 

אF4 J29EאK 

אאאאאאK
א)Input Labels(אF4 J30E

אאKאא،אA،אא
אAאאKאאBאא

א،אBאאאK،אאאא
אBAK 

 

 

 

 

אF4 J30EF22 = 4KE 
 

AB 

BA

B B 

A

A 

BA

BA

BA

BA

BA

B B 

A

A 
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F4 J31FEE،F4 J31FEEאFE،
אFKE 

 

 

 

 

 

 

 

 

 

אF4 J31EאK 
 

4 J16 J2אא(SOP)Karnaugh Map (SOP) Minimization    

      
א،

אאא(SOP)Kא،
אאF4 J32FEEK 

אא،אאאא
א(1)אאאאא

(SOP)F4 J32FKEE 
אאאאאאאF4 J32FEEKאא

אאאF4 J32FEEK 

CB BC CB CB 

A 

A 

DC CD DC DC 

BA

BA

AB

BAFE 

FE 
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אא
אאאאK(1)אא

(1)א،אא(0)א(0)
אאK(1)אא

אFBAEאאא،FABKEאא
)B A,BA((0)،א(0)אאK 

 

 

א א 

Y B A 

0 0 0 

0 1 0 

1 0 1 

1 1 1 

 

 

 

 

 

FE 

 

FE 
 

FE 

A 

A 

Y 

FE 

BA 

BA 

1 

0 

B B 

0 

1 

BABAY  

1 

0 

B B 

A

A 

0 

1

A 

Y=A 

B A A B 

B A A B

FE 

FE
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אF4 J32EאאאאK 

אאאא
Complements)Eא،1AA Kאאא

F4 J32FEEאאאאא،K 
אF4 J32FEEאא     

)adjacent cells(אKא
אאא،Kאא

1(א(אF4 J32FEEאא
אאאאKאאאBA,ABB,B

،א،אAW 
 ABBAY  � FאאאE �

A1A    

)BB(AY




 

  

אאאאאאאF4 J32FEE
אא)Y(א)A(Kאאא

F4 J32FKEE 
 

F4 J19WEאאאF4 J33FEE
אK 

אWאא،א،א
F4 J33FEEK 

אאא1(א(אF4 J33FEE
אאא

F4 J33FKEE)0(אא،אאא
F4 J33FEEאאאאאא،

FאאEאKאאאA,A
אCBאאא،C,CאBAK 
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אאאאאאאאא
،אF4 J33FEEKאאאא

אANDאאORא
אאא16אאאא،

אANDאORאא،
אא6אאF4 J33FKEE 

 
 
 
 

אא 
Y C B A 
0 0 0 0 
0 1 0 0 
1 0 1 0 
0 1 1 0 
1 0 0 1 
1 1 0 1 
1 0 1 1 
0 1 1 1 

FE 

 

 
 

 
 

 

  FE CB BA

CB BC CB CB 

A

A 1 1 

1 

1 
Y 

FE 

CBBAY  

B A  B C C A
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 

 

אF4 J33EאאאאK 

1(א's(אFאE
א،،א2KF4 J34Eא

אאאא،K
אאאאF1'sEאא

אאאאKאאא
אא،אאF

אא،אא
א،אאאKE 

 

 
 
 
 
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 
 
 
 

FE FE

D

B

B A 

DC CDDC D C 

AB 

BA 

1 1 1 1 

 1 1  

0 1 1  0 

1 1 1  1 

BA 

DBY

DCBADCABDC BAD C BA

ABCDCDBABCDADCBA

DCB ACDB ADC B AD C B AY









FאE 
FאE DBBADCY

DCBACDBADC BA

D C BADABCDCABD CAB

DBCADCBAD CBADC B AY









 

FאE 

DB 

BA

BA

DC CD DC DC 

BA

0 1 0 0 

1 1 0 1  

1 1 0 1  

1 1 1 1  

BA

AB
DC  

 
 

אF4 J34EאאK

FאE 

FאE 

CAB

D A 

BA

AD 

DC CD DCD C 

AB 

BA 

1 1  1 1 

1  0 0 1 

1 1  1 0

0 1 1 0

  

FאE CDBADC BAABCD

DCABD CABDBCAD CBA

DCB ACDB ADC B AD C B AY







B ADBAADCABY 

FE 

B A 

BA

CB D

DCBACDBAD C BA

DABCD CABDBCABCDA

D CBADCB ACDB AD C B AY







FאE 

DCBCAY  FאE 

FE 

0

0

0

0 1 

CA 

1

1

1

1

1 

1 1 

1 1 

DCCDDC DC 

BA

BA 

AB 

BA

 
 

1  
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 
4 J20Wאאאאא(SOP)אאא

F4 J11Eא،K 
 

אא 
Y D C B A 
0 0 0 0 0 
1 1 0 0 0 
0 0 1 0 0 
1 1 1 0 0 
0 0 0 1 0 
1 1 0 1 0 
0 0 1 1 0 
1 1 1 1 0 
0 0 0 0 1 
0 1 0 0 1 
0 0 1 0 1 
1 1 1 0 1 
0 0 0 1 1 
0 1 0 1 1 
0 0 1 1 1 
1 1 1 1 1 

 

אF4 J11EאאאאF4 J20EK 

אWאאאאאאא)Y(
אא(1)אאאא،W 

 

ABCDCDBABCDADCBACDBAD C B AY   
 

אאאF4 J35E،
אאא)Y(אאאK 

 
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 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

אF4 J35EאF4 J20EK 
 

F4 J35Eא
א)1's(Kאאאא

אBאBאCאCאDAK
אאא

אאB,B,A,AאCDKאאאW 
 

DA

CD 

B A 

DC CD DC DC 

AB 

BA 

0 1 1 0 

0 1 1 0 

0 0 1 0  

0 0 1 0 

BA 
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  CDDAY   
 

4 J16 J3אא(POS)Karnaugh Map (POS) Minimization    

      
אאאא(SOP)א،

אאא(POS)K 
4 J21Wאאאאא(POS)אאא

F4 J12Eא،K 
אWאאאא(POS)אא،

אא)Y(אא(0)א،(POS)
אאW 

 

)DCBA)(DCBA)(DCBA(      

)DCBA)(DCBA)(DCBA)(DCBA(Y




 

�
�
 

אא 
Y D C B A 
0 0 0 0 0 
1 1 0 0 0 
0 0 1 0 0 
1 1 1 0 0 
0 0 0 1 0 
0 1 0 1 0 
1 0 1 1 0 
0 1 1 1 0 
0 0 0 0 1 
1 1 0 0 1 
1 0 1 0 1 
1 1 1 0 1 
0 0 0 1 1 
1 1 0 1 1 
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1 0 1 1 1 
1 1 1 1 1 

 
אF4 J12EאאאאF4 J21EK 

 
אאאF4 J36E،

אאא)Y(אאאK 
     F4 J36 E  א    

 א      ،)0's(   א א ،K
א     א א א א  BאB 

א DאD א CA K א   
אא          א אB,BאאA,A

אDC   Kא  אCאC،
אDBA K  

  
  
  
  
  
  
  
  

 
 
 
 
 

 
 
 
 

CA  

C+D 

B A 

DC CD DC D C 

AB 

BA 

0 0 1 1 

0 0  0 1 

0 1 1 1  

0 1 1 1  

BA 

DBA   
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 
 
 
 

אF4 J36EאF4 J21EK 
 

אאא(POS)W 
 

 )DBA)(CA)(DC(Y   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
 

 
1Eאאאאא J1K 

 
 
 
 

 
 
 

א J1 
 
2EאאאאאאאאW 

a) BABA       b)  
         c)                        d)        

 
3EאאאאאאאK 

 
אא 

Y C BA 
0 0 0 0
1 1 0 0 
0 0 1 0 
1 1 1 0 
0 0 01
1 1 0 1 
0 01 1 
1 1 1 1 

 

C 
Y  

A 

B  

BCAABAB 

)DC(BA  )]CB(DC[BA 
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4EאאאאאW 
 a)                  b)                    
 c)                                  d)   

 
 
 
 
 

5EאאאאW 
 a)                      b)                  
  

c)                                         d)      
  
6EאאאאאאאאW 

 a) )CB(B)CB(ABAF   

 b) CD]AB)BDC(AB[F   

  c) CBACB A  C B A  C B AF   

 d) C B A  C A  B AF   
 

7E حول التعبيرات القياسية(SOP)  الآتية إلى التعبيرات(POS) القياسية:  

a) CBACB A  C B A  C B AF   

b) CBACB A  C B A  C B AF   

c) CBACBACBA  C B A  C B AF   
 

8Eאאא(POS)אאא(SOP)אW 

a) )CBA)(CBA)(CBA)(CBA(F    

b) )CBA)(CBA)(CBA)(CBA(F   

c) )CBA)(CBA)(CBA)(CBA)(CBA(F   
 

)DC(BA  )EFCD(AB 

DABC)DCBA(  )DCBA()DCBA( 

C)BA(  )CB)(BA( 
)BAAC(A  )BAA(A 
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9Eאאאא(SOP)אW 

a) CBACBAC B A  C B A  C B AF   

b) CBA C B A  C B A  C B AF   

c) CBACBAC B A  C B A  C B AF   
 

10Eאאאא(POS)אW 

a) )CBA)(CBA)(CBA)(CBA(F    

b) )CBA)(CBA)(CBA)(CBA(F   

c) )CBA)(CBA)(CBA)(CBA)(CBA(F   

11Eאאאא (POS),(SOP) אאW 

 

A B C F 

0 0 0 1 

0 0 1 1 

0 1 0 0 

0 1 1 0 

1 0 0 1 

1 0 1 0 

1 1 0 1 

1 1 1 0 

 
 
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אאW 
 

א א 
Y C B A 
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1 0 0 0 

1 1 0 0 

0 0 1 0 

0 1 1 0 

1 0 0 1 

0 1 0 1 

1 0 1 1 

1 1 1 1 

 
 
 
 
13EאאאאאNANDW 

 a)                        b)       
 c)                            d)  
 

14EאאאאאNORW  
 a)                                  b)   
  

c)                                 d)   
 
15Eאאאאא(SOP), (POS)W 
 

a)  
 

b) DCBADABCDBCADCABDCBADCBADABCF2   

 
c) DCBADCABDCABDCBADCBAF3   

DBCADCABDCBADABCDCBADCBAF1 

EDABCD  DABCBA 
EDCBA  CABABCBCACBA 

)BA()CBA(  )ED(CBA 

)FED()CBA(  )DC()BA( 
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 
d) �

 
 
 
 

CDBADCBADBCABCDADCBADCBADCBADCBAF4 
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