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אאאW 
 

אאWאאאK 
 

אאWאאW 
 

• אאאא،KKKאK 
• אאאאא 
• אאאאאK 
• אאאאאK 
• אאK 
• אאאא،אאK 
 Kא •
• ،אאאאאאאאK 

 
אאאW 

 אאאאא90K٪ 
 

אאW 28K 
 

אאW 
 

1-אאאאאאK 
2- אאאאK 
3-אאאK 
4-אאאא(Electronic tool kits)K 
 Electronicאאאאאא-5

workbenchK 
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1אW 
• אאאאא 

 

אאWאW 
 

1- אא 
2- אא 
3- אא 
4- א 
5-  

 
אאאW 

 

1-AVO 4-Wave generator 

2-אא 5- 
3-א 6- 

 
אאW 

 

1 Jאא 4 Jא 
2 JאאFE 5 Jא 
3 JאאFE6 Jאא 

 

אאK 
אאאאK 

אW 
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אW 
 
1- א 
2- אOFF 

3- אאV 

4- אאV∼ 

5- א 
6- אΩ 

7- אkHz 

8- אCOM 
9- אא 

10- אא 
11- אא 

 

  
F4 J1E 
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مدى الجهد شاشة عرضشكل الموجه

الخرج

مفتاح تشغيل

Wave generatorمولد موجات) 2-4(شكل  
 

א
אא

א
א

42 FJEBread Board 
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Wאא 
 

אאW 
 

1- אאK 
2- אAVOאאK 
3- אאאK 
4- אאאאFאאEאאאW 

 
 אאFE אאΩ 
1   
2   
3   
4   

 
Wאא 

 

אאW 
 

1- אאאאK 
2- אאאאK 

 
AVO

E
RL

قياس التيار) 4-4(شكل  
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3- אאAVOK 
4- אאאאK 
5- אאא 

 
א=v 

 אΩ אA א×א 
1    
2    
3    
4    

 
6- אאאFKE 

 

RIU =                                                      (4-1) 
 

Wאא 
אאW 

1- אאאאK 
2- אאאאK 

 

R

E

10 kΩ

قياس الجهد) 5-4(شكل 

AVO
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3- אאAVOK 
4- אR)2 10 و 8 و 6 و 4 و kΩ(אאK 
5- אאאW 

 
א=v 

 אkΩ אV E
10R

R
+

 

1 2   
2 4   
3 6    
4 8   
5 10   

 
6- אאאאא 

 
אWא 

 

אאW 
 

1- אאK 
2- אאא

אK 
3- אאאFKE 
4- אאאK 
5- אאאאK 
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2אWאא 
• אאא 

 
אאWאW 

 

1- אאאאאאK 
2- אאאK 
3- K 
4- אאאאאK 


אאאW 

 

1-Wave generator 
2-Oscilloscope  
3-Avometer  

 


F4 J6E 
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אאW 
 

1- אאK 
2- אאאCH1K 
3- אאK 
4- אאאאאאא

אאK 
5- אאאTIME/DV אא

אF4 J7KE 
6- ،Tאא،fאW 
 

s
T
1f =                                  (4-2) 

 

7- אאאK 
8- אאאUאאUmax

Umax=1.41UKא 
9- אK 

 

0

אא



T

47 FJEאאא

א

א





אא
Umax
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אאF1EF2Eאאאאאא

،אאFE،אאא
אאאאK 

אאאאW 
 

אאFאאE  א 
 

1-אאK 
2-אאK 
3-אאK 
4-אK 
5-אK 

    

אאאFאEאאא
،א????אאא

אK 
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אא 
 

אאW         אW 
אW         אW12345

10K 
אW   אאW80٪אK 
    אאW100٪אK 

א א 

1 JאאK 
2 JאאK 
3 JאאK 
4 JאK 
5 JאK 

 

אא100K٪ 
  

WKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKW 
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3אWאא 
• אאא 

 
אאW 

 

אאא 
 

אאאW 
 

1-א0-300 VK 3- 
2-א0-10 AK 4-K 

 

אאW 
1- אאF4 J8KE 
2- אאK 
3- אאאאK 
4- אאאאK 

 

V

A

A

A

A

C

B
مصدر تيار نتردد
ثلاثلي الأوجه

208 V

A

V

B

C
N

توصيلة نجمة) 8-4(شكل  



א 119  אא 
 אאאאאFE  

  
 

- 13 -  

אאאW 
 

אUL(V) אUP(V) אIL(A)  
AB BC CA NA NB NC A B C 

1            
2            

 
אW 

 
אא 

 
PL U3U =                                                           (4-3) 

 
PL II =                                                                    (4-4) 
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4אWא 
• אאא 

אאW 
 

אאK 
 

אאאW 
 

1-א0-300 VK 3-  
2-א0-10 AK 4-K 

 
אאW 

 
1- אאF4 J9KE 
2- אאK 
3- אאאK 
 Kאאאא -4

 

V

A

A

C

B
مصدر تيار نتردد
ثلاثلي الأوجه

120 V

B

C

توصيلة دلتا) 9-4(شكل 

A

A

V

A
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אאאW 
 

אUL(V) אUP(V) אIP (A)  
AB BC CA AB  BC  CA  

א
IL(A) A B 

1            
2            

 
אW 

 

אא 
 

PL UU =                                                                 (4-5) 
 

PL I3I =                                                               (4-6) 
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אאא 

 
אאאאאאאא

אאKאאא
F4 J1Eאאא30 oCKאאאא

אאאF4 J2EאאK 
 

אF1E אF2E אF3E 
      


א
mm2IN (A)Im (A)IN (A)Im (A)IN (A)Im (A)IN (A)Im (A)IN (A)Im (A)IN (A)Im (A)
0.75  - -  -  -  -  -  6  12  -  -  10  15  

1  -  -  6  11  -  -  10  15  -  -  10  19  
1.5  -  -  10 15  -  -  10  18  -  -  20  24  
2.5  10  15  16  20  16  20  20  26  20  26  25  32  
4  16  20  20  25  20  27  25  34  25  33  35  42  
6  20  26  25  33  25  35  35  44  35  42  50  54  
10  25  36  35  45  35  48  50  61  50  57  63  73  
16  35  48  50  61  50  64  63  82  63  77  80  98  
25  50  65  63  83  63  85  80  108  80  103  100  129  
35  63  81  80  103  80  105  100  135  100  124  125  158  
50  80  103  100  132  100  132  125  168  125  155  160  198  
70  -  -  125  165  125  163  160  207  160  193  200  245  
95  -  -  160  197  160  197  200  250  200  230  250  292  
120  -  -  200  235  200  230  250  292  200  268  315  344  
150  -  -  -  -  200  263  250  335  250  310  315  391  
185  -  -  -  -  250  301  315  382  315  353  400  448  
240  -  -  -  -  315  357  400  453  315  414  400  528  
300  -  -  -  -  315  409  400  504  400  479  500  608  
400  -  -  -  -  -  -  -  -  500  569  630  726  
500  -  -  -  -  -  -  -  -  500  649  630  830  

Imאאאא 
INאאאא 

אאא30 oC 

אF1EאאK
אF2EK 
אF3EאאK 

F4 J1Eאא 
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אאoC א 

30 35 0.91 
35 40 0.82 
40 45 0.71 
45 50 0.58 
50 55 0.41 

F4 J2Eאאאאא 
 

אאאאא،א∆U،
אKאאאאאאא

אK 
 

A
IlU ××

=∆
ρ                                                          (4-7) 

 

I،אאA،lאא،אאm،ρא
אאAאאm2K 

 

אא  
 

 אאאא
א125%אK 
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5אWאאא 
 

אאW 
 

אאFאEאאאאאF4 J1EK 
 

 

 א א א אA אmm2 

1K  Hp
4
1 220 V   

2K kW7  220 V   
3K Hp5 220 V   
4K  TR150 220 V   

 
W 

 

1-אאאאW 
 

 JאאאWWcosVIP ϕ= 
 JאאאWWcosVI3P ϕ= 

ϕ cosא0.9 
 

2-אאאK 
 

3-א1 T.R. =3.5 kW   
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6אאאאאאאא 
• אאא 

 
אאWאא 

 

אאאW 
 

1-אK 4- 
2- אאא 5-אאK
3-א0-10 AK 6-DPSTK 

 

אאW 
 

1אאF4 J10KE 
 

V

V

A

F

410 FJEאא 
 
2אאאK 
 

3אא(P) 
 

4אאא70 HzK 
 

5א110 VFאאאאKE 
 

6אDPSTאא3 Aא(lampbank)،
KאאאK 
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7אא(line volts)א(coil volts)א(line current)
אK 

 
אאאW 

 

א Hz אUcoil ،אA אא  rpm א

1K     
(laminated core)

2K    א 
(air core) 

3K     
(laminated core)

4K    א 
(air core) 

 
8אאא(remove the core)אF7EאFא

אKE 
 

9אאאK 
 

10אאlaminated core)Eאא(line volts)
א(coil volts)א(line current)אK 

 

11אאא(remove the core)אF10EאFא
אא10KE 
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אW 
 

 א 
Hz coil

R coil
Z 

coilL
X

−
 

coil
L 

1K       
2K      
3K      
4K      

 
WאSample calculations  

 

120
PN

f s
×

=  

 

f
X

LRZX
I
E

Z L
coilcoilcoilL

coil
coil π2

,)()(, 22 =−==
−

 

 
W 

 

1אאK 
2אאK 
3אאאK 
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אאF3E،F4E،F5EF6Eאאאאאא

،אאFE،אאא
אאאאK 

אאאאW 
אא 

אאFאאE  א 
 

1-אאYאK 
2-אא∆אK 
3-אאאK
4-אאK 

    

אאאFאEאאא
א،????אאא

אK 
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אא 
 

אאW         אW 
אW         אW12345

10K 
אW   אאW80٪אK 
    אאW100٪אK 

א א 

1 JאאYאK 
2 Jאא∆אK 
3 JאאאK 
4 JאאK 

 

אא100K٪ 
  

WKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 
אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKW 
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אאElectric Motors 
• אאאאאא 

 
אאאאאאsingle phaseא3- phase

אאאאאא،אאKKK
אאאאאאK 

 
אאאW 

אאאאאא
אאKאאW 

 

1-א3- phase induction motorsW 
אSquirrel cage motors 

אאאאאThree phase, wound rotor motors 
אאאSynchronous motors 

 

2-אsingle phase motorsW، 
אאSplit – phase motors 

אCapacitor- start motors 
אCapacitor start, capacitor run motors 

אPermanent-capacitor motors 
אShaded – pole motors 

 

אאאW 
אאK 

125%אא(FLA) 
אאאאאK 

אK 
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אאאאOverload Protection Devices  
 אאאW 

א(Thermal overload protection )K 
א 

(Thermal overload protection- manual reset ) 
אא 

אא 
 

אאאW 
 

אאא(single phase motors) 
120 V motors 

 אאאאK 
220V motors 

 אאאK 
 

א(3- phase motors) 
אא)

4
3(559 HpWא

א 
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7Wאאאא 
• אאאאא 

 

אאW 
 אאאאK 

 

אאאW 
א(Three phase motors) 

(Single phase motors) 
FAVO – meterE 

 
אאW 

1אאאאW 
• אWKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אFWEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אWKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אWKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אWKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אאאWKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אWKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

2 JאאאW 
• אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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8Wאאא 
• אאאאא 

אאW 
Kאאאאא 

 

אMethods of starting  
אאאאאW 

אאאאאאא 
אאאW 

 

1Kאא(direct- on- line starting) 
2K(star- delta starting) 
3Kאאא(autotransformer starting) 

 

אאאW 
• אWא(overheating)א

אא 
• אW50%100%אא

אK 
אא(Direct- on- line starting) 

 אאאא،אא
אאאא500%

700%א،א75%200%אK א
אאאא

אאאאK 
 

אאא(Rotor resistance starting ) 
 א،אאאא،

אאאאKאא
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אKאא200%
250%א100%150%אאK 

 

(Star- delta starting) 
 אאא

אאאאK
אאא

3
1א

אKאאא
3

1
אK 

אאאא(Autotransformer starting ) 
 אFאEאא

אאאאK
،אא

אאK 
 

אאW 
1-אאאאW 

אאאF4 J11KEאא
אאאKאאא

אאאאK 
 

A A

אאאאאא
L1

L2

L3

411 FJEאאא 
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2-א(Star- delta starting) 
 אא(star- delta switch)

אF4 J12E 
 

بدء التشغيلوضع التشغيل
Y ∆

X

Y

Z

L1

L2

L3

X
Y
Z

L1
L2

L3

X

Y

Z

L1

L2

L3

مصدر التيارYبدء التشغيل∆وضع التشغيل

∆Y-طریقة بدء تشغيل المحرك التأثيري) 12-4(شكل 

-أ- -ب- -جـ-

 
 

3-אאאא(Autotransformer starting ) 
אאF4 J13KEאא

אאK 
 

Aא

L1

L2
L3

A

א

א
א

413 FJEאאאאא 
 

 Jא،אאאא
אאאאאK 
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אאא Electric Motors Trouble Diagnosis   
   אאאאאאW 

 

 
   

 

 Jאאא 

 

 

 

 



 א
א 

1KאK 
 J ؟א 

FאאאE 

 

אאאKK
א؟    

 
א 3KאK؟ 

 

א 

 

א 5KאאK
K 

4Kא10א %؟ 

6KאK
 א؟

 
אא 

2KאK؟
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نعم

 

 7Kאא
אFאKE؟ 

 

אאא 

 

אאאא 
8Kאא

אא
אK 

 

אאא 
9K

א 

 

אאאא 10KאאאK
א،K؟ 

 J 11KאאK
؟ 


אא 
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 نعم

 

 1אאאא
א؟אK 

 

א
א 

 

אא
א 

2K
 אא؟

אא
אא 

 

3Kאloose ؟ 

 

אא
 


4K؟א 

5Kא
 אא؟

אאא
אאאא 

 

6Kאא
 אאא؟

אאא
אאאאא 

אMotor Runs 
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אK
א

אK 

 

7W؟؛א 

 

א 
 

8Wאאאא؟ 

א
א 

 
9Wאא؟

(3-phase) FאאE 
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אאא
אא

 

  
1K؟אאא 

2Kאא؟א אא 
 

 

אא(starting cycle)א
אא 

 
3W؟אא 

 

 
4WאאאKא

א؟א 

6Wא(FLA)
א؟ 

אא11 
 

 JאMotor overheatsK 

 

אאאאK
אאאא

אאK 

 



5WאאאK؟א 
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14KאאK
؟ 

 

 

אאא 

אאא
א 

 

 

א 

אא
א 

אאא
FE 

13Wאאא
א10 %؟ 

 

7WאFאEא
 א؟

 

 

אאא
א 

 8Wאא
א

אאK 

אK
אאא؟ 9W؟א 

 

א 
 

. 10ج
א 

11Wאא؟אאא 

 نعم

 

 

אKא12W نعم
 אאא؟



א 119  אא 
 אאאאאFE  

  
 

- 36 -  

 

  
  

 نعم

 JאאMotor bearings run 

 

 

אאאא
א 

 1KאK
אK؟ 

2Kאא
 

 

א

אK 

 

 

אא  
3Kאאאא

א؟ 

אאK 
 

4Kאאא
؟א 

 

א 5W؟א



א
 אאא

 
6Wא
 ؟

7W؟א 

 
אא 
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אאאאאאW 
 
1 JאאW  

אאW 
(open)Wא)(∞ 

(shorted)Wא 
(grounded)אאאK 

WאΩ1Ω50 
אW 

 אFWEאאא(S)א (C)אא
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مكثف   
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אא 

 
A 

 Alternating current

 Ampere

 Amplification

 Amplifier

א Armature  

 Atom 

א Autotransformer

 Avometer

B 
 Base 

 Battery

 Bimetal

א Bimetal strip 

א Binary counter 

 Binary number

 Binary system 

א Bridge circuit

 Brush  

C 
 Capacitor

 Capacity

FE Charge  

 Clipper 

 Coil
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 Collector

 Comparator

 Conductor

 Connection

 Contact

 Contact points 

 Contactor 

א Control circuit 

 Core

א Counter

 Current 

א Current divider 

 Cycle 

א Cylindrical

D 
 Delta connection 

אאא Direct current circuits

 Degree

 Differentiation

 Direct current

אFאE Diode

 Discharge 

E 
אאאא Electromotive force 

אא Electromagnetism 

 Electron

אא Electronic circuit

 Emitter 
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F 
 Field

 Flux

 Force

א Forward bias 

 Frame 

 Frequency

 Full load 

 Full wave

 Fuse 

G 
FאE Gain

H 
 Half wave

 Heater 

 Heating element 

I 
 Impedance 

 Impurity 

 Inductance

FE Induction

 Induction motor 

 Input 

א Instrumentation amplifier 

 Insulator 

א Integrated circuit 

 Intensity

 Inverting input 
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 Ion

K 
 Kirchoff's law

L 
א Light emitting diode 

אא Line of magnetic forces 

א Line current 

א Line voltage 

א Load regulation 

אאאא LSI (large scale integrated circuits)

M 
 Magnet

 Magnetism

אא Magnetic flux 

אא Magnetic flux density 

א Magnetomotive force

 Meter

 Motor

א Mutual inductance

N 
 Nameplate 

 Non-inverting input 

 Normally close (NC) 

 Normally open (NO) 

O 
 Ohm's law

א Operational amplifier

 Oscillation

אא Oscilloscope
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 Output 

א Output impedance 

FאE Overload 

P 
אא Parallel connection

אא Periodical time

א Permeability

FE Phase

א Phase current 

א Phase voltage 

 Pole

א Potential difference 

 Potentiometer  

 Power supply 

 Protection 

R 
FE Rectifier

 Regulator

 Relay

 Reluctance

 Resistance

אא Resistivity

א Reverse bias 

 Ripple  

 Rods  

א Rotating field 

א Rotor 

S 
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 Saturation 

א Self induction

 Semiconductor

אא Series connection

אFאE Single phase   

א Slip ring 

 Solenoid

 Speed 

אא Split phase motor 

 Spring 

אא Squirrel cage induction motor 

 Star connection 

 Starter 

 Stator 

 Summing amplifier 

 Switch 

 Symbol 

א Synchronous motor 

אאא Synchronous speed 

T 
FאאE Thermostat

א Three phase

FאאE Thermistor 

 Timer 

 Torque 

 Transformer

א Transistor

 Tube 
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V 
 Volt

 Voltage 

א Voltage divider 

 Voltage regulator 

א Voltmeter

W 
א Watt 

 Wave 

א Wound rotor induction motor
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