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אאWאאאאאאK 
 

אאאאWאאW 
• אאאאאאאאK 
• אאאאאאאאK 
• אאאאאאאאK 
• אאאאאאאאK 

 
אאאWאאאא١٠٠K٪ 

 
אאWK 

 
אאW 

• אאK 
• אKאK 

 
אאWאאאאK 
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٥ J١ Introduction  
אאאאאא

אאאא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F،א،
KE 

אאאאאאא
אאאאאאאK 

 
٥ J٢ אאאאאאDirect Current Bridges 
٥ J٢ J١Wheatstone Bridge 

FF٥ J١EE
אאאKא

(E)אאאKאFE
אאאאאאK 

 
 
 
 
 
 

F٥ J١EאאאK 
 

A B G

I1 

R1  R2  

I2 

I3 R3 R4 I4 

E 
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אא،אא
אFR4EאאFR2Eא،אא

אאאK 
٥ J٢ J١ J١ אאCondition of Balance of Wheatstone Bridge 

אאאאאABאא،
אR1אאR2،W 

2211 RIRI =          F٥ J١E  

אאR3אאR4،W 

4433 RIRI =           F٥ J٢E  

אא،W 
31 II =  ,   42 II =          F٥ J٣E  

אF٥ J١EאF٥ J٢WE 

44

22

33

11

RI
RI

RI
RI

=          F٥ J٤E  

אF٥ J٣EאF٥ J٤EW 

4

2

3

1

R
R

R
R

=           F٥ J٦E  

אF٥ J٦Eא،אאאW 

3241 RRRR =          F٥ J٧E  

F٥ J١E 
אאאRxאאאF٥ J٢Eאא

אאK 
 
 
 
 
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 
 
 
 
 
 
 

F٥ J٢EאF٥ J١KE 
א 

אא،אאאFF٥ J٧EEW 

32x1 RRRR =  

אאRxW 

Ω=
Ω

Ω⋅Ω
== k40

k12
k32k15

R
RR

R
1

32
x  

٥ J٢ J١ J٢אאGeneral solution of Wheatstone Bridge 

אאאאאאKא
אאאאKKאא

אאאאאאVth
אrthאאא،RGא
אאW 


Gth

th
G Rr

V
I

+
=          F٥ J٨E  

VthrthW 

WVth 

A B G

R1 = 12 kΩ  R2 = 15 kΩ  

R3 = 32 kΩ 
Rx 

E 
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אאAB Vth FאRG
אאKE 

Vthאאא
אKF٥ J٣EVthW 

221121th RIRIVVV −=−=      F٥ J٩E 

)
RR

R
RR

R
(ER

RR
ER

RR
EV

42

2

31

1
2

42
1

31
th +

−
+

=
+

−
+

= F٥ J١٠E 
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Wrth 
rthאאאאא

אאABrthF٥ J٤KE 
 
 

 
 
 
 
 
 

F٥ J٣EאVthK 
 
 
 
 
 
 
 
 
 

F٥ J٤EאאאrthK 
 

 אאrthאאR1R3
א،אאR2R4،אאאאאK

אאrthW 

A B 

R1  R2  

R3 R4 

E Vth 

C  

D 

V1 V2  
I2  I1 

A B 

R1  R2  

R3 R4 

C  

D 

≡ A B 
R1  R2  

R3 R4 

C  

D 
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42

31

31
th RR

RR
RR

RRr
+

+
+

=        F٥ J١١E  

F٥ J٢E 
אאאאאאF٥ J٥KE 

 
 
 
 
 
 
 

F٥ J٥EאF٥ J٢KE 
א 

אאאאW 
VthאF٥ J١٠EW 

)
RR

R
RR

R
(EV

42

2

31

1
th +

−
+

=  

V278.0
k5.7k6.1

k6.1
k5.3k1

k1
6Vth =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
Ω+Ω

Ω
−

Ω+Ω
Ω

×=  

rthאF٥ J١١WE 

42

42

31

31
th RR

RR
RR

RR
r

+
+

+
=  

Ω=
Ω+Ω
Ω×Ω

+
Ω+Ω
Ω×Ω

= k096.2
k5.7k6.1
k5.7k6.1

k5.3k1
k5.3k1

rth  

אאאIGאF٥ J٨WE 

A4.121
20010096.2

V278.0
Rr

V
I

3
Gth

th
G µ=

Ω+Ω×
=

+
=  

 

A B G
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٥ J٢ J٢Kelvin Bridge 
 F٥ J٨E،אאא

Kאאאא
אאאK 
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F٥ J٤E 
אRxאא،RaRb1000،R1=5Ω 

21 R5.0R =K 
 

א 
R1=5Ω21 R5.0R =،W 
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 
٥ J٢ J٣אאאאאאDigital readout Bridges 

א،אאאאא
אאא،אאאאKKאא

אאאא،אא
אאKF٥ J٩Eאא

אאAmplifierא
אאאאאאא

אK 
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 
 

 
 
 
 
 
 
 

F٥ J٩EאאאאאאK 
 

٥ J٢ J٤אאאאא 
Microprocessor – controlled Bridges 

אאא،אאאאאK
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Kאאאא

אאאאאאK 
 
٥ J٢ J٥אאאApplications on D.C  Bridges 
٥ J٢ J٥ J١אאMurray Loop 

אאא
אאאאKאא

אאKאאאאאאאאK
F٥ J١٠EאאKא،אא

Rb  R2  

A B 

R3 Rx 
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،אאאא
אאאאאK 

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

F٥ J١٠Eאא 
 

אאאאאאאא
אLxאRxKאאאאאא

אLaאRaאאאא
אLb-LxאRb-RxK 

אאR2אאא
אK 

אWאא،W 
 

( )
x

xba

1

2

R
RRR

R
R −+

=       F٥ J٢٢E  

x1b1a1x2 RRRRRRRR −+=∴     F٥ J٢٣E 

b1a1x1x2 RRRRRRRR +=+∴      F٥ J٢٤E  

R1  R2  

A B E G 
א


א 



 

La 

Lb 

Lx 
א

א 

אא 
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 
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x RR

RRR
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=∴         F٥ J٢٦E 

אאאאF٥ J٢٦WE 

a
LR ρ

=Q         F٥ J٢٧E 

W 
ρWאאא 
LWא 
aWא 
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     F٥ J٢٨E  

אאאאאW 
 

( )
21

1

21

1
x RR

LR2
L2

RR
R

L
+

=
+

=∴       F٥ J٢٩E  

F٥ J٥E 
אאאאF٥ J١١Eא،

אאאKאא1760 m،א
אאאאא100 Ωאאא

300 Ωאאאא،K 
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 
 
 
 
 
 
 
 
 
 

F٥ J١١EאאF٥ J٥KE 
 

א 

 m880
300100

m17601002
RR
LR2

L
11

1
x =

Ω+Ω
×Ω×

=
+

=∴  

٥ J٣אאאאאאAlternating Current Bridges 
א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
אאאאא

(detector)אFF٥ J١٢KEE،אא
אאאאאאאאא

(Oscillators)אאא(Amplifiers)אא.(Filters) 
 אאאאא

،אאאאא
אאאאK 

100 Ω  300Ω  

A B E G 

 

1760 m 

1760 m 

Lx 



אא ٢٦٧א  א 

אא    

 
 

- ٩٩ - 

 
 
 
 
 
 
 
 

F٥ J١٢EאאK 
 

٥ J٣ J١אאאBalance of A.C Wheatstone Bridge 
אאאאא،אאאא

balanceא،אאאאאאאאK
אאא b cאKא

אF٥ J١٣KE 
 
 
 
 
 
 
 

 
 

F٥ J١٣EאאאאאK 
 

b c 
a.c 

detector 

Z1 Z2  

Z3 Z4 

a.c source 

a

d

b c 

Z1  Z2

Z3 Z4 

a.c source 

a

d

I1 I2 

I3 I4  
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אאאbcאא
אKאאbaא

אcaא،W 
2211 ZIZI =     F٥ J٣٠E 

אאbdאאcdא،
W 

4433 ZIZI =         F٥ J٣١E  

אאאbcא،W 
31 II =           F٥ J٣٢E  

42 II =           F٥ J٣٣E  

אF٥ J٣٠EאF٥ J٣١WE 

44

22

33

11

ZI
ZI

ZI
ZI

=         F٥ J٣٤E  

F٥ J٣٢EF٥ J٣٣E،W 

4

2

3

1

Z
Z

Z
Z

=          F٥ J٣٥E  

אF٥ J٣٥EW 
3241 ZZZZ =         F٥ J٣٦E  

אאF٥ J٣٥EF٥ J٣٦EאאW 

44

22

33

11

Z
Z

Z
Z

θ∠
θ∠

=
θ∠
θ∠

        F٥ J٣٧E  

 
     F٥ J٣٨E( ) ( ) ( ) ( )33224411 ZZZZ θ∠θ∠=θ∠θ∠

אF٥ J٣٨Eא،אאאא
אאW 

3241 ZZZZ =     FאאאE   F٥ J٣٩E  

        F٥ J٤٠E )  אאאאE3241 θ∠+θ∠=θ∠+θ∠
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F٥ J٦E 
אאאאאF٥ J

١٤EW 
°∠Ω= 30300Z1  

°∠Ω= 0150Z2  

°−∠Ω= 40250Z3  

אאאZxK 
 
 
 
 
 
 
 
 

F٥ J١٤EאאF٥ J٦KE 
 

א 
אאאFאF٥ J٣٩WEE 

3241 ZZZZ =  

Ω=
Ω

Ω×Ω
=== 125

300
250150

Z
ZZ

ZZ
1

32
4x  

אאאאFאF٥ J٤٠WEE 
°−=°−°−+°=θ∠−θ∠+θ∠=θ∠ 7030)40(01324  

אאאאW 
°−∠Ω= 70125Zx  

°∠Ω= 30300Z1  °∠Ω= 0150Z2  

°−∠Ω= 40250Z3 x4 ZZ =  

b c 
a.c 

detector a.c source 

a

d
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W 
)70(sin125j)70(cos12570125Zx °−+Ω°−=°−∠Ω=  

5.117j75.42Zx −Ω=  

אאא42.75 Ωאאא
Ω= 5.117XC،W 

C
15.117XC ω

=Ω=  

Ω×ω
=

5.117
1C  

،אאא60 HzאW 

 F58.22
5.117602

1C µ=
Ω××π×

=  

 

F٥ J٧E 
אאאF٥ J١٥Eאאא،ZxK 
 
 
 
 
 
 
 

F٥ J١٥EאאאF٥ J٧KE 
 

A B d

R1=400Ω  
R2=200Ω 

R3=300Ω Zx 

E=6 V 

L2=15.92 mH 

C3=0.4 µF 

F=1 kHz 



אא ٢٦٧א  א 

אא    

 
 

- ١٠٣ - 

א 
אאאW 

F١E אZ1W 

°∠Ω=+Ω= 04000j400Z1  

F٢E אZ2W 
3

222 1092.15j200LjRZ −××ω+Ω=ω+=  

ωW 
sec/rad19.628310002f2 =×π×=π=ω  

אZ2W 

Ω+Ω=×××+Ω= − 100j2001092.1519.6283j200Z 3
2  

°∠Ω=Ω+Ω= 6.266.223100j200Z2  

F٣E אZ3W 

Ω
××

−Ω=
ω

−=
−6

3
33

104.019.6283
1j300

C
1jRZ  

°−∠Ω=Ω−Ω= 13.53500400j300Z3  

אZ4אאאאא،W 
WאW 

Ω=
Ω

Ω×Ω
=== 5.279

400
5006.223

Z
ZZ

ZZ
1

32
4x  

WאאW 
°−=°−°−+°=θ∠−θ∠+θ∠=θ∠ 53.260)13.53(6.261324  

אאZxאאW 
Ω−Ω=°−∠= 8.124j25053.265.279Zx  

،אאאאאא250 Ω
אא124.8א Ωא،W 
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C
18.124XC ω

=Ω=  

F28.1
8.12419.6283

1C µ=
×

=  

٥ J٣ J٢אאאSimilar Angle Bridge 
אאאאאאאKאא

אאאא،אאא
Kאאאאאא

F٥ J١٦E،אאאאאW 
F١E אZ1W 

11 RZ =           F٥ J٤١E  

F٢E אZ2W 

22 RZ =          F٥ J٤٢E  

F٣E אZ3W 

3C33 XjRZ −=         F٥ J٤٣E  

F٤E אZ4W 

Cxx4 XjRZ −=         F٥ J٤٤E  

 
 
 
 
 
 

F٥ J١٦EאאאאK 
 

d

R1  R2  

R3  

Cx 

C3  Rx 
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אF٥ J٣٦WE 

( ) ( )3C32Cxx1 XjRRXjRR −=−      F٥ J٤٥E  

אאאW 

3C232Cx1x1 XRjRRXRjRR −=−      F٥ J٤٦E  

א،אאאאW 
32x1 RRRR =         F٥ J٤٧E  

W 

1

32
x R

RR
R =         F٥ J٤٨E  

אא،אאאW 
3C2Cx1 XRjXRj −=−        F٥ J٤٩E  

W 
3C2Cx1 XRXR =         F٥ J٥٠E  

W 

1

3C2
Cx R

XR
X =         F٥ J٥١E  

W 

31

2

x CR
R

C
1

ω
=

ω
        F٥ J٥٢E  

W 

2

31
x R

CR
C =          F٥ J٥٣E  
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F٥ J٨E 

אאאאא2 kHzאאא،
אאW 

Ω= k10R1،Ω= k50R 2،Ω= k100R 3&F100C3 µ= 
אאאאאאאאK 

א 
אF٥ J٤٨Eאאאא،W 

Ω=
Ω

Ω×Ω
== k500

k10
k100k50

R
RR

R
1

32
x  

אF٥ J٥٣Eאאאא،W 

F20
k50

F100k10
R

CR
C

2

31
x µ=

Ω
µ×Ω

==  

٥ J٣ J٣Maxwell Bridge 
 אאאאK

Kאאאאאא
F٥ J١٧E،אאאאאW 
 

 
 
 
 
 
 

F٥ J١٧EאK 

d

R3  

Rx 

Lx  

R2  

a.c source 

C1

R1 
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 

F١E אZ1W 

1

11

1

1

1
1

1
1

1

C
jCR

C
jR

C
jR

C
jR

Z

ω
−ω

ω
−

=

ω
−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ω

−

=       F٥ J٥٤E  

1
1

11

1
1

Cj
R
1

1
jCR

jR
Z

ω+
=

−ω
−

=       F٥ J٥٥E  

F٢E אZ2W 
22 RZ =          F٥ J٥٦E  

F٣E אZ3W 
33 RZ =          F٥ J٥٧E  

F٤E אZ4W 

Lxx4 XjRZ +=         F٥ J٥٨E  

אF٥ J٣٦WE 

( ) 32Lxx

1
1

RRXjR
Cj

R
1

1
=+

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

ω+
     F٥ J٥٩E  

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ω+=+ 132

1

32
Lxx CRRj

R
RR

XjR     F٥ J٦٠E  

אאאאW 

1

32
x R

RR
R =         F٥ J٦١E  

אאאאW 

132Lx CRRjXj ω=        F٥ J٦٢E  
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W 

132Lx CRRX ω=         F٥ J٦٣E  

W 

132x CRRL =         F٥ J٦٤E  

 

F٥ J٩E 
אא،אאאאW 

Ω= k470R1،F01.0C1 µ=،Ω= k1.5R 2&Ω= k100R 3 
אאאאK 

א 
אF٥ J٦١EאF٥ J٦٤EאאW 

WאRxW 

Ω=
Ω

Ω×Ω
== k085.1

k470
k100k1.5

R
RR

R
1

32
x  

WאאאLxW 
H1.5F01.0k100k1.5CRRL 132x =µ×Ω×Ω==  

 
 
 
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אא 
 

F١E אRxאאFאאאEא،W 
R1 = 400 Ω،R2 = 5 kΩ،R3 = 2 kΩ 

 
 
 
 
 
 
 

 
 
F٢E FאאאEאRxא،אאW 

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

F٣E FאאאEאRxא،אאW 
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 אאR3אאא
א1א Ω100 kΩK 

 
 
 
 
 
 
 

F٥E אאאא،אאא
אאאאאאאK 

 
 

 
 
 
 

F٦E אאא،אאאRxא،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 
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 
 
 
 
 
 
 
 

 
F٧E אאאאא10 mm/µAאאא،K 

 
 

 
 
 
 
 

 
F٨E אRxא،אאאאW 

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 אא،א
אKאa0.1 Ω/30mאb0.005 Ω/30mא،

אLxאא،Laא Lb אאאK 
 
 
 
 
 
 
 

 
 

 
F١٠E אאא،אאאZxא

(R, L or C) K 
 

 
 
 
 
 
 
 
 

F١١E אאאאאא،אZxא،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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 
 
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