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אאWאאא 
אאW 

א א  אא   א א א  
אאאאאאא 

Wאא 
אאאW 

1K אאאאאK 

2K אאאאאK 

3K אאאאK 

4K אאאאאK 

5K אאאאאK 

6K אאאאאאאK 
7K אאאK 
8K אאK 
9K אאאאK 

10K אאK 
11K אאאאK 

12K אאאאFאאEK 

 
אאאW אאא 80% 

  

אאW 24ساعة K  
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אא 

אאא(active elements)א،א،א
אאאא(Operational amplifier)(passive 

elements)אאאK 

אאWאאאאאא
אאאKאאאאאא

א(1)K 
אRאאFΩKEאא

FΩkEאFΩMKEאאאK
Ω 100،2WאאΩ 1002WKא

אKאאא
אKאאאאK 

 

 
F1Eא 

W  

FE  אWאאאאK 
FE  אWאאאא،אW 

R

V
RIP

2
2                                               

FEאFאWEאאאאאאF
אE٪K 
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אאW 

1 Jאא Carbon Resistor :  
 אא א אא

א אאא א  

. 
 2 JאאW Wire-wound resistor  
 אאאאאא

 אאK  J J  

  3 Jאאא Thermistor : 

 אאK אאאא .  

 4 JאאW Photoresistor   

  "Cadmium sulfide" א א
א . 

 5 JאאWVariable resistors   

 אK א Potentiometers 
אK אא،

אאאאאאאאאK 

 
אאאא 

אאאאא
KאאWאאא

אאאK 
 

1 J אאאW J 
 אאאאאK 
 אאFאEאאאא

K 
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 אאאFאE5%א، 10%א،20%
אKF2EאאK 

 

 
F2Eאאא 

 
אאW 

  א 
א 

אאאFאEאאFאE

Black          0 0 1  J 

Brown          1 1 10  1%± 

Red            2 2 100  2%± 

Orange    3 3 1,000  J 

Yellow       4 4 10,000  J 

Green       5 5 100,000  J 

Blue            6 6 1,000,000  J 

Violet   7 7 10,000,000  J 

Gray         8 8 100,000,000  J 

White      9 9 1,000,000,000  J 

Gold         J  J 0.1  5%± 

Silver         J  J 0.01  10%± 

No Color  J  J  J  20%± 
 



103 א אא 

 Jא  אאא 
 

 

- 5 - 

W 

 
F3E47 kΩ ± 5 % 

2 J אאאW J 
 אאאאאאK 
 אאאFאEאאאאK 
 אאFאEאאKא

אאאK 

 

אאW 
  א 
א 

א א אאאFאE
א

FאE
Black         0 0 0 1  J 

Brown          1 1 1 10  1%± 

Red            2 2 2 100  2%± 

Orange    3 3 3 1,000  J 

Yellow      4 4 4 10,000  J 

Green      5 5 5 100,000  0.5%±

Blue           6 6 6 1,000,000  0.25%±

Violet   7 7 7 10,000,000  0.1%±

Gray        8 8 8 100,000,000  0.05%±

White      9 9 9 1,000,000,000  J 

Gold        J  J  J 0.1  5%± 

Silver        J  J  J 0.01  10%±

No Color  J  J  J  J  20%±
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W 

 

F2E47.5 kΩ ± 0.1 % 

אאאא 

אאאאאאאאאאאא

אאאאK 

אאWאאאאאאא

KאאאאאK

אאאא،אאאאאא

אאKאאאאאK 

אאWאאאאאאאK

אאאאאK

אאא،אאאאK

אאאאאK 

אאWאאאאאאKא

אאK 
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(1) 

אאא 

אאWאאאאאא
אאK 

אWאאאאאאKא
אאאW 

(1)        321 RRRRt  
אאאאאא

אאW 
(2)         

tR

V
I  

אאאא
אW 

                          11 RxIV  
 22 RxIV  

(3)                  33 RxIV  
אאWאאא

אאW 
 

(4)         321 VVVVt  
 

אאאאאאW 
 א(0-15V). 

 אאאאאK 

  kR 11 kR 9.32K kR 1.53،א 0.25WK 

 K 
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אאאW 

 
(1)אאא 

אאW 
1 J אא(1)אא10VK 

2 J אאאאא(1)K 

3 J אאאאאא(2)אK 

4 J אאא(3)K 

5 J אאאK 

6 J אאאאK  

אW 
 Rt I V1 V2 V3 V 

אא       

אא       

אFLE      

(1) 
Wאא 
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(2) 

אאא 

אאWאאאאאאא
אאאK 

אWאאאאאאKא
אאW 

(1)        
321

1111

RRRRt
 

אאאאKא
אאW         


1

1 R

V
I  


2

2 R

V
I  

(2)           
3

3 R

V
I  

אאאאאKא
אאאאאאW 

(3)        321 IIII  
אאWאאאאא

אאאאK 
(4)         321 IIII t  

 

אאאאאאW 
 א(0-15V). 

 אאK 

  kR 11 kR 9.32K kR 1.53،א 0.25WK 

 K 
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אאאW 

 
(1)אאא 

אאW 
1 J אא(1)אא10VK 

2 J אאאאFאאEא(1)K 

3 J אאאא(1)אאRtאK 

4 J אאאא(2) (3)K 

5 J אאאאאאK 

6 J אאאאK 

 

אW 
 Rt I1 I2 I3 I 

אא      

אא      

אFLE     

(1) 
אאW 
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אא 

W   א א      א א א 
אא Kאא

אאאאאאאK
אאW 

1 J אא W אא
Kאאאאא 

2- אאאWאאאאאK  

3- א א Wא  א א  א  א   
אאK  

א  א א  א  א  א א  
  א א  א  א  א 

אאK 
 

אאW 

1 J אWאאאאאא
אאאאאK 

2 J אWאאאאא
אKאאאאאאא

אאאאאאK 

3 J אWאאאאא
אאאאאKאW 

 J  אאאאK 

 J  אאאK 

 J  אאאK 
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אW 
1 J WאאאאF1 JKE 
2 J    W א  אאא      ،

אאFאE،
אF1 JKE 

 
(1)אאאK 

אאאW 
א א  א א   א א   K 

אא
אKאW 

1 J אאWא
Kאאאא

אאאאא
F-2KE 

2 J אאWאאKא
אאKא

אאאאK
אאאאאא

F-2EK 
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(2)אאאK 

אאאW 

אאא–אאא(D' Arsonval 

meter movement)  Jא א א א א  ، 
א       אא  א א אאא

אאKאאאאא
אאאאאאKKKאא

 אא    (multipliers)א  א  K 
אאאאK 

אWאאאאאאK
אFאאאEאא

  א Kאא 
אW  

        F = BLI        Newton 
 

א،אE،L אB Fאא
אא אF א  IאאKאא א א

 א א   אKאא אא  אא 
אא(3)K 
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     א א א     א 
אאאאאאאאאאא

K 

 
(3)אאאK 

אאאאW 

א א א אאא א 
אאK

אא א  K א א א   
אK 

 

אאאאאאW 
א   אא א  א א   א  (Rm) א 

אא( Ifs) אאאאא
אK 
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אאאאאאF4E
KאאאאK  

 
(4)אאאא 

 

אאאאאW 

1K א،א،אK 

2K אאאאאאK 

3K אאאאאאאא
אK 

4K אאאאאאאאאא
אאאאאאK 

5K א،אאאאK 

6K אאאK 

7K אאאאK 

8K אאאאK 
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אאאאW 

אאאאא 
אא

א 

1


א 

אא
אאFא

אE 

אא
א 

אא
אF

א
אאE 

2א    

3


א 
   

4


א 
אא אאאא אאאא 

5א20-200 Hz DC 20-100 kHz 

6אא 

1 Jא 

2 Jא 

3 Jא
אא 

4 Jא
אא 

 

1 J 
2 J 

3 J
א 

4 Jא
 

1 J 
2 J 

3 J
א 

4 Jא
 

5 Jא
אאא 

7א 

1 J 
2 J

אא 
3 Jא

אאא
א 

1 J
א 

2 Jא
אא

3 Jא
אא

1 Jא
א

א 
2 J

אא 



103 א אא 

 Jא  אאא 
 

 

- 17 - 

אאאאא 
אא

א 
4 J

אאא 
5 Jא،

אאאא

 

  

אאאאאאא
אאאK 
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(3)  

אאאאא 

אאWאאאאאא
אאאK 

אאאאאאW 
 א(0-5V). 

 (0-1 mA)K 

 אאK 

 אאFKE 

   kk 100,22K 

 K 

א א אא א 
אK 

 

אאWאא 
1 J אא(1)אא

אאאK 

2 J א1K 

3 J אאאאK 

4 J  א  אא א ،   א א א  א
R1 א(1)K 

5 J אאאא13אא
אאאK 

6 J אאאאאאאR2 
א(1)K 

7 J אאא1אmR אW   121 2RRRm  
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(1)אאאאאא 

אאWא 
1 J     אא (2)א   א א

אאK 

2 J א Volt1K 

3 J אאאא  fsII K 

4 J אאאFאאEא(1)K 

5 J אאאאאW     
fs

m I

V
R 2 

 

 
(2)אאאאא 
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אאWאא 
1 J   אא(3) א א(100 k)

אאאK 

2 J אSא(22 k)אאאא،
אאאאK 

3 J  א א א   א  א(22 k)  א
13 RRm  א(1)K 

4 J אאאאאavmR _אW  
3

321
_

mmm
avm

RRR
R


 

 

 
(3)אאאאאא 

 
אW 

אאא
א


אא 

א
א

א 
 J J J J J JR1=V(mV)=R1=

 J J J J J J J J J JI(µA)=R2=

Rm_av=Rm3=Rm2=Rm1=

(1) 
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אאW 
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(4)  

אאאאאאאFאE 

אאWאאאאאא
אאאKאאא

אW 1V،2V،5V،10V،20VK 

אW א א  א   א א אא 
אאאW   V = I x R 

אאאאאK 
אאאאאאאאא

F K Eאאאא
(10 mV)  Kאאאאאאאאא

א K
אאאאאאאK

אא(multiplier)אאK 
 

אאאאאאW 
 א(0-20V)K 

 (0-1 mA)K 

 אאK 

 אאFKE 

 אK 

 K 
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אאאW 

 
(1)אאאא 

אאW 
1K אאRSאאW 

 

VאKאאאK 
2K א(1)אאאK 

3K אאאאRmאאK 

4K א 1V אאאא
אאאאאאE

אK 
5K אאאאאW 

100*%
E

VE
error


  

Eאאא،Vאא
א1אVא2V אאאK 

m
fs

S R
I

V
R 



103 א אא 

 Jא  אאא 
 

 

- 24 - 

6K אאאאא
אאאאא 

7K אאאאאK 

8K אK 

 

אW 

א٪V(Volt) E (Volt) 
א

אRS 
א 

 1   0-1 V 1 

 2   0-2 V 2 

 5   0-5 V 3 

 10   0-10 V 4 

 20   0-20 V 5 

 
אW 
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אאW 
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(5)  

אאאאאאאFE 

אאWאאאאא(0-100µA)
אא(0-20mA)אאאאאK 

 

אWאאאאאאא
אאאא(50 µA)،

אאאאאאא
 אא K אאא

אאא(Ifs)אא
אKאא(Rsh)אאK 
 

אאאאאאW 
 א(0-15V)K 

 (0-100 µA)K 

 אאאK 

 אאFKE 

 (100Ω, 2 W)K 

 אK 

 K 

אאאW 
(1)אאאאאW 

fsm IRmV *  
shshsh IRV *  

   shshfsm IRIR **   
       fssh III   
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fs

mfs

sh

sh
sh II

RI

I

V
R


    

11 





n

R

I

I
R

R m

fs

m
sh   (1) 

nאאW    
fsI

I
n   

                   

אאאW 

 
(1)אאאאא 

 

אאW 
1K אRm אאK 

2K אאRShאא
1


n

R
R m

sh. 

n א 

אאאאK 
3K אאאאK 

4K א(1)אאאK 

5K אאאאK 

6K אאאאאאאא
אI1אK 

7K אאאאאW  100*%
1

1

I

II
error
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I1אאא،Iאא
אא5 mA אאK 

8K אאאאאאא
אאאK 

9K אאאאאK 

10K אK 
 

אW 

א٪I(mA) I1 (mA) 
א

אRSh 
א 



 5   0-5 mA 1 

 10   0-10 mA 2 

 20   0-20 mA 3 
 

אאW 
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אאW 
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(6) 

אאאאאאא 

אאWאאאאאא
אאאא

K 
אWאא אאא א

אאאאאא
אאKאאאא

א א Kאאא א א א
אאKאאאאא

 K  א א א א  א  W   א
אאאK 

  
אאאW 

אאאאאאאאאVdc

אאRMSVW         RMS
RMS

dc V
VVm

V 45.0
2




 
 

אאSdcW 
 V

I
S

fs
dc /

1
           (1) 

אאSacW 
V

I
SS

fs
dcac /

45.0
45.0   

אאRSאW 
macacS RRangeSR  *          (2) 

acRangeאאK 
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אאאאאאW 
 א(0-20V)K 

 (10-100 µA)K 

 1FאKE 

 אאK 

 אאFKE 

 אK 

 K 

אאאW 

 
(1)אאאאאFE 

 
אאW 

1K אRm אאK 

2K אאאSacאW  V
I

S
fs

ac /
45.0

 

3K אאRSאא (5 V, 10 V, 25 V )
אF2EW       macacS RRangeSR  * 
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4K א(1)אאאK 

5K אאאאK 

6K אאאאא(V1)אK 

7K אאאRS1אאK 
8K אאאאאW  100*%

1

1

V

VV
error


 

V1אאאא،Vאא
א5V אאK 

9K אאאאאאא
אאאK 

10K אאאאאK 

11K אK 
 

אW 

א٪V(V) V1 (V) 
א

אRS 
א 



 5   0-5 V 1 

 10   0-10 V 2 

 25   0-25 V 3 

אאW 
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אאW 
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F7E 

אאאאאאא 

אאWאאאאאא
אאאא

K 
אWאאאאאא

אאאאKאא
אאK 

 
אאאW 

אאאאאאאא
VdcאVRMSW 

RMS
RMS

dc V
VVm

V 9.0
222




 

אאSdcW 
 V

I
S

fs
dc /

1
           (1) 

אאSacW 
V

I
SS

fs
dcac /

9.0
9.0   

אאRSאW 
macacS RRangeSR  *          (2) 

acRangeאאK 
 

אאאאאאW 
 א(0-20V). 

 (10-100 µA). 
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 4FאKE 

 אאK 

 אאK 

 אאFKE 

 אK 

 K 

אאאW 

 
(1)אאאאאFE 

 

אאW 
1K אRm אאK 

2K אאאSacא(1)W V
I

S
fs

ac /
9.0
 

3K אאRSאא (5 V, 10 V, 25 V )
אF2WE       macacS RRangeSR  * 

4K א(1)אאאK 

5K אאאאK 

6K אאאאא(V1)אK 
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7K אאאRS1אאK 
8K אאאאאW  100*%

1

1

V

VV
error


 

V1אאאא،Vאא
א5V אאK 

9K אאאאאאא
אאאK 

אW 

א٪V(V) V1 (V) 
א

אRS 
א 

 5   0-5 V 1 

 10   0-10 V 2 

 25   0-25 V 3 

 
10K אאאאאK 

11K אאFאא
Eאא،א،אK 

 

אאW 
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אאW 
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(8)  

אאאאאאFE 

אאWאאאאאא
אאאאאK 

 

אWאאאאא
 RZE אאאאRZאאא

FאX,YEאאIfsKRXא
FאאEאאאאFאאאE

אאאאאאאK 
 

אאאW 
אאאאW         XmZ RRR

E
I


 

א0XRאאאאאאW 

mZ
fs RR

E
II


           (1) 

mZX RRR אאאאאאW 

  fs
mZ

I
RR

E
I

2

1

2



          (2) 

 mZX RRR  2אאאאאאW 

  fs
mZ

I
RR

E
I

3

1

3



          (3) 

 mZX RRR 3אאאאאאW 

  fs
mZ

I
RR

E
I

4

1

4



          (4) 

אKKKאאאאאא
אאXRK 

   א א  mZ RR א   א  א א 
אאאXRK(1)K 



103 א אא 

 Jא  אאא 
 

 

- 39 - 

 
(1)אאאאאK 

 

אאאאאאW 
 א(0- 10V). 

 (10-100 µA). 

 אאFKE 

 א(20 kΩ, 22 kΩ, 100 kΩ, 1 MΩ)K 

 K 

אאאW 

 
(2)אאאאFE 

אאW 
1K אRm אאK 
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2K אאאZRאאא(2)K 

3K אא(X, Y)א3Vאא
ZRאא 0XRK 

4K אאא mZ RR 
  kRX 22א(X, Y)אא

א







fsI
2

1Kאאאא

 mZ RR K 

5K אאאאK 

6K   MRX 1א(X, Y)א
אאא








fsI
3

1Kא mZX RRR  2K

אאאאK 

7K  XRאאא
אאאK 

א:  
  

XR  mZ RR  אא 
  fsII  1 

  fsII
2

1
 2 

  fsII
3

1
 3 

  fsII
4

1
 4 

  fsII
5

1
 5 

 
8K אאאאK 

9K אK 

10K אא(X, Y)ZR
אא 0XRK 



 

 

  

אאאאאאאא 

 




א


א


א








א
  

2
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אאWאאאא 
אאW 

אא    א א  אא   א
אאאK 

אאW 
אאאW 

1 J אאאאא 

2 J אאאאא 

3 J אאאאא 

4 J אאK 

 

אאאWאאא80٪ 
  

אאW 4K  
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אא 

אאאאא
אאKאאא

KאאW 
1 Jא(Transducer)  Wאאאא

אאאאאK
אאאאאאK 

2 J א(Signal Modifier)W אא אא א 
אא   Kאא 
אאאKאאאאאK 

3 Jא (Indicating Device)W א א א
אאאא(LED Display)אאא(LCD) Kא

אאK 
 

אא(Digital Voltmeter) 

אאF1WE 
1 J  (Attenuator)W   אא א   א  א

אK 
2 J א(A/D Converter) Wאאא

אאK 

3 J א(Decade Counter)  W א אא 
אK 

4 J   (Digital Display) W  א  א   א 
אאK 
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(1)אK 

אאאאאאא
אאK 

 
אא(Digital Ammeter) 

אאא
א(2)K 

 
(2)אK 

 

אא (Digital Ohmmeter)  

   א א         א
(Constant Current Source)אאאאא
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אאאאאאא
אK 
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K 
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 אא(0-220V)K 
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7 J אאאאאאאאא16K 

8 J אאאאאאאאא16K 

אW 

אאFE אאFE 
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        20 

        30 
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22 QPS  


S

P
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 אא(0-220V)K 
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 אא A5,56 K 

 (R-L Load)א(100 mH, 1.5A.) 

א A5,56 אK 

  (R-C Load) א (47 µF, 

400V) א A5,56 אK 
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א (Voltage Transformer)אאאW 

אאאאאא
אא

2

1

N

N
KV אאאאא

2

1

V

V
KV Kאאאאאאאאא

(1)K 

 
(1) אאאאK 
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א(Current Transformer) אאאW 
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2
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V
K I 

אאאאא
2

1

I

I
K I Kאאאאאאא

אאאFאKKKאE(2)K 

 
(2) אאאאK 

 
 אא Fאא Eא  א  א   K  

אאאאא
אאאK 
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