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6Lאאאאא
אK 

7Lאאאאאאאאא
אK 

8LאאאK 

9LאאאאאאK 
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1 JאאVoltage, potential V  אVolt  V 

2 JאאElectrical current I אAmpere A 

3 Jא
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Electrical  resistance R  א Ohm  

4 JאאCapacitance  C  אFarad  F 

5 Jא Induction  L Henry  H 

6 Jא
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א 
 

אאאא 
 

 
78 

10 J9 N  nano 

10 J12 P  Pico 

אF3E 
 

אא Test and Measurement  Equipment 
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אא(AC)1000K 
אאא1100א
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2K אK 
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אאK 
אאאאאא
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אZ500FאאאE 

 
אZא×א 
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אאאאאאא
אאK 

Wאא
א 



א 
 

אאאא 
 

 
112 

א 
אאאאא

אK
אFאאEאאKאא
אאא110אFא127
EאאAC،אאא

FאEDCK 
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DC.  

 JאW
אאאאא،א

אאאאא
אאאאאFKE

אאא،
F1Eאאאאא

659Ωאאאאא
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אDC V א א 
אF1EV1 א1EKKKKKKKKKKKKKFZא1EKFZEKKKK

 
אF2EV2 א2EKKKKKKKKKKKKKFZא2EKKKKKKKKKKKKKFZ
אF3EV3 א3EKKKKKKKKKKKKKFZא3EKKKKKKKKKKKKKFZ
אF4E(Vt) =V4  V3 + V2 + V1EKKKKKKKKKKKKKFZ

 
V3 + V2 + V1EKKKKKKKKKKKKKFZ

 
אF5EV5 V3 + V2 ZEKKKKKKKKKKKKKKKKF V3 + V2 ZEKKKKKKKKKKKKKKKKF 
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א 
 

אאאא 
 

 
144 

 

 
 

אF5EV5 א10DC V 
  



א 
 

אאאא 
 

 
145 

LאאW  

  
  

אאאאאאאאאאW 
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4K אאC א BF012E
אאFא CאEאאא
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1K אאאאאאאK 
2K אאאאא

DC AK 
3K אאאא

אאאK 
4K אאK 
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אא 

אאW 
אאאאאא،א

א  א     א א  
אאאאאK 

אאאW 
אא{אW 

1 JאאאאK 
2 JאאאאK 
3 Jאאאאא

K 
א א א     א א א  

א  אאאא אאא א אא
אאאא29אKKK 
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אK 
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אאאאאK 
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אאאאאאאאא

אK 


אאאW 

אאW 
WאאW 

אאאאאאאא
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אF220Eאא
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א11000א20000F11 J 20E
220000אF220E
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אא Volt  )V (  

אא Current  )I (  

אא Resistor  )R(  
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Lamp Lamp Switch 
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Battery 1.5V

L L SW Bat. Bat. 
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 אאWאאאא 

LאW 
אLאאאאK 

אאW 
1K אא1.5DC VK 
2K אFאKE 

3K אK 
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 JאאאאFאKE 
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1K אאאאאW 
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1K אאאFאEא
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2K אאאא
אאאK 
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 Resistor  א 

  
  
  

אאאאא
FאEאFאEאFאOhmERK 

אאאא
אאאאא

אאK 
1 Ohm 1 Ω 
1 K Ω 1000 Ohms = 1 K Ohm 
1 M Ω 1000000 Ohms = 1 M Ohm 

אאאאאאא
אאאאא

אKאאאK
אאאא

אאא،א
אאאאאW 

1K אא 
2K אא  
3K אאFאE 
4K אאא 

WאאResistor) RWE 
אאאא

אאאאא
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אא 
Aluminum Housed

אFאEא 
Jumper (Zero Ohm) 

 
א א Carbon Comp אאאאLow Ohm 

 
א אאCeramic Encasedא אNetwork 

 
א אFilm אא אאאPower 

Film 

 
א אFoil א אSpecialty 

 
א אFusible א אSurface Mount 

 
אא אאHigh Voltageאא א Temp ensitity 

 
אאאאHigh Ohm א אWire wound 
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: אא (Potentiometer or Variable Resistor  VR): 
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א10KΩאאאא
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WאאPhotosensitive Resistance 

 א    א א   א א א
 א    א א   א  א

  Fא F ECds E Fא F ECdseE {א   
FאEא Kא אא 
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אאאאK אא

א100v200v300v אFאאE 
)  (wאאא30  אא300אK

אאא {
    א א   א אא   אא K 

אא אאאKאא
  א  אא א    .

אאאphototransistorאא
   אא E       C אא W 
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אאאFאאEאא
אאאאאאא
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אאאאאאFא

Short CircuitEאאאא
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אאאאFאEא
אאא
אאא

אK 
 

  

אW 

אא؛
אK 



א 
 

אאאא 
 

 
172 

 

 אאW 
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אאאאK 
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אאWאאאFאאאE 

        ،،א ،،
א،א ،א 
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א،אאא א، a b ،א

،א ،،אא،אא
אא،אאא

،א  א، a  bא،،
،א،א ،אאאאא

،،א א، 

a  b אאא، ،א،א
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،אאא ،אא،

א،אא אאאK
אאK 

،אאאאא
אאא،אא ؛אאא،א

،אא א،אאא
א،אא ،א0 ΩK 

אLאאאK 
אאW2K 

אאW 
1K אאFאEK 
2K Test Board   K 
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1K אאאאW 
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אאאאאאא

אאאFx10kohmE
אאאאאאא

אאאאאאא
אאאFShortEאאF∞Eא

אאאFOpen EאאאK 
FאאאאאאEאK 
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3K אאאאאW 

    
 A ~ B 

 
T2 

 A ~ B  
 
T1 

 A ~ C A ~ C 
 B ~ C B ~ C 
 D ~ E D ~ E 
∞A ~ D∞ A ~ E 
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אאFאE
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אאWאאא 

א אאא؟א
אאאKאאא

אK 
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אאFEאאאא

אא?אאאאא?אא
אאאאאאא?א

אאאאאK 
אFאEאאאW 
 



 
 

 
 

 
 

Wאאא
אToleranceKאאא?אא?

אאא
5٪א10٪20٪FEאא

אאאאK 
אאאא؟אW  

אWאאאW،،،
؟א 

אW100000 Ω10%90000110000 ΩK 
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אLאאאאאK 

אאW 
1K F9EאאאאאK 

אאW 
1K אאאאFאKE 

2K א )Test Board.( 

אאW 
1K אאK 
2K אאאא x 1kΩא

אF1Eאא
אאK 
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Ohm     ±   20 % 3 k 3     
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אאWאא 

אאאאאא
אאאK 

אWאאאRt = R3+R2+R1 

 
אWאK 

אאאאאאW 
 

 
אWאאאא 

אאאא 
10אאא

אא 
 = 5 + 5 + 5 = Rt = R3+R2+R1  Ohms15 
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אLאאאאאאאK 
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 JF2Eאאאא 2200 ΩK 
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1K אאאאFאKE 
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אאאWאא 

אאאאאאא
אאאאאאאK 

אWאאאאאK 
 

 
אWאא1/Rt=1/R3 + 1/R2 + 1/R1 

 

 
אאאאא10V

אאאF3EF5Eאא 
=1/5 + 1/5 + 1/50.2 +0.2 + 0.2 = 0.6 Ohms 

אWאאאK 
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R1= R3= R2  
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א 
 

אאאא 
 

 
186 

  
 

 
 
 

  

אא 

אאאא  



א 
 

אאאא 
 

 
187 
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אאWאאאאאא
אK 

אאWאאאאא
W 

 
o אאאאאא

אאאא 

o אאK 
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אאW 

1K K 
2K אאFאEK 
3K אK 

4K אאK 
5K ( Data Show )K 

 
אאWאאאאאא

אאאאאאאא
אאאאK 
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אא 

אאאKאאא
אאאאאאאאK  

אאא 

אא
אאאא

אאאאK 

 אאאאאא
אאK 

אאאאאW 


،אאFאE
אאאאא
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 JאאReactive ElementsW 
אאאF

אEאW 
1 JאResistorsW 

 R 
 אאא 
 אWאאא،אאא

אאR א،אאאא
אאFIE،אא

אאRאאאאאא 
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Vא،אRאVאF3 J1E

אאאאK 

 
אF3 J1E    

אא  

א  

אא  

אא  

א NTC 

א PTC 

אאאא 
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2 JאCapacitorsW 
 אאC 
 אאאאF 
 אWאאאאאאאא

،אFECouplingFE
BypassKאאאאא

אאאאאאא
אאאFאאE،אא
אאאאא

אאאאאKא
F3 J2EאאאK 


אF3 J2E 

 

אא 
Fixed Capacitor 

 

אא 
Variable Capacitor 

 

אא 
Electrolytic Capacitor 

אא אא 

אW
אאא

אאK  
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3 JאאאאW 
 אאLאאHK 
 אאWאאא

אאאK 

 אאT 
 אWא{אאא{אא

MatchingK 
 אWאK 
 אWאאK 

אF3 J3EאאאאK 

 
אF3 J3E 

אא 
Fixed Coil 

אא 
Variable Coil 

א 
Transformer 

א 
Relay 

א 
Motor 

אאאאא 
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אאKאאF
אEאאF3 J1Eא

אK 
אא

אShortK 

 
 

אF3 J1E 
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 JאאActive ElementsW 
אא

FBiasingEאאא
W 

1 JאDiodesW 
א 

אאWאאאאא
אאאKאF3 J4Eאאא

אK 
 

 
אF3 J4E 

א 
א

אDiode  

אא

א 
Rectifier Brige

א 

א 

אא
א

אא
Varactor 

אאאאאאא 



א 
 

אאאא 
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2 JאאאTransistorsW 
אא{W 

 Jאאא   Bipolar tr.  JאאאFET 
 אאאאWאאא{

Electronic Switchesא،F3 J5Eא
אאאאאK 

 

אא א אא 

אאאא 
NPN(Transistor) 

 

 

אאאא 
PNP 

 

אאאא 
P-type (UJT) 

 

אאא 
Photo Transistor NPN 

 
אאJFET 
אא 

N-Channel (FET)  

אאאא 
P-Channel 

 
אF3 J5E 

S

G
D

S

G
D

E

B
C

T2

E

T1

E

B
C

E

B
C



א 
 

אאאא 
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3 JאאSCR & Triacs 
 אאz،،אxFG, K, AE 
 אאz1{2،אxFG, T2 , T1E 
 אSCRWאאאאא

אFKE 
 אWאאאאאF 

EK 
אאא

אא{אKאF3 J6Eא
אאאאאK 

אF3 J6E 
  

א 
SCR 

א 
Triac 

  

אאאא א אא 



א 
 

אאאא 
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4 Jאאאאא 
אF3 J7EאאאTrigger

אאאK 


אF7E 

אאאאUJT 
FאE 

אאאאא
PUT 

 

אאאSBS 

 

אDiac 

 

אא 

אא א 

אW 

אאא
אאK 



א 
 

אאאא 
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5 JMiscellaneousW 
אF3 J8Eאאאא

Kאאאא 
אאאאא 

א 
Battery 

 

 

אא 
Power Supply 

 

 

אא 
Solar Cell 

 

 
א 

Fuse 

 


 

א 
Switch 

 

  

אאאIC 
Integrated Circuit 

 

 

א 
Voltmeter 

 

  

א 
Ampere-meter 

 

  

א 
Loud Speaker  

אF3 J8E 
 

A

V

1

4 5

 

S

+

+

+ -



א 
 

אאאא 
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א 
 

אאאא 
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א  Capacitor or Condenser  

אאאאK
אW 

אW 

 

 

  

אא אא אא 

 

 
 

אא: 
1K אאK 

2K אאאאא
 

3K אאאאאK 
 



א 
 

אאאא 
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אאאאאKא

אאא
אאKאא

אאאK 
 

  
  

 אאאאאK
אאאאאאאאא

אK 

  
  

  

אאאאאאאא
א אאאאא

אא{א{א{אא 

 

 

 



א 
 

אאאא 
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א א 

CאאFARAD 
אאאאאאW 

 

µF
Micro 
Farad 

6
-

10
F

 

nF
Nano 
Farad

9
-

10
F 

 

pF
Pico 

Farad
12

-
10

F
 

 
  

אאאאW 

אאPico Farad 
א{א{אW102=1000pF  
א{א{אW100000pF= 100nF= 0.1µf 

  
  

אאאא Plastic Film Type   

אאאKאאא
אאאK 

1 JאWאאאאאnאא
א 

2 JאWאVאאV  

3 JאWאW  



א 
 

אאאא 
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א א 

%20 M 

%10 K 

%5 J 

%2.5 H  

1 pF 

א
 

F 

 
  
  

אW 

  
 

אאW 

 

 

 



א 
 

אאאא 
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אאאא
אאW 

אאאKאאאא
2א100א3א1000

א 

אאאאKK10٪אM20 ٪ 

אאאאאאאK 

WאW474K63؟א 

א4747אK 

א4אא10000א47 x 10000  =

470000אFא0,47אEK 

אאאאKא٪10 



א 
 

אאאא 
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63אאKאאאאאZ63 

אא                                                       Ceramic Disk Type  

א א     אא {א {א { 
אא{א א (uF, nF, pF) אאא

א   pF א      א א
אא אא pF  

  Kא      א  א א 
אאאאאW 

    

 

 

 

 

 

 



א 
 

אאאא 
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אאאK؟א
אאאאא

0.10.47אK،
אאאאא473

א471000 ×א47א،אאא
אאאW  

 



א 
 

אאאא 
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א 

אאא 

 אאאאאא
אW 

 
 

 
 
 

אאא 
 אאאאאאא

א W 

 
 
 
 
 



א 
 

אאאא 
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 אW 

אאאאW 

 JאאאאK 

 JאK 

 JאאאאאW 
 Jא1אµf אאאF

אKEאא10000Ω
אאאא

אFEא
FEאFKE 

 
 
 
 
 

 
 

 
 

بأ



א 
 

אאאא 
 

 
209 

 Jאאאאאא
OpenKאאאאאא
ShortK 

 Jאא)0.5) אµfא
אאא

אאאא
אאאא

Shortאאאא
אאאKא

אא،אאא
אאאאאK 



 JאאW 

 Jאאאאאא
אאFEא

אאK 

 
 JאאאSpark TestאאKא

אאאK
א،אאאאאא

אFEאאא،
אאK 

 



א 
 

אאאא 
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א 

אLאאאK 
אאW 

אאK 

אאW 
1K אאאאFאKE 

2K אFTest BoardKE 

אאW 
1. אא 

2. אאאא
אK  

  
  

LאאW 
1K אאא  1 Mohm אK 
2K אאאאאK 
3K אא∞

אא،אK 

אא א 
  

  

    

 
 

 



א 
 

אאאא 
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LאFאWE 
א 1 Mohmאאא،Kא

אאא،אאאא
אאא∞Kא

אאאK 



אא א 
  

  

    

 
 
 
 
 
 
 
 

  



א 
 

אאאא 
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א 
אאאאאאא

אאאאא
אאK 

 

אאאW 
  Jאאאא )Low Pass Filter(אאאא

אאאאאאK 
 J אאאא)High Pass FilterEאאאאא

אאאאאK 
 Jאאאא )Band Pass FilterEאא

אאאK 
אאאW 

 אאאאW 
1K אאאאא

K 

 
2K אאאא

אKאאא
אאאאאא

אאאKאאאא
אאאK 





א 
 

אאאא 
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3K אא

אאKאא
אאאאK 

 
א 

אאאאאא
אאאKא

אאאאאאK 
  

אאFRC filterE 
אאאאFLow Pass FilterE 

אאאאאאKאאא
אא אא

אאאאKא
אאאאאאאאK 

 
 
 
 



א 
 

אאאא 
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FאאLאאאEאאא 


 

אאאא)High Pass Filter ( 
אאאאאאKאאא

אא אאא
אאאKאא

אאאאK 

 
 

FאאLאאאEאאאW 

 
  
  

אאאא )Band Pass Filter( 
 אאאאאא

אאאאאאאא
אאK 

 
 



א 
 

אאאא 
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FאאLאאאEאאאW 
 

 
 

א)Cut off Frequency( 
אאא אאאאא

אאאאאאאK 
אאW 

אZ1FL2   E 
Z3.14159 

Zא 
Zאא 



א 
 

אאאא 
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אא 
אאאא

FKEאא
אאאKאאאK

אW 

 
אאאא)HENRY(K 

  CoilsTypesאא 
WאW 

אאאאאאאW 
1K אאאאאW 

אאאאאאאFאEאאא
אK 



  
  قلب هوائيو ملف ذ

 
2. אאאאW  

אאאאאאא
אאא،אא

10K 
אאאאאאאאאא

אאאאאאאאא
Kאאאאאאאא

אאאאאאאאאK
אאאאאאאא

אאא 



א 
 

אאאא 
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3K אאאאW 
אאאא{א

،א
אאאאאK 

 
 

4K אאאאW 
א،אאאא

אאאאאאK 

אאא 

 

 
 

  



א 
 

אאאא 
 

 
218 

 
WאאW 

אאW 
אאאאא،אאאאא
2020K 

אאאאאאK 
אאW 

אאאאאאאאאא
אאאA M465K 

אאאאאאאאK 
אאW 
אאאאאא2،

אאאאKאאאאאאאK 
אאאאא

אאאאאאאאאאא
אאאאK 

אW 

    
  

  



א 
 

אאאא 
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אאאאW 

אאא
אאאא

אאאאK 
אאאאאאאא

אאאאאאאא
אאאאK 

 

  

 

אאא
אא 

  
אא

אא 

   

אאאאW 
אאאאא

אאאאאא
אאאK 

 



א 
 

אאאא 
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אCoils 
אW 

אformer
W 

1K אאאK 
2K א،א

אאferriteK 
3K אאא

אא،אא
K 

 

 
 

אאW
א
אאאא

אאאאK 
 

אאW
א

א
אK 

אאאא
אאאK 

 



א 
 

אאאא 
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אאאW 
אאאאאא
אאאא،אא

אאאאאאא
אאאאאאא

?אאאK?אאאW
אאK 

 
אאאאW 

אאאFאE FאKEא J3^10
K 

 

 
אאאאW 

1 JאK 
2 JאK 
3 Jא

אK 
אK 

 אW 
1 JאאK 
2 JאK 
3 JK 

 



א 
 

אאאא 
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אW
אcoilאאאאא

אאאאF
אEאאאאאK 

אא
אShortK 

 

 
 

 אW 

אאFאאEאא،
אFאEאא

FKE 

 
 



א 
 

אאאא 
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אאא 
 

 

אא 
 

א 

 

אא  



א 
 

אאאא 
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אא Diode FאאE 
אא 

 
 

אW 
FאאEאא،

אאאאF
E،אא

FEאאאא
אאKאאאאא

אאא0.65K 
אא،אKאא

FPE،אאאאאאFNEא
אא،אאF

Eאא، אאאא 
 
 



א 
 

אאאא 
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אאאא 

אאאK
אאW 

  

 
אאאאא

א 
 

אאאאאאא
אאאW1N4004, 1N914, 

1N4733 
 
 



א 
 

אאאא 
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אאאא 

אאא
אאאאאאFLogic 

Circuits.(אאא)LEDKE 
אאאאW 

אאאאאאא
אאאאאKFאאאE 

אאאW 
אאאא

אאאא)Zener(אאא
)LED.( 

אGe DiodeW 


 

אאאא 
אאא،אK

אאאאאאאBridge
FPower Diode  4001N1EאאאאK 


  

אSe DiodeW 
אאאאא

אאא،K 



א 
 

אאאא 
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א )ZENER (  

  אאD C  אא
אאאא،אא
אא،אאאאא

א?א?אאאאא
אK 

אאאא
אKאאאאK 

אאאאאאאאאא
אKאאאאא

אאאא
אאאאאKא

אאK 

 
 

אאאZener Voltage Regulator: 
אאאאאא א   ODC 

אRאאאא،א
אאאאאK 

 
 



א 
 

אאאא 
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אאLight Emitting Diode (LED): 
אאאL.E.DאK

אאאאאאא
אאאאא

א אKא
 6801אאLED 

 
 

 
אאאאאאא

אאאאאאאאK
אאאא

אאK       
      א450 

      אFE555  

      אFE590 
      אFE625 

      א655 
      אFאEאא900 
      אFאEאא930  

אאאאא  

      א 
 
 
 
 



א 
 

אאאא 
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אאPhoto Diode: 

אאPN
אK 

  

 

 אאאא،אאא
אאאא،אאא

אאאאאאK 
אאא 

 

 
 
 
 



א 
 

אאאא 
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אאVaractor Diode:  

אאאאאאאK 
אאאא

אK 
אW 

אאאא،
אאאPא،N

Kאאאא 
אא،אא א

אאK 
 

 
אאאW 

General 
Diode 

Zener 
Diode

Tunnel 
Diode 

Schotky 
Diode  

Varactor 
Diode 

Gun 
Diode

Light 
Emitting 

Diode 
LED 

Photo 
Diode 

Photo 
Diode

    

א
א 


א


א 




א
א 

א
א


א
א

א
א

 
 
 



א 
 

אאאא 
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אאW 
אא א،אא

אאKאאאאא
אאW 

אאW 
 J  אאאאא

אא،אאאא0.7
א0.3אKאאW 

 J  אאאאאא
אאא

א. 

 
אא 

אאWאא.. 

A - א 

B - א  

 אאWא 

A - אאאאא 

 B - אאא Tuninig 

 E - אאאא Tunnel 



א 
 

אאאא 
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 P - אאא 

 Q - אאא LED 

 T - אא Rectifier 

 X - א 

 Y - אאאא 

Z - א  
 

 
אאא 

אאאא،א
Zener אאLED.  

אאאאאAnalog Voltmeter 
1K אאאא

אאאאFx 10 KE 
2K אאאאאאא

אאK 
3K אאאאFאא

אאאאE
אאK 

4K אאאאאא
אK 

5K אאאאFOpenE
א 

אאאFShortKE 
 

 
אאאאא

אK 



א 
 

אאאא 
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אא 

1K אאאאא
2000 ΩK 

2K אKאא
אW 

 

אאאאאאW 
 אא אא א אאא 

אא
 

אאא אאא 

אא
 

אאא
 

אאא 

א
אאF

א 600 ΩE 
אאא 

א
אאא

 

אאF
א600 ΩE 

 
  



א 
 

אאאא 
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אאאאאDigital Voltmeter 

א  1 Jאאא
2 Jאאאאא

אK 
3 JאFאאEאאKאא

א(OL)אFEא
אאאFE 

4 JאאאF0.5V0.7VEאאא
אאאא

אאFאEאאFאאאE
K 

5 Jאאאא0.2V0.3Vאא 

אK 
6 Jאאא(OL)אאא

אK 

 
 
 
 
 

 
 

אW 

אא
אאאאK 

 بأ



א 
 

אאאא 
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אאאW  
 אא אא א אא א 

אא
 

אאא אאא 

אאא
 

אאא אאא 

א 
אאF 

א600 Ω( 
אאא 

א אאא 
אאF 

א600 ΩE 

 אאW 

אאאאאאא
אאאאא0.5V0.7V

אאאFEאאאא،
אאFEOLאא2V

אFKE 
 

 
 

 



א 
 

אאאא 
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אאVZאא
אKאאאW 

1 JאFE1KΩ
אאK 

2 Jא،אאא
אאאא

אvzK 

 
 

אאLEDW 
 אאאאא

אאאא1.52.5
K 

אאאLEDsא
אאאK 

1 JאאאOLאFKE 
2 JאאLED א1.6 VאLED

אF1.8אVא،2.2Vא،
2.5Vא،2.7Vאאא،1.1V
EאFKE 

 
 



א 
 

אאאא 
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 אW 

 JאאאW 
 Jאאאא

K 

 Jאאאאא
אאאא

Open CircuitK 

 Jאאאאא
אאHFEאF JE

אאאאFאKE 

 



א 
 

אאאא 
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 JאאאאאK 

 JאK 

 

 
 

 JאאאW 

אאאאאא
אאאW 

1 JאאאאOL
אאאאאK 

 

 
 

2 Jאאאאא
אאHFEאF JEא

(OL)אאFEאא0.7Vא
אאFKE 

 
 
 
 
 
 

אW 

אאאאא 
אאאאאK 



א 
 

אאאא 
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3 JאאאאK 
4 JאאאאEHF

אCOM)EאFEאאאא
א1.1VאFEאOLאFKE 

 

 
 

 
 
 
 
 
 

 

 



א 
 

אאאא 
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אאFאאאE 

אLאאאאK 
אאW 

1K F2EאK 
2K F2EאאK 
3K F2EאK 

אאL 
1K א 
2K אאאאFאKE 

אאW 
1K א1 Mohm 

2K אאא(A)אא
א(B)אK 

3K אאא(A)אא
א(B)אK 

4K אאאאW 

 

 

א A،
אB  

א A،
אB  

א   

K ohm K ohmא D1  

K ohm K ohmא D2  

K ohm K ohm א ZD1 

K ohm K ohmא ZD2  

K ohm K ohmא LED1 

K ohm K ohmאא LED2 



א 
 

אאאא 
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אא Transistors  

  

  

  
  

      א
?אא?،א،אאאאא

אK 
אאאאאאאאאא

אאא
FאאFEאאאE 
אאW 

 
 

1K אFCollectorECW אאאא
،אאא)reverse(אK 

2K אFBaseEBW אאאא
)forward (،א)reverse(אK 

 



א 
 

אאאא 
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3K אFאEFEmitterEEWאאא

אFאאEאאPNPאאאNPN
א)forward(

אK 

אאאW 
אאאW 
1. אאאPNP:  

אאאPNPאאP אN 

אאאPNP. 

 
 

אאאPNP 
2K אאאNPN: 

אאאNPNאאNאP
אאאNPN. 

 
אאאNPN 

אאאא
Kאאאא

אאKאאאא
)NPN()PNP(אאאא

אW 
 
 
 



א 
 

אאאא 
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אאאאא؟אאK

אאאאאK 
אאW 

אאאא
אW 

 
אאW 

אאאאא
אאאFאאKE

אאאאא
אFאאKE 

אאW 


אאא 

 


אא א 

 

 
 
 



א 
 

אאאא 
 

 
244 

 
אאW 

אאאאאאאא
אW 

אאWאאBaseאא . 
אאWאאאאאאK 
אאWאאBaseאא 

אאא،אאאאאא
K 

  
  

אאTransistor Connection Types 

 
 

אאאאאאא
אאאאאא،אאאא

K 
 

1K אאCommon Base: 
אאאEmitter and Base،א

א א Base and Collector אBaseא
אאא،אCommon Base. 

 



א 
 

אאאא 
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אאאאאCommon Collector 

 

2K אFאEאCommon Emitter: 
אאאEmitter and Base،אא

אCollector and EmitterאEmitterא
אאא،אCommon EmitterK 

 

 

אאאאאCommon Emitter 
  

3K אאCommon Collector: 
אאאCollector and Baseא،

אאFאECollector and Emitter אCollector
אאא،אאCommon 

CollectorK 
 

 

אאאאאCommon Collector 

 
 



א 
 

אאאא 
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אאאW 

1K אBase אאאא. Emitter 
א CollectorK 

2K א Emitter  אא 
א Base  אאאא

א Emitterא Collector אאK 

3K א  א  Emitter-Base   Forward א 
א א Collector-Base  Reverse. 

4K אEmitterא،אאא
 א א F אאE ،  PNP   א  א   

Emitter א NPN אאא EmitterK 

 

 
אאאFאאE אא NPN 

אאאאW 

אאאאאאאW 
אאא

אW 
 
 
 
 
 



א 
 

אאאא 
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אאאNPN
PNP.אאאאאאא

אאאK 
 
W 

1K אאאאאאא
K 

2K אאאאאאא
אאאאאאא

אאאK 
  



א 
 

אאאא 
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אאאאאאאW 

אאאא
אאאאאKא

אאאאא
אאאאאא

אKאאאא
K 

אאאאאא
אאאאאK

אאאא
אK 

אאאW 
אאאאאא

NPNPNPאW 
1K אאא 
2K אאא  

אאאאאNPN 

אאאK 
אאאW 

1K אאא 
2K אאא  

אאאאאPNP 

אאFאEאK 
 
 
 
 



א 
 

אאאא 
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אא UJT  
 אאאאאא:  

1K אאאאא Base1  Base2 

אEHFאאאF JEא
אKאאאא،א

.  
2K אאF JE Emitter אאEHFא

א Emitter  Base1، א Emitter  Base2 
אאא.  

3K אאאF JE EmitterאKEHFא
אאF JEאא  Emitter  Base1، א 

Emitter  Base2 אאא
. 

 
 
 



א 
 

אאאא 
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א 
 

אאאא 
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 אאW 
2KKKKKKKKKKKKKKא 
SKKKKKKKKKKKKKKKKאK 

A~D....... ABאPNP   . C أوDא .NPN 
  A CKKKKKKKאK 
  D B KKKKKKאK 

אאאאאאאK 
אאאW2אSאK

אאאאאW 
WSC19232 

אאCאאא אא 
א א 

א
 אא 

PNP small 
power general 

purpose 
A 

אא 

 
PNP power B 

א
 אא 

NPN small 
power general 

purpose 
C 

אא 

 
NPN power D  

  P-channel FETJ 

 N-channel 
FET 

K 

  אאWאאא.. 

 A - א 

 B - א  
 
 



א 
 

אאאא 
 

 
252 

 אאW.. 

  C - א Jא 

D - א Jא 

F - א Jא 

L - א Jא  

אא 

 אאאאאW 
אאאאאאא
אאאאאאא

אאאאאK 
אאK  1Lאאא

2LאאPNאאOLא
אאאאK 

3LאאאאאאאBase
אאאאא،EHFא

אPאאNPNא
אאFאENאאPNPK 

4Lאאאאאא
אא0.637VאFKE 

5Lאאאאאאא
אאKא0.563VאFKE 

 
 
 
 
 
 



א 
 

אאאא 
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6LאאאאEאאא
אCK 

7LאאW 
 JאאOLאאאאא

FKE 
 JאאאאK 

8Lאאאא0.4V ـ  א0.7Vــ
אאـ 0.2א אא0.3Vــ

אK 
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1K אאאאאאא)SPST( 
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2K אאאאאאK 
3K אאK 
4K אK 
5K אK 

6K אאK 

7K אאאאK 
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אאא
 

 

Reset  א 4 

אא
אא 

Control Voltage  א 5  

אא
א

אא2L32L3
אK 

Threshold א 6 



א 
 

אאאא 
 

 
273 
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אאFSumming AmplifierWE 

 
אאאאאאאW 

אאאאK 
אאZ JF1H2E 

אא؟א 
אאאאאK 

Wאאאאא
אKאאK 

אא)Difference Amplifier:( 

 
אאאאאאאW 

אK 
אאFZ2 J1E 

 



א 
 

אאאא 
 

 
280 

 
Wאא12א

אאKאאK  

  

אאא 
  

1K אW 
אאאא

 

  
  

2K אאFאאWE 
אאאא 

 
 

3K אא 

 



א 
 

אאאא 
 

 
281 

 

 
אא 

 אאW 

אאאאאאא
אFEאאK 
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אR1,    R2,   R3אאK 
אאאאאRtW  

Rt = R1 + R2 + R3   
  

אאאW    Vt = V1 + V2 + V3                                         
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אאאאW 
1K א،א

אK 
2K אאאK  

1W 
אאאאאאא 

.    R1= 30 Ω     R2 = 70 Ω,    R3 = 100 Ω, R4 = 120 Ω  

א:    
Rt = R1 + R2 + R3 + R4   = 30 + 70 + 100 + 120 = 320 Ω  
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אאאאא 

אאאאW  
  

1 
= 

1 
+ 

1 
+ 

1 
Rt R1 R2  R3 

אאאאW 
1K אאK 
2. אאאאא

אאאK  

א2WאאאאאאאאW 
R1 = 50Ω        R2 = 90 Ω      R3 = 150 Ω         R4 = 450 Ω  

אW 
1 

= 
1 

+ 
1 

+ 
1 

+ 
1 

Rt R1 R2 R3 R4 
1 

= 
1 

+ 
1 

+ 
1 

+ 
1 

Rt 50 90 150 450 
1 

= 
9 + 5 + 3 + 1 

= 
18 

= 
450 

Rt 450 450 18 
 

Rt = 25 Ω 

 אאאאאK  
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אVZאI  Xא

Rא Vא
אK 

אAאא
א  

אΩ   ا 

אI Z
אV 

אR 

אR Z
אV 

אI 

 
  1مثال:אאאאאא220א vW 

 

 
  

 

אW 
אאא،אאא

 
             Rt  =  R1 +  R2  +  R3  +  R4                                                      

Rt =  10 + 20 + 30  + 50  =  110 Ω           
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220 

= 2 A110 
  

א2W 
אאאאאאאא

220 
  

  
 





א 
 

אאאא 
 

 
291 

אא 
 

1 
= 

1 
+ 

1 
+ 

1 
+ 

1 
Rt R1 R2 R3 R4 

  
1 

= 
1 

+ 
1 

+ 
1 

+ 
1 

Rt 10 20 30 60 
  

1 
= 

6 + 3 + 2 +1 
= 

12 
= 

60 
Rt 60 60 12 

  
אא Rt =   5  Ω             

  

44 =  220 
= א

5 
  
א3W 

אאאאאא
אא؟א 

אW 
 

22    = 
220 

= אR1 
10 

 11    = 
220 

= אR2 
20 

 7.33        = 
220 

= אR3 
30 

 3.67        = 
220 

= אR4 
60 

 
אאZ3.67 + 7.33 +  11+  22      =44 
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o אאWאאאK 
o אאWאאאאאאא 
o KאאWאאאאאאא

 
o אאאWא1.5אאK 
o אאWאאא 
o אאWאאא 
o אאWאאאאא 
o אאWאאאK 
o אאWאאאאא 
o אאWאאא 
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o אאאWאאאאK 
o אאאWאאאאK 
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אאאאW 
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אאאW 
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  :  R1    قياس قيمة المقاومات 
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אאWא  R1    R2 אא 

אאאאW 
אאאאא{א{אא 

 
אאאW 

אאא{א 
  

אR2  ,  R1 אאאאW 
  

 

 
 
 
 
 
 
 

אF3E
 

 



א 
 

אאאא 
 

 
299 
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2K אאK 

3K אאאK 

4K אFאאKE 
5K אאFb , aEK 

6K אאא 

7K אK 
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אאאאRt אא 
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אאR2  ,  R1W 
  

1K אאK 
2.  . 

  
אאאאRt אא 

RT = R1 + R2 
אZאXא   V = I * R                                      
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אאR2  , R1אאאאW 
  

1K אאK 
2K   . 

3K א 

  
אאאאRt אא 

1 
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1 
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1 
Rt R1 R2  

 
 

אZאאא 
It  =  V  /  Rt                                                  
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אאWאאאאאאא 

  

אאאR3  ,  R2  ,  R1 
1K  

  
I1  =  V  /  R1 

 
I2  =  V  /  R2  

 
I3  = V  /  R3  
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אI3    



א 
 

אאאא 
 

 
313 

 
אאWאאאאאאא

 

 

אאאW 
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KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

  



א 
 

אאאא 
 

 
382 

 

אאא 

אאא  

אאW 
 אאא

אאאONאאא
אאאTR2אאאאא

אאאTR1אאK 
 


30 

אאאאW 
1KאK        2KאK 
3Kא0.1MF K    4Kא0.05MFK 
5KF2EאאK      6KאאK 
7KאאK      8Kא4.7KΩ 
9Kא50KΩK      10Kא1KΩK 

11Kאא10MFK    12Kא220KΩK 
13K3vK      14KאK 

אאW  

אאאאאאKK 



א 
 

אאאא 
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אW 
 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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אאאא 
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אאא 

אאאא 
אאW 

 אאאאאא
אאאTR1אאא

אאאTR2،אא
אאאאאTR1

אאאTR1אאאTR2
אאאK 

 


 

אאאאW 

1KאאK     2K3vK 
3KF2Eא2انSC945  K   4Kא100ΩK 
5Kא10KΩK    6Kא4.7KΩK 
7Kא220ΩK     8KF2EK 
9Kא47KΩK    10KאאK 

11KאאK 
אאW 

אאאאאאאK 



א 
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אW 
 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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אאאא 
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אאא 

אאאא 
  

אאW 
אאא

אאאא
אאאאאאא

אאאא
אאאאK 


 

אאאאW 
1KאאLEDK2KאK 
3KאאK4K9vK 
5Kאא2SC945K6KF2EK 
7Kאא50KΩK8Kא10KΩK 
9Kאא2SC945 K10KאאK 

11Kא1KΩK12KאK 
אאW 

אאאאאאאאK 
 



א 
 

אאאא 
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אW 
  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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אאאאאאאא

אאאא 

אאWאאאאא 

אאאאW 
אאאאא

W 
1LאאאאK 
2LאאK 
3LאאK 
4LאאאאK 
5LאאאK 
6Lאאאאאא

אK 

אאW 

 JאK 
 JאאK 
 J( Data Show )K 

אW 

אאאאאא
אאאאאאאאא

אאאאאאאאאא
K 

  

 



א 
 

אאאא 
 

 
389 

 

1Lאאאאאא 

2Lאאאאא
K 

3LאאאK 

4Lאאאאאא
אאאK 

5LאאK 

6LאאאK 

7LאאK 

8LאאאאאK 

9LאאאאK 

10LאאאאאK 

11Lאאאאאאאא
אאאK 

12Lאאאא
אK 

אאאאאאא 



א 
 

אאאא 
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1LאאDecimal System  
אאאFא10Eאא

10אא،K 
א(0 ~ 9)א

אאאKאא238א8
אא3אא30אא2

א200א 8+30+200אאא238K 
 

א1Wאאא1010 347685.19 K 
 6704003000347610  

 
2LאאBinary System 

אא( 0,1 )אאא2،
אאbitK

א1 ,0אאא
אF1KEאאא

10011Fא،،،א{אKE 
 

א32 22 12 א
א

0212223242

א 0.1250.250.51 2 4 8 16 

א
א

   K      

 

אF1Eאאאא 
 

  



א 
 

אאאא 
 

 
391 

 

 
 

אאאאאW 
 אא

אאW 
א2Wאא210011K 

אW 
א 021222 3242 

א1 24 816 
אא110 01 

 

10

2

19

1216

1*12*14*08*016*110011






 

אא210011אא1019 
א3Wאא2101110K 

אW 
א 02122232 42 52 

א1 248 16 32 

אא0111 0 1 
 

1*02*14*18*116*032*110111 2  
 24832  

1046 
אא2101110אא1046 

אW 

אאאאאאK 
 



א 
 

אאאא 
 

 
392 

א4Wאא2101.1110؟ 
אW 

 

א 32 22 12 א
א

02122232
א0.1250.250.51 2 4 8 
אא1 01K 0 1 1 1                              

10

2

625.14

125.05.0248

125.0*125.0*05.0*11*02*14*18*1101.1110






 

 

אא2101.1110אא10625.14 
אאאאאW 

אאא
W 

1Lאאא2אK 
2Lאא2אK 

א1Lאא1087K 
א
א

872
א43

א1
אא
א
אא

א(LSB)
א

אK 

 الباقي

1    0    1    0    1    1    1   

021

122

225

5210

10221

21243

43287











210 101011187 



א 
 

אאאא 
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2Lאא10625.5K 
אאWאאאא

אאאא،א2K 
 

 
 
 
 
 

אW 

אאאאK  
 

 الباقي

1    0    1     .   1    0     1   

021

122

225





 

210 101.101625.5   

00.12*5.0

50.02*25.0

25.12*625.0







 



א 
 

אאאא 
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אאאW 

אאBinary Addition 
אאאאאאא

F2KE 
אאK  

 אאא 
אא -0 0 + 0  = 

אא -1 0 + 1 = 
אא -1 1 + 0 = 
אאא 1 0 1 + 1 = 

 

אF2Eאאא 
 

אאאאאאאא
א(10=1+1)אא2אא

אאאאא،F1E
אאK 

אK 
 



א 
 

אאאא 
 

 
395 

 

אאBinary Subtraction  
אאאאאאא

F3KE 
אאKאאא?א?

אא?א?אK 
 

 א א א 
אא -0 0 - 0  = 

אא 11 0 - 1 = 
אא -1 1 - 0 = 
אאא -0 1 - 1 = 

אF3Eאאא 
 

אאאאאאאאא
`1`א?1א?אאאא

`2``0`אאK 
אW 

     4 
+  2 

 

6 
 المقابل العشري

1  0  0 
+  0  1  0 
 

1  1  0 المجموع        

5 
+  3 

 

8 
 المقابل العشري

1    1    1       
 

   1    0    1 
 

0    1    1         +  
                  
 المجموع0    0    0    1     

     3  
+  3 

 

6 
 المقابل العشري

    1    1       
 

       1    1 
 

    1    1    +  
                  
 المجموع0    1    1   

 

= 1  א   1 + 1 + 1 = 1     



א 
 

אאאא 
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     2     
-  1    

 

1 

אא 

10  10  
-  0      1  
 

0      1        

 א
א 

א 

37 
-  10    

 

27 

אא

1                             
10  10    0      10      
 

   1    0    0     1       0    1 
 

1    0        1    0               -  
                  
     1    1    0        1    1 

 

     א 

א 
א 



א 
 

אאאא 
 

 
397 

 

 

 
אאW 

אאW 
אאאאא

א،0אא1
אK 

Wאאאא1010א 9,7 
א؟ 

Wאאאא
אK 

אאHא א א 
1   1000 0111 107  
1   0110 1001 109  

אאW 
אא( 1 )אאK 

1HאאZאא 
Wאאאאא1010 5,7 

א؟ 
WאאאאאK 

W( 1 ) אאK 
 

 

אא אאHאא א 
1000+1=10011000 -111 107  
1010+1=10111010 -101  105  

אW 

 
 



א 
 

אאאא 
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אאאW 
אא16אKאאא16K 

  א   א  א א  0 9א
אא10א15אA F10

 A  א11B א12C א13D א14 E
א15FK 

אאאאאאא
א

אאא15א
אא  0111 1001 א79 

א1011 0110 1101 1111אB6DF
אאא אאK 

אאאאאאאאאW 
 

אא
 

א א
אא

 
א א

8 1000 80 0000 0 
9 1001 91 0001 1 
A 1010 102 0010 2 
B 1011 113 0011 3 
C 1100 124 0100 4 
D 1101 135 0101 5 
E 1110 146 0110 6 
F 1111 157 0111 7 

 

אאאאאאW 
  אא א   אא2B6א   ،  

2אאאא256  2*256Z512 
KאאאB1116*11Z176Kא6

אאF1E1*6Z6 אאא،
אאא2B6)16(10)694( K 



א 
 

אאאא 
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אאאW 

 
16 160 161 162 

א 1 16 256 
אאא6 B 2 

אא 1*6=6 16*11=176 256*2=512 

 

W 
א16  )A3F.C( אK 

 

16 16-1 160 161 162 
א 0.0625 1 16 256 

אאאC F 3 A 
אא 0.0625*12=0.75 1*15=1516*3=48 256*10=2560 

 

  10)2623.75(  = 10 )0.75 +15 +48+2560( 16  = )A3F.C( 

 
אאאאאאW 

אאא4510 א אא
 16א א א   ،4510 16  א  2
א13Fא13אאאDEאא

LSB א    אא F2 E   א  16
  א   א   א 2 א   ،2

אאאאאKאאאא
אK 

אאW 



א 
 

אאאא 
 

 
400 

 
 
 
 

                          4510   =   2D16 

אא10F250.25E אK
אW 

 
 
 
 
 
 
 
 

(250.25)10 = ( FA.4)16 

אאאאאאW 
 א      אא  א א א  Kא

אאאאF3B9EK 
א4bit

אאאאK 
 

3          B          9 
0011     1011     1001 

 
3B916 =1110111001 2 

 

אאאאאW 
 

EF. 7 4 
11101111. 01110100

 
47.FE16 = 1000111.11111112 

الباقي

F     A .   4        

01615

1516250




 

00.016*00.0

00.416*25.0





 13 الباقي

    2     D              

0162

21645






א 
 

אאאא 
 

 
401 

 
אאאאאאW 

א101010000101א אאאא،א
   א א  א       

אאאאK 
 

.0101 10001010 

.5 8A 
 

1010100001012=A8516 
    א  אא א      א

10010.011011   א א   א
אאאא

0001א א     א   1100 
אאאאK 

 

1100 0110. 00100001 
C 6. 2 1 

 
10010.0110112=126C16 

  



א 
 

אאאא 
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אאאBCD 

 א    א  ، א אא  א א 
אאאאא100101102א

K15010אאא،אא
אאBCDאא،אאא

אBCD אא0א9K 
 

BCD 
1248 
0000 0 
1000 1 
0100 2 
1100 3 
0010 4 
1010 5 
01 10 6 
1110 7 
0001 8 
1001 9 

 

אאאאBCD W 
    א  א אא   FBCD E

،אFBCDEאK 

Wאא18010BCD 
.0 81 
.0000 10000001 

BCD 
BCDא א

 א א   א 43.72א  BCD
01000011.01110010   



א 
 

אאאא 
 

 
403 

 
 

2 7. 3 4 
0010 0111. 0011 0100 

 
אBCDאאW 

אאאBCDאאא
 אאBCD א א    

אאאאאא
01010111 BCD5710 

.01110101 

.75 
אאBCDאאאBCD

אאא
אאאאאאאאא

K 

אאBCD0111000100001000 
   

1000 0000. 0001 0111 
8 0. 1 7 



א 
 

אאאא 
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אא 
 

1LאאאאאאאW 
(a)   79       (b)   146     (c)   218     (d)   391     (e)   504 

 
2LאאאאאאאאאW 

(a)   0.674    (b)   0.462    (c)  0.75    (d)   0.5    (e)    0.125 
 

3LאאאאאאאW 
(a) 10101011  (b)  1000111100  (c)  1100001011  (d)  110101100  (e)  
1111000010 

 
4LאאאאאאאאW 

(a)  0.1011  (b)  0.0110  (c)  0.1110  (d)  0.1001  (e)  0.0010       
 

5L؟אאאאאא 
 (a)  D5216  (b)  D3.E16  (c)  ABCD16  (d)  9F16  (e)  888.B16       

 

6Lאאאא؟אא 
(a)  256010  (b)  300010  (c)  631.2510  (d)  810  (e)  204.12510       

 

7Lאאאאאא؟א 
(a)  A6416  (b)  1F.C16  (c)  234.416  (d)  1C16  (e)  B16       

 
8Lאאאאא؟ 

(a)  10000.12  (b)  110101.0110012  (c)  1001.11112  (d)  10000001.11012   
 

 9LאאאאBCDא؟ 
(a) 1010BCD  (b) 10000110BCD  (c) 00010111BCD (d)  00110010.10010100BCD 

 

10LאאאאאBCD؟ 
(a) 610  (b) 99.910  (c) 145.610 (d)  21.00110 

 
 



א 
 

אאאא 
 

 
405 






אאאאאאאא
אאאאאאאא
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אאאא 
אאWאאאאאאאא 

אאWאאאאא
W 
1LאאאFEAND GateK 

2LאאאFE OR GateK 
3LאאאFאE NOT GateK 
4Lאאאאא

אK 

אאW 
 JאK 
 JאFאKE 
 JאאK 

 JאאK 
 J( Data Show )K 

אW 
אאאאאא

אאאאאאאא
אאאK 

  



א 
 

אאאא 
 

 
407 

 
אאאאאאאא 

 

 
אW 

אאאאאא
  א א  א  אא א  

אאאW 

1L א  א א  א א  א   
אאK 

2LאאאאK 

3LאאאאאK 

4LאאאאאאK 

5LאאאאK 

6LאאאאאאK 

7LאאאאK 

8LאאK 

9LאאאאאאK 

10LאאK 

11LאאאK 

12LאאאאאK 



א 
 

אאאא 
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1Lאאאאאא 

2Lאאאאאא
K 

3LאאאK 

4LאאFTURN OFFEאאאאK 

5Lאא 

6Lאאאא
אאK 

7LאאאאאK 

8LאאאFאE 
אאאK 

9Lאאאאאאאא
אאאK 

10Lאאאא 
אK 

12Lאאאא
אK 

 
 

 

אאאאאאאאאא



א 
 

אאאא 
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אאW   Logic states  
אאאאא

אWאאRCאא،אאאא
        ،א אא  א  

 ،  א Wא   ،   אא א
א א      א Kאא  א   

אאFאאאאאא
אEאK 

 אאאא  אא F E
אאאאאא،

אKאאאאKא
אאא

אK 

אא?1?Logic 1  

א0?א?Logic 0 

?1??0?אBit 

אאW 

1K אא?+ve?Positive Logic 

2K אא?-ve?Negative Logic 

   



א 
 

אאאא 
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Wאא?+ve?Positive Logic 
?1??0?אא

Logic 1 אאLogic 0K 
 

?1? K 
?0? K 

 
אF1E 

 
 

אF2E 
 
 

 
 

אF3E   
 

 
 
 
 
 

אW 

אאאאK  
 

     +5V                “1” 
     -5V                  “0” 

     +5V                “1” 
     0 V  “0” 

“1”

“0” 

+5V 
 

OV 
 

 J5V 



א 
 

אאאא 
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Wאא?-ve?Negative Logic  

 
?1? ?? 
?0? ?? 

 
F1E 

 
F2E 

 
 

 
F3E 

 
 
 
 
 
 
 
 

  

"0"

"1"

     +5V                “0” 
      OV    “1” 

     +5V                “0” 
      J5V  “1” 

+5V 
 

OV J 
 

5V



א 
 

אאאא 
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אW 

 אאאאא
אK 

 

W 
אF1EאאאאאאאTTLK 

 
אF1E 

 

W 
 אאא0?א?ViL max =  

 

 אאא1?א? ViH min =     
 

 אאא0?א?VoL max =  
 

 אאא1?א? VoH min =     
  

אW 

אאאData sheetא
אאK 



א 
 

אאאא 
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אאא(logic gate)W 

אאא(logic gate)אאאאK
אאאאאאאא?אאאאK?

אאאאא(HIGH)
(LOW)אאא(HIGH)אא“1”

אא(LOW)אא“0”אאא
אאא،א1אא

0K 
אאאאKאא

אא??(AND gate)א??(OR gate)א?א?(NOT gate)K 
 

1–א?–AND gate ? 
L B A 

 


 














אF1E אאאאANDאא 

 
אF2Eאאא?? 

 
 



א 
 

אאאא 
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FאאEאא?? 

 
 

אאאF1Eאא?AND?
אאאאאA & B Onא

אאK 
אF2Eאאא??ANDא?1?

אאא?1? 
אW 

 1–אאאאאאW 
אZ2nn אאאK 

 2–אאאK 
Wאאא2א22=4אn=3 

8 = 23א  
אאאAND?אאאANDW? 

אאBoolean Algebra אאא
אאאאאאאאאאK 

אאANDאאW 
 

A . B = Y 
ABאYY=A and B  

אW 

אאא
אאK  



א 
 

אאאא 
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אאאאAND?אאאאW? 
 

1Wאאאאא??ANDאאא
אאאאW 

 

2Wאאאאא??AND،אא
אאאאאW 

 
 
 
 
 
 

 
 

  

1 

0 

1

0 

1

0 

1 

0 

1 

0 

1

1 

0 

0 



א 
 

אאאא 
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א F1E א 3 

אא אFEAND Gate 

 

אא אאאאFEK 

אאא 
1LאFTEST BORDKE 
2LאאK 

 

א JאDC 5VJאS1,S2  JLED 

JR =150Ω Jא JIC 74LS08 

אאW 



אW 

אאאאאK 



א 
 

אאאא 
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אאW 
1LאFEANDאאאK 
2LאאאFB ,AEK 
3LאאF1KE 
4LאאאY K 
5LאאF1KE 

 
אW 

 
 

 
 
 
 

 
 

אF1E 
Y=…………… 

 

אOUTPUTאINPUT 
YAB 

 0 0 
 10 
 01 
 11 



א 
 

אאאא 
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אאANDאאאאאא
אא74אLS08 




א

OUTPUT 
אINPUT

Y ABC
 000
 100
 010
 110
 001
 101
 011
 111

 
Y =………… 

 
 
 



א 
 

אאאא 
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2–א??OR gate 
L B A 

 


 

 





אF3E אאאאORאא 

 
אF4Eאאא?? 

 
FאאEאא?? 

 

אאאF3Eאא?OR?
אאאאאB & A) EOnK 

 א א? ?אאא
אא?1? 

אאאORW 
     A  +  B = Y  

 

A BYA OR B = Y  
  



א 
 

אאאא 
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1

0 

1

0 

1

0 

אA 

אB 

אY 

 

 
 

אאאאORW 
Wאאאא(OR)אאאאא

؟אאאא،אא 
 

אאאOR אאA + B = Y 
  

אW 

אאאoffא
אK  



א 
 

אאאא 
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א F2E 3 א 

אא אFEOR Gate 

אאאאאאFEK

אאא
1LאFTEST BORDE 

2LאאK 
 

א  JאDC 5V  JLED  JIC 74LS32 

JאS1,S2 Jא  JR =150Ω 

אאW 

 
   

אW 

אאK 
 



א 
 

אאאא 
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אאW 

1LאFEORאאאK 
2LאאאאB ,A) EK 
3LאאK 
4LאאאY K 

אW 
 
 
 
 

 
 

  

אOUTPUTאINPUT 
YA B 

 0 0 
 1 0 
 0 1 
 1 1 



א 
 

אאאא 
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אאORאאאאאאאא
74אLS32 




אOUTPUTאINPUT

Y ABC
 000
 100
 010
 110
 001
 101
 011
 111

 
 
 
 
 

 
  



א 
 

אאאא 
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3–אאNOT  gate 
אא 

 

Y A 
1 0 

01 

אF5EאאאNOT אK 
 

אF5EאאאאאאאK
א?1?א?0?אא

אאאK 
 

אאאNOT W 
 

      Y =  A    

אW 
 

                                                   A = 1             A = 0             A = 1  
 

אאאאNOTW 
WאאאאאאNOTאא

אאW 

 
  

 
 

 

1

0 

1

0 

 
0 

A
1

A or  A
0

A 



א 
 

אאאא 
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א F3E3א 

אא אFאENOT  Gate 

אא 
 א אא  א  Fא E NOT 

K

אאא
1Lא)TEST BORD( 

2LאאK 

א JאDC 5V JLED  JIC 74LS04 

JאS1,S2 Jא JR =150Ω 

אW 

 
 

אW 

אאאא
אאאK 



א 
 

אאאא 
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אאW 

1LאFENOTאK 
2LאאאאA K 
3LאאK 
4LאאאYK 

 
אW 

 
 
 
 

  
  
  

  

אOUTPUT אINPUT
YA 

 0 
 1 
 0 
 1 



א 
 

אאאא 
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אאאW 
אאאאאאאאא

אאאW 
 

?–??AND - OR  gates? 


אF6Eאאא 

 

WאאאאאאY = A . B + C .D + E  
א?–K? 

אW 
א? JK? 

 
 

 

 



א 
 

אאאא 
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אאא 
 

1LאאANDא–אאאא
אאK 

2LאאORאאאאאאא
אאאK 

3LאאאאORאאK 

4LאאNOTאK 

5LאאאאאאאWYCADCBA  

6LאאאF1EBK 
1 JB = 1  
2 JB = 0  

 
 
 

אF1Eא 
 
7LאאאF2Eא

؟ 

אF2Eא 
 

 
 
 



א 
 

אאאא 
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אאאאאאאא  

אאאאאאאא 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



א 
 

אאאא 
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אאאא 

אאWאאאאאאאא 

אאWאאאאא
W 
1LאאאNAND gateK 
2Lאאא?? NOR gate K 
3Lאאא??א EXORK 
4LאאאאאEXNOR K 
5LאאאאK 
6Lאאאאא

אK 

אאW 
 JאK 

 JאFאKE 
 JאאK 
 JאאK 
 J( Data Show )K 

אW 
אאאאאא

אאאאאא
אאאאאאאא

אאאK 

 
 
 
 

3 



א 
 

אאאא 
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 אאאאאאאא

 

 
אW 

אאאאאא
  א א  א  אא א  

אאאW 

1Lאאאאאאא
אK 

2LאאאאK 

3LאאאאאK 

4LאאאאאאK 

5LאאאאK 

6LאאאאאאK 

7LאאאאK 

8LאאK 

9LאאאאאאK 

10LאאK 

11LאאאK 



א 
 

אאאא 
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1Lאאאאאא 

2Lאאאאאא
K 

3LאאאK 

4LאאFTURN OFFEאאאאK 

5LאאK 

6Lאאאא
אאK 

7LאאאאאK 

8LאאאFאE 
אאאK 

9Lאאאאאאאא
אאאK 

10Lאאאא 
אK 

11Lאאאא
אK 

 
 

 

אאאאאאאאאא 



א 
 

אאאא 
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א   ،א א  ،א  א א 

אאאאKא??,??אאאא
אאאKאא

אK 
 

1 JאNAND gate W 
 

Output B A 

 

1 0 0 

1 1 0 

1 0 1 

0 1 1 

אF1Eאאא??א 
 

NANDאFNOT ANDEANDאא
אאאאANDא

F1EאאאNANDאK 
 

אאאNAND 
      Y =  A . B   



א 
 

אאאא 
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א F1E א3 

אא 
 

אFENAND gate K 

 

אא 
   א אא   א  NAND gate

K 

אאא
1Lא)TEST BORD( 

2LאאK 
 

א 
 JR =150Ω  Jא  JLED 

 JאDC 5V JאS1,S2  JIC 74LS00 

אW 



אW 

אא(TURN OFF)אא
אאK 



א 
 

אאאא 
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אאW 
1LאFNANDEאאאאK 
2Lאאא( B , A ) K 
3LאאF1KE 
4LאאאY K 

אW 
 
 
 
 
 
 
 

Y = (         )                                              
 

אF1E 
אאאאW 

  
 

 

 JאאאW 
  

 
 
 
 

Y = (                ) 
 

                          

אOUTPUT אINPUT 
YA B 

 0 0 
 1 0 
 0 1 
 1 1 

אOUTPUT אINPUT 
L2 = YL1 =F A B 

  0 0 
  1 0 
  0 1 
  1 1 



א 
 

אאאא 
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2 Jא??NOR gate  
אאאאאF2KEא??

FאKEאאB,A )Eאא
(B+ A)Kאאא،אא?____?

אאא???(NOR) 
 

L B A 

 

1 0 0 

0 1 0 

0 0 1 

0 1 1 

אF2Eאאא??א 
 

אאאא? ?אF2KE?
?א??אאKאאא

אK 
 

אאאW 
  

 Y =  A  + B 
 

   



א 
 

אאאא 
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א F2E 3א 

אא אFENOR gate  

 

אא 
אאאא? ? NOR gate 

K 

אאא
1Lא)TEST BORD( 

2LאאK 
 

א 
R =150ΩאS1,S2 LED IC 74LS02 

אDC 5V א  

אW 



אW 

،אאאאא
אאK 



א 
 

אאאא 
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אאW 

1LאFNOREאאאא 

2LאאאF B ,A EK 
3LאאF2KE 
4LאאאY K 

 
 

אW 
 
 

 Y = (                  ) 
 

                         
 
 

אF2E 

 JאאאאW 
  

  
 

 

 JאאאW 
 

אOUTPUT אINPUT 

L2 =Y L1 =F A B 

  0 0 

  1 0 

  0 1 

  1 1        

אOUTPUT אINPUT 

Y A B 

 0 0 
 1 0 
 0 1 
 1 1 



א 
 

אאאא 
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3–א??אExclusive OR gate = EXOR 
 

Z B A 

 

0 0 0 

1 0 1 

1 1 0 

0 1 1 

אF3EאאאEXORא 
אאא??

?1?אאאא?0?
א XORאF3EK 

 
אאEXORW 

אאאאאEXORאאא 
 

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

 
אXORאANDORNOT 

 
 

 
אF4EאאאאEXOR 

 



א 
 

אאאא 
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א F3E א3 

אא אאEXOR 

אא 
 א אא   א  ?? א 

EXOR 

אאא
1Lא)TEST BORD (K 

2LאאK 

א 
 JאDC 5V JLED  JIC 74LS86 

 JאS1,S2  Jא  

אW 

 

XOR  Gate 
74LS86 

אW
150Ωאאא

3א  



א 
 

אאאא 
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אאW 

1K א??אאאאאK 
2K אאאF B , A EK 
3K אאF3KE 
4K אאאY K 

 
אW 

אOut Put אאINPUT 
YB A 

 0 0 
 1 0 
 0 1 
 1 1 

אF3E 
אאאW 

 
Y = (                         ) 

 



א 
 

אאאא 
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4 JאאEXNOR  
 

אא  

 

Y A B 

1 0 0 

0 1 0 

0 0 1 

1 1 1 

אF5Eאאא??אא 
 

 א א   א ? א   ? א א   ?
א?אאאאאא

אאא1?א?K 
 

אאEXNOR W 
אאאאא?א? 

 
ABHY =  AB 

 
אXNORאANDORNOT 

 
אF6Eאאאא?א?EXNOR

A  B A 
B 

A  B = Y 

A 
B 

A  B = Y 



א 
 

אאאא 
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א F4E א 3 

אא אאEXNOR 

אא
 א אא   א  א  

EXNOR K 

אאא
1Lא)TEST BORD( 

2LאאK 

א 
 JאDC 5V  JLED  JR=330Ω 

 JאS1,S2  Jא  JIC 74LS266 

אW 

 
 

 

אW 

אאאאK 
 



א 
 

אאאא 
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אאW 
1LאאEXNORאאאא
K 

2LאאאF(B , A K 
3LאאF4KE 
4LאאאY K 

 
אW 

אOut Put אאINPUT 
Y B A 

 0 0 
 1 0 
 0 1 
 1 1 

אF4E 
אאאW 

 
Y = (                         ) 



א 
 

אאאא 
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אאאאאW 
  א  א  א  א אא א K

 א אא   א אFא א E   א
אא K א       ? ? א ?   ?א

אאאW 
 

אאא
א 

א
א אאא


אאא

Ic func 
אאא א

אא 

NAND  ZH NOR  ZH
AND ZH NAND  ZH
NOR ZH OR  ZH

OR ZH AND  ZH
אF7EאאאF8Eא

אא 
 

אאא
Ic func 

א
 אאא א

אא 

OR  ZHH
AND  ZHH
NOR  ZHH

NAND  ZHH
 

אF9Eאאא 



א 
 

אאאא 
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אאאW 
 א א אא  א א א  א אא 

אאאW  
1–?–??AND - OR  gates ? 
2–???NAND gates ? 

אאאאאK 
WאאאאאאY = A.B + C.D + E  

Wא?–K? 

Wא?K? 

אW 
1–א? JK? 

F = A . B  +  C . D + E 
 

 
 

2–א?? 
 אאאאאאא??NAND 

Y = A.B  + C.D  + E 

 
 



א 
 

אאאא 
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אאא 
 

1Wאאאאאאא(NAND)אאK 
2Wאאאאאאא(NOR)אאK 
3Wאאאאאאאא(EXOR)א

אK 
4Wאאאאאאאא(EXNOR)א

אK 
5WאאאF10EאCK 

 1 JC = 1  א 
 2 JC = 0 א 

 
6Wאאאאא

F11E؟ 
 
 
 
 
 

 
7 W א א  א אא אYCBACBACBA 

א،א??א??אK 

 

אF11Eא  

אF10Eא  



א 
 

אאאא 
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אאא 
אאאא  



א 
 

אאאא 
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אWאאא 

אאWאאא
אK 

אאWאאאאא
W 
 אאאK 
 אאK 

 אאאאK 

 אאK 

 אאאאKK 

אאאWאאא90٪ 

אאאאWF22E 
אאW  

1K K 
2K K 
3K K 

4K אאK 
5K ( Data Show )K 

  אא W אאאאאא
 א א  אא א  א    

אאאאאאאK 
 

 
 



א 
 

אאאא 
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אאא 

אW 
 FאאאEא

אאא
אאאאאאא

אאאא،א
אאאKאאא

אאW 
1K אאאK 
2K אאאאאK 

3K אאאK 

4K אאאאאא
אאK 

5K אאאאKKKKKK 

 
 

  



א 
 

אאאא 
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אאאאאאא 

1LאאאאאאK 

2Lאאאאא
K 

3LאאאK 
4Lאאאא

אאK 

5LאאאShortאK 

6LאאאאאאאK 
7LאאאאK 
8LאאאאאאK 

9LאאאאאאK 
10LאאאאאאאאK 
11LאאאאאאK 
12Lאאאאאאאאא

אK 
13LאאאאאאK 

14LאאאאאאK 

15LאאאאK 

16LאאאאאK 

17LאאאאאK 

18Lאאאא
אK 



א 
 

אאאא 
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אא 
1K אאW 

אא
K 

 

2K אW 

אאW 
 

 אK 

 אK 

 אK 

 אK 
 

אW 
1K אאאאא

אאK 
2K אאאאא

אאאאאK 
3K אא

אאK 

4K אאא
אאFEאאאK 

5K אאאאאאאK 

6K אאאאאK 

7K אאאאאאK 

 
 
 



א 
 

אאאא 
 

 
453 

 


 
WאאאאאאאW 

אאאאאאאא{
אאW 

1 JאאאW 

אאאאא
אאאאא
אאאא

אF1EאאאאאK 

 
אF1E 

 
 
 

 

אאא25W– 40Wא
אאK 



א 
 

אאאא 
 

 
454 

2 JאW 
אאא

אאWאאאא
אאאאF2KE 

 
אF2E 

3 JאFאWE 
אאאאא

אF3KE 

 
אF3E 

 

4 JאאW 
אאאאF4KE 

 
אF4E 

  



א 
 

אאאא 
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5 JאW 
אאאאא

F5KE 

 
אF5E 

6 JאאFאEW 
אאאאאא

אאאF6KE 

 
אF6E 

7 JאW 
אאאאאF7KE 

 
אF7E 

אW 

אאאאאא
אK 



א 
 

אאאא 
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8 JאאW 
אFאEאא

אאאאאאא
אאאF8E K 

 
אF8E 

9 JאאW 
א

אאאאאאF9KE 


אF9E 

 

  



א 
 

אאאא 
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10 JאאFMULTIMETERSE 

אאאאאאאאא
אF10KE 

 
אF10E 

אאאW 
1K אאK 

 

 
 
 
 
 

אW 

אאאoff א
אK  



א 
 

אאאא 
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2K אאאאאK 
 

 
 

3K אFאKE 
 


 
 
 
 
 

 

4K אFאKE 
 

 
 
 
 
 
 



א 
 

אאאא 
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5K אאאאK 
 

 
6K אאאאK 

 

 
 
 



א 
 

אאאא 
 

 
460 

אאאאאאאאאW 

אאאאאW 

1K אאFאEאאא
אאאא

אאאK 

2K אאאא
אאאאK 

3K אאאא
אאאאK 

4K אאאאאא
אאheat sinkאאאא
אאK 

5K אאאStray 

Capacitance אאאK 

6K אאאאאאאאאא
אFEאאא

אאאK 

7K אאאאאאא
אאאאא

אFאEאאאK 

8K א
אאאאאאאK 

9K אאאאא
אאאK 



א 
 

אאאא 
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10K אאא
אאא

אK 

11K אאאאאא
אא،אאF11KE 

 
אF11E 

12K אאאאא
אאאא

אK 

13K אאאאא
אאאא5A

א0.5אAאאאא
אK 

 

 
 

  

 

אאאאאא
  Kאאא



א 
 

אאאא 
 

 
462 

 

 
 

WאאאאW 
אאאאאW 

אאWאאW 
1LאאאK 
2Lאאאאאא

FExpress PCBKE 
3Lאאאאאא

FeagleKE 

אאWאאאאW 
1LאאאK 
2LאאאאK 
3LאאFאאEאK 

אאWאאW 

1LאK 

2LאK 
3LאאאK 

4LאאאK 
 

K 
 

אW
אאאאא

K 



א 
 

אאאא 
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אאWאאW 

1 JאאאW 
אK 

 JאאאאאאאW 

 J אאאאא
אאK 

 J אאאאאאאא
אאאK 

 J אאא
אאא

אאK 

 J אאאאאא
אאאאאאאK 

 Jאאאאא
אאאW 

 J אאאאא
אאאK 

 J אאאאא
אאאK 

 J אאאא
K 

 
  

 

 



א 
 

אאאא 
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א 

אאאאאW 
1K אאK 

 
 

2K אאK 

אאK 
 


 
 



א 
 

אאאא 
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אאאK 


 

3K אא
אאאא

אK 

4K אאאאאא
אאאK 

 


 



א 
 

אאאא 
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5K אאאאאאK 

 


 
 

6K אאאא
K 

 
7K אאאאאא

אK 

 





א 
 

אאאא 
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8K אאאK 

 


 

9K אאאאא15
25אאאK 

 
10K אאאK 

 


 



א 
 

אאאא 
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11K אאאK 

 


 

12K אאאאאK 

 


 
 

 
 
 



א 
 

אאאא 
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13K אאאאK 

 


 

14K אאאאאאא
אK 

 


 
 
 
 
 



א 
 

אאאא 
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15K אאאאא

אאK 

 


 
 

16K אאאאאאK 

 
 
 
 
 
 
 
 
 
 
 



א 
 

אאאא 
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אאאאאאW 

 
א 
אאא 


 

אאא 

 
 
 
 
 
 
 



א 
 

אאאא 
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אא 

 

אא א 
אא http://www.nowah.net/index.php 

1K nooraאא http://www.nooraelectronics.com 

אאאhttp://www.moqatel.com
/Mokatel/data/Behoth/M
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NIDA Corporation  
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