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⎞
⎜⎜
⎝

⎛
ω

−

=       F٥ J٥٤E  

1
1

11

1
1

Cj
R
1

1
jCR

jR
Z

ω+
=

−ω
−

=       F٥ J٥٥E  

F٢E אZ2W 
22 RZ =          F٥ J٥٦E  

F٣E אZ3W 
33 RZ =          F٥ J٥٧E  

F٤E אZ4W 

Lxx4 XjRZ +=         F٥ J٥٨E  

אF٥ J٣٦WE 

( ) 32Lxx

1
1

RRXjR
Cj

R
1

1
=+

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

ω+
     F٥ J٥٩E  

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ω+=+ 132

1

32
Lxx CRRj

R
RR

XjR     F٥ J٦٠E  

אאאאW 

1

32
x R

RR
R =         F٥ J٦١E  

אאאאW 

132Lx CRRjXj ω=        F٥ J٦٢E  
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W 

132Lx CRRX ω=         F٥ J٦٣E  

W 

132x CRRL =         F٥ J٦٤E  

 

F٥ J٩E 
אא،אאאאW 

Ω= k470R1،F01.0C1 µ=،Ω= k1.5R 2&Ω= k100R 3 
אאאאK 

א 
אF٥ J٦١EאF٥ J٦٤EאאW 

WאRxW 

Ω=
Ω

Ω×Ω
== k085.1

k470
k100k1.5

R
RR

R
1

32
x  

WאאאLxW 
H1.5F01.0k100k1.5CRRL 132x =µ×Ω×Ω==  

 
 
 



אא ٢٦٧א  א 

אא    

 
 

- ١٠٩ - 

אא 
 

F١E אRxאאFאאאEא،W 
R1 = 400 Ω،R2 = 5 kΩ،R3 = 2 kΩ 

 
 
 
 
 
 
 

 
 
F٢E FאאאEאRxא،אאW 

R1 = 10 kΩ،R2 = 60 kΩ،R3 = 18.5 kΩ 
 
 
 
 
 
 
 
 
 

F٣E FאאאEאRxא،אאW 
R1 = 5 kΩ،R2 = 40 kΩ،R3 = 10 Ω 

 

A B G

R1 = 400 Ω  R2 = 5 kΩ  

R3 = 2 kΩ 
Rx 

E 

A B G

R1 = 10 kΩ  R2 = 60 kΩ  

R3 = 16.5 kΩ 
Rx 

E 
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F٤E אאR3אאא
א1א Ω100 kΩK 

 
 
 
 
 
 
 

F٥E אאאא،אאא
אאאאאאאK 

 
 

 
 
 
 

F٦E אאא،אאאRxא،W 
Ig=13.6 µA, Vth= 24 mV 

A B G

R1 = 5 kΩ  R2 = 40 kΩ  

R3 = 10 Ω 
Rx 

E 

A B G

R1 = 1 kΩ  R2 = 10 kΩ  

R3   
Rx 

E 

A B G

R1 = 1 kΩ  R2 = 1 kΩ  

R3=1 kΩ   R4=1050 Ω  

E=3 V 



אא ٢٦٧א  א 

אא    

 
 

- ١١١ - 

 
 
 
 
 
 
 
 

 
F٧E אאאאא10 mm/µAאאא،K 

 
 

 
 
 
 
 

 
F٨E אRxא،אאאאW 

Ra=1200 Ω, Ra=1600Rb, R1=800Rb & R1=1.25R2 
 

 
 
 
 
 

A B G

R1 = 1 kΩ  R2 = 1 kΩ  

R3=5 kΩ   Rx   

E=3 V 

Rg=100 Ω 

A B G

R1 = 500 Ω  R2 = 500 Ω  

R3 = 1 kΩ   R4 = 1010 Ω

E=3 V 

Rg = 500 Ω 

E A B G

R1 
R2 

R3 
Rx

Ra 

Rb  
Rlc 
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F٩E אא،א
אKאa0.1 Ω/30mאb0.005 Ω/30mא،

אLxאא،Laא Lb אאאK 
 
 
 
 
 
 
 

 
 

 
F١٠E אאא،אאאZxא

(R, L or C) K 
 

 
 
 
 
 
 
 
 

F١١E אאאאאא،אZxא،W 

°−∠Ω=°−∠Ω=°∠Ω= 20100Z,40300Z,0400Z 321 
 

\ 

R1=100 Ω  R2=500 

A B E= 6 V G 
La 

Lb 

L

A B d

R1 = 200Ω  
R2 = 200Ω  

R3 = 500Ω Zx 

E = 6 
C2 = 5 µF 

C3 = 0.2 µF 

F=1 kHz 
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F١٢E א،אאאאאאRx, CxK 

 
 
 
 
 
 
 
 
 

F١٣E א،אאאאאאRx, Cxא،W 
°−∠Ω=°∠Ω=°∠Ω= 501000Z,015000Z,02000Z 321  

 
 
 
 
 
 
 

b c 
a.c 

detector 

Z1 Z2  

Z3 Zx 

E= 6 V 
 f = 1 k HZ 

a

d

d

R1= 1.65 kΩ  R2= 15.3 kΩ  

R3= 2.5 kΩ  

Cx 

C3= 10 µF  Rx 

E = 6 V 
f = 1 kHZ 

d

Z1  Z2  

Z3  

Cx 
Rx 

E = 6 V 
f = 1 kHZ 
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F١٤E אאא،אאאאLx, RxK 

 
 
 
 
 
 
 

 
F١٥E אאא،אאאאLx, Rxא،

W 
°∠Ω=°∠Ω=°−∠Ω= 01000Z,0100Z,758.153Z 321  

 
 
 
 
 
 

 
 

 

d

R3=1 kΩ  

Rx 

Lx  

R2=100 Ω  

E = 6 V 
f = 1 kHZ 

C1=1 µF 

R1=600 Ω 

d

Z3  

Rx 

Lx  

Z2 

E = 6 V 
f = 1 kHZ 

Z1  


