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١٤٠ א  א 

 -١  
 
 

 

،،אא،אW


אאאאאאאאאא
  א א א א א   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 אא  

א א  א ، אא א א
א،אאאא
אאאאאאאאאאאאא

א        א  א   ،
אא،אאK


 א א   ? J١ ?  ? 

?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K


، א אאא
אK


אאאא 



 ١٤٠  א 

 -١  
 
 

 

אאאא،KKK،
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אאאKאאא

،אאאאא
אאא،אאא
אאאאאאאאK

אאJ١אאאאאאאא
אK

אא،אאאאאא
אא،א،אאK

א،،אאא
א،אאאא

אאK
،אKKKKKK


 



 

 

 

אאאאאא  

 

JJ١١  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א




א


א


١



אא ١٤٠ א א 

אא -١ אא 
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אאאא


،אאאאאW
• אאאK 
• אאאK 



אא ١٤٠ א א 

אאא -١  
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١J١ 
אאאאאאא،

אאאK
١J٢ אאאThe International System of Units 

אאאאא
אאאKאאאא

אKK
١J٢J١ אאThe Measurement Units 
אאא،אא

אאW


אQuantity אUnit אSymbol 

אLengthMeter m

אMass אKilogram kg

אCurrent Ampere A

אTime Second s

אאTemperature Kelvin K

אLuminous Intensity Candle cd

F١-١EאאThe Measurement Units


אאTemperatureא Luminous IntensityאאאK
אאאאאאאאאאא

אא،אאForceNא

א2s
kgKאאElectric PowerאWatt



אא ١٤٠ א א 

אאא -١  
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W
s

NmKאאElectric Energy

אJoule JNmK
١J٢J٢ אאאאאא 

Power of ten units، prefixes، which attached to the measurement units
אאאאThe International System of Unitsאpower 

of tenאאא،אאא
אאW

א
Prefixes to the Units

א
Symbol 

א
Power of ten

Attoa1810*1 −
Femto f1510*1 −

Pico p1210*1 −
Nano n910*1 −

Micro µ610*1 −
Milli m310*1 −
Centi c210*1 −
Deci d110*1 −
Deka da110*1
Hecto h210*1
Kilo k310*1
Mega M610*1

Giga G910*1
אTera T1210*1

F١J٢Eאאאאאא
 

١J٣ אאאThe Basic Electrical Quantities 
אאאאChargeא،Currentא،Voltageא،

אאElectrical ResistanceKאא
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אאאאאא،
AtomsKאאאElectronsFאJE،

אProtonsFאEHא،NeutronsFאKE
١J٣J١ אCharge 

Qאא،Electronא
Proton،אאאאK،א

אK
،אאא

אאא،אאא
אCoulombאCK

١J٣J٢ אCurrent 
אאאאאI،

אאאאאאKא
אFאEאאCurrentKW

dt
dQI =            F١J١E  

אAmpereא،W

s
CA ≡            F١J٢E  

WIאAK
QWאChargeCK
tWאtimesK

א،א
Electronsא،אאK
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
 
 

 
 
 





F١J١Eא 
אאאאאאא

אvoltage sourceאא،א،אאא
אKאאאאא

KאאאאW
١K Pure D.C. Current  

،אאאאF١J٢KE

time (t)

C
ur

re
nt

 (I
)

 
F١J٢E

٢K Pulsating Current  
،אF٣J١KE

time ( t )

cu
rre

nt
 ( 

I )



E 

I 

Load
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time ( t )
cu

rre
nt

 ( 
I )



time ( t )

cu
rre

nt
 ( 

I )


F١J٣EPulsating Current 

٣K Alternating Current 
אאKאאsin wave

אאAlternating CurrentK

time ( t )

cu
rre

nt
 ( 

I )


F١J٤EAlternating Current 

١J٣J٣ אVoltage 
אא(Work)،אאVolt

אW

C
JV ≡            F١J٣E  

W

dQ
dWV =           F١J٤E  

W
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VWאVK
WWאJK
QWאChargeCK

١J٣J٤ אResistance 
،אאאאאא

אאאאא،Electric Powerאאא
אKאאא،אאאאOhmKא

אא،אאOhmΩ،
א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

אאW

Resistance (R)

C
ur

re
nt

 (I
)


F١J٥Eאאא

 

١J٣J٥ אאResistance of a wire 
אWiresאW

١K אLength،LK
٢K אCross-section Area،AK 
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٣K אFאאEMaterial،ρ،Kא
K 

٤K אאTemperature،TK 
אאאW

A
L.R ρ

=            F١J٧E  

W
RWאResistanceΩK
ρWאאm.ΩK
LWאLength،m
AWאCross-section Area،א2mK

F١J١E
אא٥mmא،٥mKא

אC20oאא،m10*72.1 8Ω−  

א

אRאF١J٧E،W

A
L.R ρ

= 
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אאTypes of Resistors 
אW

١K אאWOpto-photo-Resistorsאאא
،א،א

אאK 
٢K אאאWThermal-Resistors،אאא

אאKאאאאאאאK
אאא
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
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
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אאאK
٣K אאאVoltage Dependent ResistorsWא

VDR،אאאK 
٤K אאLinear ResistorsWאאאאW 

K אאWK
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K אאWאאא
אאאKאאא

W 
١EאPotentiometerWא

Voltage Divider،א١،٢،٣F١J
٧FEEא،אאMega OhmK

٢ERheostatWאאא
אKilo 

Ohmאא،אא،
אאאא،

אאאאKא
F١J٧FEE

KאאWאאאאאאאא
אא،אאK

אאאאאאK
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١J٣J٦ אConductance
אא،אאאG

SiemensאAmpere per Voltא،
W

R
1G =            F١J٥E  

SiemensK
W


G
1R =            F١J٦E  

.Ohm
אGאאK
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אא


١K אאאאאא: 
E٢٩٠٠٠ kW

EΩ ٧٠٠٠
E٠٠٠٣}٠ ms
E٠٥}٠ A 

E٠٠٠٠٩}٠ V 
E٧٠٠٠٠٠٠ V 
E٠٠٠٠٠٠٠٠٨}٠ s 
E٩٠٠٠ kW 

 

٢K W 
E١٥mAA

E١}٠ nss
EAµ ٨٠٠mA
E١٣ nAA

 

٣K אW 
E١٥mAHAµ ٨٠٠

E١}٠ nsH١٣ ms
EAµ ٨٠٠+ ١A 
E١٣ nA+٧٠٠٠ µA

 
٤K אA - BW 

EA=١٥mA،Aµ B=٨٠٠
EB=١٣ ns A=١}٠ ms
EAµ A=٨٠٠، B= ١٠٠٠ nA 
EA=١٣mV،B=٧٠٠٠ µV
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 
٥K א

B
AW 

EA=١٥mA،Aµ B=٨٠٠
EB=١٣ ns A=١}٠ ms
EAµ A=٨٠٠، B= ١٠٠٠ nA 
EA=١٣mV،B=٧٠٠٠ µV

 
 

 



 

 

 

  

 

JJ١١  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 







٢
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אאאא


،אאאאאW
• אאאK 
• אאאK 
• אאאK 
• אאא 
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٢J١
אאאFundamental Lawאאא

،אאאK
אאאא

א،אאאK
אאאאאא

אאאאK
אאאאאאאGeorge Simon Ohm

Ohm’s Law١٨٢٦Kאאא
،אאאא،אאאא

אא،אאאW 
 

 
 





F٢J١Eאא
 

٢J٢Ohm’s Law 
،אאאאא

אK
٢J٢J١ FEאCurrent Formula 

אאאא

R
VI  , 

R
EI

T
==          F٢J١E 

                                                                                         
WIאAK

EאVoltage SourceVK
VאאVoltage Drop،VK

I R

+ − 
V

I 

t 

Slope = R
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F٢J١E
אΩ100،א٥٠V،

אאא؟







F٢J٢EאאאF٢J١E

א
אאW

A5.0
100
50

R
VI === 

 
٢J٢J٢ אResistance Formula 

אאאאKאא
אW

T
T I

ER , 
I
VR ==         F٢J٢E 

W
TRW،אאאΩ
IאAK

TIאאאאK
EאVK
VאאVK

A
I 

V Ω100
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F٢J٢E
א ١٥٠mVא،A75µ،

א؟









F٢J٣EאאאF٢J٢E
א

אW

Ω=Ω===
−

−
K210*2

10*75
10*150

I
VR 3

6

3
 



NoteW

،אאאאא
אאK

F٢J٣E
אא א٥}٠ mAאא٣٠VK

Kאאאא
א

אW

Ω=Ω===
−

k6010*60
10*5.0

30
I
ER 3

3
T

T 

A
A75I µ=

V mV150

-

+
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F٢J٤E

אאאאאR١١٠mA،א
א٢٥ V؟אא، 

 
 
 
 
 
 





F٢J٤EאאאF٢J٤E

א

Ω=Ω===
−

k5.210*5.2
10*10

25
I
VR 3

31 

٢J٢J٣ Voltage Formula 

אאאאאK
אאאK

٢J٢J٣J١ אVoltage Drop 

א،אאאאא
אאFאאE

אאאאא
אאא،אאאאא

אK 

R.IV =           F٢J٣E 

V25V =

V 

A 
mA10I = 

1R
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٢J٢J٣J٢ אVoltage Source 
אאאאא

אאTR،

TT R.IE =          F٢J٤E 

F٢J٥E
،אאא אΩ500אא

١}٠אA
א

V50500*1.0R.IE TT === 

F٢J٦E

א،אאΩK27אא٣mA
א

V 8110*27*10*3R.IE 33
TT === − 

F٢J٧E

אΩk28אאא،٨}٠mA

א

V 4.2210*28*10*8.0R.*IV 33 === − 


NoteW
אא

אאא،א،אאא
אאאW
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

 
 
 
 

F٢J٥E


א،אאאאאW

R*IV =F٢J٥E 

R
VI =           F٢J٦E 

I
VR =F٢J٧E 

 
אK

אSummary
١K אאאאK
٢K אCurrent،א،א،א

W
R
VI =K 

٣K ،אאאW 

R*IV = 
٤K אאאאTIאאא

אאאTRאא،K 
٥K אאא

אאאK 
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אא


١K אאאא
W 

FE אK
FE א٧٥٪K 
FE אK 
FE א٣٥٪K 
FE אאאאK 
FE אאאאK


٢K א،אאW 

FE Ω== 1R   ,  V5V
FE Ω== 10R   ,  V15V 
FE Ω== 100R   , V50V
FE Ω== K15R   , V30V
FE Ω== M6.5R  , V250V

 
٣K ΩK10١٢V؟אאא، 
 
٤K אאאWJJJ،

אאאא،١٢VK 
 

٥K ٢٥V،אאאא
אאאWJJJK 

 
٦K אאאאאאא

אא،אאאΩ8
אW 
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

 
 
 
 





אFuse،אאא
אאא١٠٠ V؟


٧K אאIאRאאW 
FEΩ== 18R     ,A2I
FEΩ== 680R     ,A5.2I
FEΩ== 56R     ,A5I 


٨K אאΩ27٣Aא،

K؟א 
 
٩K אאVא،IאאW 
FEV10V    ,A2I ==
FEV90V    ,A45I ==
FEV50V    ,A5I ==


١٠K א،אאאאΩ= 100R

Variable Voltage Sourceאאא،א
אאאאאאVK ١٠٠אא

V V100V120

Fuse 

R 
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KאאVאIKאא
؟؟אאא 

 
١١K אאmA5I =אV1V =K

אאאאאאW 
FE V5.1V =
FE V2V = 
FE V3V =
FE V4V =
FE V10V =

א،אVאIאא،K 
 

١٢K אאאא،אא،
K 

 





 
 
 
 
 
 
 
 
 

V50

Ω= k3.3R Ω= k9.3R

V75

Ω= k7.4R

V100



 

 

 

אאאא  

 

JJ١١  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א



א



٣
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אאאא


،אאאאאW
• אאאK 
• אאאאאK 
• אאאאאאאK 
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٣J١ Introduction 
א،אאאאאא

א אא  א א   K   א א  
אאאאPower K

אאאאאאאK


٣J٢ אPower  
אאאKאאWatt،PK

אאtאאW

time
EnergyPower =          F٣J١E   

t
EP =            F٣J٢E   

 W
אZאLא

W
PWאPowerאWattK
EWאEnergyJאא⋅secondWatt ⋅K
tWאtimesecondK


Note
،אאאאאאאWWatt

אJouleאאאא،אW


ondsec
JouleWatt =          F٣J٣E  
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F٣J١E
אא١٠٠ Jא٥ sec؟אא،


א

אW

Watt 20
sec 5

J 100
t
E

time
EnergyPower ====  

F٣J٢E

אאP = ١٠٠ Wאאא،t = ٣٠ secKא؟
א

time*Power Energy 
time

EnergyPower =⇒=  
kJ3J300030*100  t*PE ====  

NoteW
אאEnergyEWK

F٣J٣E
אאאאאאאW

FE ٠٤٥}٠ W
FE ٠٠٠٠١٢}٠ W 
FE ٣٥٠٠ W 
FE ٠٠٠ ،٠٠٠ ،١٠ W

א
     אאmWWkWMWKאאא

אאאאאא،mWאא،
אאאאאKWKאאאא

אאאMWK

FE P=٠٤٥}٠ W،אאא،אmW 
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W

mW4510*45W10*10*045.0W045.0P 333 ==== −−  

FE P=٠٠٠٠١٢}٠ W،،אאא
אאאא،אWµא،

W 

W12W10*10*000012.0W000012.0P 66 µ=== −  

FE P=٣٥٠٠ W،kWאW 

kW5.3W10*10*3500W3500P 33 === −  

FE P=٠٠٠}٠٠٠}١٠ WאMWW 

MW10W10*10*10,000,000W10,000,000P 66 === −  

NoteW
אאאW 

JאאאאאאK
JאאאאאאK

Jאאאאאאא،אאאK
Jאאאאאאא،אאאK

F٣J٤E
אאאW

FE١٤٠٠ WאK
FE٢٥٠٠ WK
FE٠٠٠}١٠٠٠ WK

א

אאאאאאW
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kW4.1
10
1400W1400

3
==         FE   

kWh4.1h1*kW4.1t*PW ===  

kW5.2
10
2500W2500

3
==         FE  

kWh5h2*kW5.2t*PW ===  

kW1000
10

1000000W1000000
3

==        FE   

kWh5000h5*kW1000t*PW ===  

٣Jא ٣אאאPower in Electric Circuit 
אPowerא،אא

،א،א،אאאאאא
אאאאאOhm’s LawK

אאאW
I.VP =            F٣J٤E  

W
PWאPowerא،WattK
IWאAK

VW،אVK
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
 
 


 




F٣J١Eא


אאאR.IV =א
אW

R.II.R.II.VP 2===          F٣J٥E  




א،
R
VI =א

אW

R
V

R
V.VI.VP

2
===          F٣J٦E  

T
T I

ER , 
I
VR ==          F٣J٧E  

F٣J٥E
אאΩ10אא،W

FEI=٧}٠A 
FEI=٤}١A
FEI=١}٢A

I

V R

+
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א
אאW

W9.410*)7.0(R.IP 22 ===      FE  

W6.1910*)4.1(R.IP 22 ===      FE   

W1.4410*)1.2(R.IP 22 ===      FE   

אא،אאאPI
KW

2IP α            F٣J٨E  

אאאאאאאא
אאאW

FEA7.0IWatt9.4P =←= 
FEA4.1IWatt6.19P =←=


FEאFEאFKE

F٣J٦E
אF٣J٢Eאא،Ωk10١٥ V،

אאΩk12؟








F٣J٢EאאאF٣J٦E

١٥V 

I

Ωk10

+ V 

Ωk12

+

−

-
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א
אאאאW

mA 5.1
10
15

10*10
15

R
VI

43
====  

אאאΩk12W

R*IV =  

V1210*12*10*5.1    33 == −  

אאΩk12V=١٢ V K



אSummary

• אאאא،W
ondsec

JouleWatt =K 

• אK 
• אאאא

אK 
• אאאאאאאK 
• אאאK 
• אאאאאאopen circuitK 
• אאאאא

K 
• אxAmpere. HourK 
• אx١١K 







אא ١٤٠ א א 

אא -١  
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אא
١–אאאs

j350؟
٢–אאj7500h5؟
٣–אאאj1000ms500
٤–אאאkw

FEw1000FEw3750
FEw50000FEw500


٥–אF610*5אxEאxK
٦–אאאV75A2א

אLR؟
٧–V120אA3אא

؟א
٨–אאאΩk10A100µ؟


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אאאאאאאאאאאא

אאא
Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé× 

אאאא 



א

א
א


א

א





א


٤
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אאאאא


،אאאאאW
• אאאאK 
• אאאK 
• אאאK 
• אאאאK 
• אאאK 
• אאאאK 
• אאאאאאK 
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٤J١ Introduction 
،אאאאאא

אא،אאאאאא
K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א

אאKאאאאאא
אK

٤J٢ אאאSeries Connection 

א،אאאאא
אא،אאאא،אא

אK،אא
אאאאK
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٤J٢J١ אTotal Resistance (RT) 
אאאאאאW

n321T RRRRR ++++= KF٤J١E 
F٤J١E

אאאאאא
אW








F٤J٢EאאאF٤J١E
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אאאאאאא
 

Ω+Ω+Ω+Ω+Ω= 6.5102710056R T 

Ω= 6.198      
Ω=∴ 6.198R   T 

F٤J٢E
אאאאKאאא

Ω22K

א
אאאאאאא

nRR T =Q          F٤J٢E
Ω==∴ 17622*8R T 

WnאK
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٤J٣ אאאOhm's Law in Series Circuits  
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אK
F٤J٣E

אאאאאΩk6.12،
אVoltage DropאΩk9.3אאאW
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





F٤J٣EאאאF٤J٣E

א
אאאאR١، R٢א،אI

אאאW

mA59.1
10*6.12

20
R
VI 3

T

S === 

V19.610*9.3*10*59.1R*IV 33
3 === −

∴אאR٣١٩}٦ V

F٤J٤E
אא،אאVsK

א  VsאFuse mA5K
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_
?V =

+
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

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אאW

( ) ( ) V110*10*1K1mA1IRV 33
11 ==Ω⋅== − 

V1V1 =∴ 

( ) ( ) V3.310*3.3mA1IRV 3
22 =⋅== 

V3.3V 2 =∴ 
( ) ( ) V7.410*7.4*10*110*7.4mA1IRV 333

33 ==Ω⋅== 
V7.4V3 =∴ 

אVSRTK

Ω=++=∴ K97.43.31R T 

V910*9*10*1V 33
S == −

V٣  ،V٢ ،V١VSW
V9VVVV 321S =++=

אFKirchhoff’s Voltage LawE
אFEאVSא

אאאK 
NoteW

FKVLEאאאK
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+
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אאאVoltage Drops
אאא?

אאVoltage Dropsאאאא
،אאאאא

אאאKאא
אאאאK
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



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א
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F٤J١٠E
אאאאאאא،אאmA200I =א،

א1R،2R،3R4R؟










F٤J١١EאאאF٤J١٠E

א
אאOhm’s Law 

Kirchhoff's Voltage LawK
אVoltage Drops
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٤J٦  Kirchhoff's Current Law (KCL)  
אW

?FNodeEאאאאאאאאא
אאאא?
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





F٤J١٢Eאאא

W

321 III +=
אKCLאW

?אאאאNodeאאאא?
אאאאW

0III 321 =−− 

KCLאאאאאאא
אאא،אאNodsאאא

KCLאאאאאאאKא
אK

٤J٧ אVoltage Divider  
אאא،אאאאא

אאאאאאאאVoltage Dividers
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Wאאאא
IVP     )1 ST = 
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F٤J١٣E
אאאאאW

 
 
 
 
 
 
 
 
 

F٤J١٧EאאאF٤J١٣E

א
אאK

Ω=+++= 10622561810R T 

אאאאF٣EאW
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W12.2PT =∴ 

 R١٨ = ٢ Ω 

R٥٦ = ٣ Ω 

R٢٢ = ٤ Ω

VS = ١٥ V 
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F٤J١٤E
אאאאאא٥}٠ W،

אאא؟








F٤J١٨EאאאF٤J١٤E
א

אא

4321T RRRRR +++=

Ω=+++= k91.73.391.07.21R T
Ω= k91.7R T 


אאאאא
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אW
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( ) ( ) W762.0
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762mW762k3.3mA2.15RIP 2
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R١ = ١kΩ R٢٫٧ = ٢kΩ

R٩١٠ = ٣Ω 

R٤ = ٣٫٣kΩ
VS = ١٢٠ V
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אא2R،4Rאא
mW2.15،אאW

W2
1W62.0P2 >= 

W2
1W762.0P4 >= 

אאא١wאK

٤J٩ אVoltage With Respect to Ground  
אאאFאE

Reference Point.אאאא،אK
אאא١٠٠Vא،

אא١٠٠אVאאאCircuit GroundK
אאאאאא

אאאאGround،א
F٤J١٩KE
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








F٤J١٩Eאא
Note

אאa
F٤J١٥E

،אאאאא
אאVoltage Dropped ٢٥ VK
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
 
 
 
 
 
 
 
 
 

(c) 
F٤J٢٠E(c)אאאF٤J١٥E

א
אאW

אאFaEא،אאאאא
אaVא،אaא،aV

אaאאaאK
אאFaEאאאאאW

0Ve = 
V25Vd += 
V50Vc += 
V75Vb += 
V100Va += 

אאFb EאdאאW

V25Ve −=

V0Vd =

V25Vc +=

50Vb +=

−

+
V100

−+          C

−

+

+−           

b
a

c

de
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V75Va +=
אאFcEא،cאא،W

V50Ve −=

V25Vd −=

V0Vc =

V25Vb +=
V50Va += 

אאאאאא
אאאaא،

אK
אאW

אאאaאאb،c،d،←eK
،אאאאאאH،JK

אאFaEAVW
V100VV Sa == 
V7525100Vb +=−= 
V502525100Vc +=−−= 
V25252525100Vd +=−−−= 

אeא

edcbse VVVVVV ++++= 
025252525100Ve =−−−−= 
0Ve =∴ 

Note 
אאאאW
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١E אאWאאאאא
אאאאאא
אאFאאKE

٢E אאWאאא
א،אאאאאא

אאאאא
א1RW

1sb IRVV −= 

אאאאa،b،cK

٤J١٠ אאTroubleshooting  
א،אאאאW

F١EאאאאאOpen Circuit       K
F٢EאאאאאShort CircuitK 

אאא،אאא
אאאאא

אאOpen Circuitאאאאאאא،
KאאאאאאאW

١K אאאא


0IRV == 
אאאאא

אK
٢K אאCheek For Burned Resistor 
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אאאאאאK 
 אאK 
 אאאאאאאK 
 אאאאK 
 אGroundאאאאK 
 אאNegative GroundאK 
 אאPositive Groundאאאאא

K 
 אאאאOpen circuitאאאאא

אK
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אאא


١K אאאאאB,AK 













 
٢K אאא،אאאאV12

אאΩ120 
٣K אאאאאאmA5א،א

 אאא؟









A

1R

2R

A

A

mA5

−

+

SV

R٣

A

B

R١

R٢ 

R٣ 

A B 

R١ R٢ R٣

A

B R٢ 

R٣
R١

R٤ 

R٥
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
٤K אאTRאאאW 

FEΩ500،Ω1000
FEΩ47،Ω56
FEΩk5.1،Ωk2.2،Ωk10

FEΩM1،Ωk470،Ωk1،ΩM2.2


٥K א؟אאאאא 




















Ω=10R 2

Ω= k6.25R1

Ω= k2.2R 3

)a(

Ω= 10R 2

Ω=12R 3

Ω=1R 4

)b(

Ω= 7.4R1

)c(

Ω= M1R1

Ω= M1R 1

Ω= M6.5R3

Ω= M10R 5

Ω= k560R 2
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٦K אאאאאmA100א،
 אא؟

 
 
 
 
 
 
 
 
 
٧K אאא א1אRmA25א،2RV25،

2R؟
 
 
 

 
 
 
 
 
 
 

٨K אאאV48VS =א،Ω= 10R1،
Ω= 96R2،Ω== 47RR  ؛אא؟43

 
٩K אאΩ= k7.4R1،Ω= k6.5R 2אV24VS =،

 א؟


١٠K אאאאאאאאא،
SV؟W

Ω=100R1، Ω= 56R 2، Ω= 330R 3، 

Ω= 45R1

Ω=15R 2

Ω= 90R3

+

−

SV

A

V

1R

2R

3R
+

−

SV

A
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Ω= 220R 4، Ω= 47R 5 & V124.1V5 = 











١١K אאאV15VS =אא1RV69.4V1 =،
2RΩ= k5.1R1؟ 

 
V69.4V,k5.1R 11 =Ω=









١٢K אאאאאאאאmA43.1I =
V15VS =אא،21 V2V =،

32 V2V =،1R،2R،3R؟ 
 

١٣K ؟א،אאאאאא 

−
=

+
V15VS

1R 2R

V

SV

1R 2R

5R

3R

4R

I

V
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Ω= K15R1، Ω= K10R 2،  

Ω= K8.6R 3، Ω= K2.2R 4 




 







١٤K אאאאאא
1SV

אאa؟אא،

١٥K אאא،אאא1RV16.2W 

FV16.2V1 =Eא،3VFא3אRE،KW

Ω= 390R1 ، Ω= K1R 2، Ω= 560R 3 & Ω= K220R 4 











V24V 1S =

1Ra 2R

3R

4R
V12V 2S =

1SV

Ω= 390R1A
Ω= k1R 2

Ω= 560R 3

Ω= 220R 4

2SV

I
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١٦K אאאF١٥EאV15V
1S =،

2SVא
א1אRV77.3FWV77.3V1 =KE 


١٧K א

2SVאא1Rאא
2RFאאF١٥EEא

2SVאאא
F١٦Eאא،1V،2V،3V،4Vא؟אא 

١٨K אאאאאאא
FאEאאאאאD,C,B,A

؟W
Ω=Ω=Ω=Ω= k15R&k47R,k22R,k12R 4321














١٩K אאאאΩ560אאא
אאΩ= 27R؟ 

 
٢٠K אאB,AאאאW 



1R

3R

2R

−

+

1V

−
=

+
V48VS

4R

a

b

cd
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












 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

−

+
V12

A

Ω100

Ω56

B

Ωk3.3

Ωk1

Ωk2.2

−

+
V8

A

B

b
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JJ١١  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

א
א


א

א





א

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אאאא


،אאאאאW
• אאאK 
• אאאאאK 
• אאאK 
• אאאאאK 
• אאאK 
• אK 
• אאאאאאK 



א١٤٠ א א א 

אאאאאא -١  
 
 

- ٦٨ - 

٥J١Introduction  
 א،אאאאאא،א

אאVoltage DropKאאאא
Voltage DividerK

אא،אאאאאאאא
אא،א،

אאאKאאא
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אאאParallel Circuit

אאאFEא
אאFאEאאFאE

אאK،אאא
אKאאאF٥J١E

אאאK








 
 





F٥J١JEאאאK

I

2R

A

1R

2I1I

B

I

2R

A

1R

2I1I

B

2R

A

1R

2I1I

B

I

2R

A
1R

B

1I

2I

I



א١٤٠ א א א 

אאאאאא -١  
 
 

- ٦٩ - 


 
 
 
 
 
 
 
 
 

F٥J١JEאאאK

٥J٢אאאאאVoltage Drop in Parallel Circuit 
אאאאאאאאאא

אאא
אאאאKאאאK

F٥J١E
אאF٥J٢E









F٥J٢EאאאF٥J١KE
א

אאאאא
אאאW

V25VVVVVV S54321 ======
 

Ω
=

k1
R 2

FΩ
=

k8.1
R1

Ω
=
k2.2

R 3

Ω
=

k2.2
R 4

Ω
=

k3.3
R 5

V25
VS =

2R

A

1R

2I

1I

B

I
2R

A

1R

B

3R

1I 2II

I٢



א١٤٠ א א א 

אאאאאא -١  
 
 

- ٧٠ - 

٥J٣Kirchhoff’s Current Law
אאאאא

NodeאאאאאאאK
אאאאK

F٥J٢E
אאאאאF٥J٣E،

אאאאאAK








F٥J٣EאאאF٥J٢KE

א
אאאAאאmA5אא1R א

mA12אא2RאאאAW

21T III +=  

mA17mA12mA5     =+=  

mA17IT =∴  



2R1R

mA12I2 =mA5I1 =TI

TI

A

B

−

+

SV



א١٤٠ א א א 

אאאאאא -١  
 
 

- ٧١ - 

F٥J٣E
אאא2RאF٥J٤KE














F٥J٤EאאאF٥J٣KE

א
אאאאאATI

321T IIII ++=  

mA20ImA30mA100  2 ++=∴  

mA50mA50mA100I  2 =−=∴  

F٥J٤E
21אאאא A,Aא

אW








F٥J٥EאאאF٥J٤KE

2R1R
2I

mA30I1 =

mA100IT =

TI

A

B

−

+

SV 3R

mA20I3 =

2R1R

A1I2 =A5.1I1 =
TI

x

−

+

SV
3R

3IA5 y
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א 
אאאאאxA5W

1AIA5.1A5 +=  

W1AIאאא1AK
A5.35.15I 1A =−=∴  

אאyאאאA5.3K

2AIA1A5.3 +=∴  
A5.215.3I 2A =−=∴  

∴אאאW
A5.3I 1A =  
A5.2I 2A =  

٥J٤אאאאאTotal Parallel Resistors
WאאTRאא

אאאאא
אאאאאאאאאK












F٥J٦Eאא21 R,R 
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1R

2I
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−+   V  S
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אאא21א R,Rאא،אא
FאאETRאW

א،W

21T III +=           F٥J١E  

אאאאW

2

S

1

S

T

S

R
V

R
V

R
V

+=          F٥J٢E  

אאאSVK

21T R
1

R
1

R
1

+=          F٥J٣E  

אF٥J٣Eאאאאאא
،אאאאא

אאW

21

21

T RR
RR

R
1

∗
+

=           F٥J٤E  

W

21

21
T RR

RRR
+
∗

=           F٥J٥E  

TR אאאK
WTRאא 
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












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W
321T IIII ++=           F٥J٦E  

אW
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S
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S
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R
V

R
V

R
V

R
V

++=          F٥J٧E  

SVאW

321T R
1

R
1

R
1

R
1

++=          F٥J٨E  

W

323121

321
T RRRRRR

RRRR
++
∗∗

=        F٥J٩E  

אאTRאאאא
אK
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2I

1I
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−+   V  S
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אאאTRאא
אאW

)
R
1()

R
1()

R
1()

R
1(

1R

n321

T
++++

=
K

    F٥J١٠E  

F٥J٥E
WאאB,AאTRאאא


 







F٥J٨EאאאF٥J٥KE

א
אאאF٥J٩EW

323121

321
T RRRRRR

RRRR
++
∗∗

=  



Ω=
∗+∗+∗

∗∗
= 13

22472210047100
2247100RT  

٥J٤J١אאאא 
אא،אאאאא

W

RRRRR n321 ===== KQ      F٥J١١E  

Ω= 47R 2Ω=100R1

A
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n
1R T =∴         F٥J١٢E  
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RR  or T =         F٥J١٣E  

WRאאאאאK

אא،א
אאאK

F٥J٦E
Ω8אאאאTRK

 
א

אאW

Ω=== 2
4
8

n
RRT  

٥J٥אאאDetermining an unknown Parallel Resistor
،אא
אאאאאאאאא

אKאאאאא،א
אאאאTRאאא

אאאאאאFF٥J٥WEE

21

21
T RR

RRR
+

=  

אאARאXRא
אW 
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








F٥J٩EאK

אאאאאאאXR
W

XA

XA
T RR

RR
R

+
=       F٥J١٤E  

XAXAT RR)RR(R =+      F٥J١٥E  

XAXTAT RRRRRR =+      F٥J١٦E  

)RR(RR TAAT −=       F٥J١٧E  

TA

AT
X RR

RR
R 

−
=∴       F٥J١٨E  

F٥J٧E
אאΩ150אאא

אΩ330Kאאא؟






 
F٥J١٠EאאאF٥J٧KE

XR

AR

TR

XR

Ω= 330RA
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א
אאאאאאΩ330א

אאאאאW

XA

XA
T RR

RR
R

+
=  

X

X

R330
R330

150
+

=  

XX R330)R330(150 =+  

XX R150R330330*150 −=  

Ω==∴ 275
180

330*150R X  

F٥J٨E
אאאאאF٥J١١KE








F٥J١١EאאאF٥J٨KE

א
אא،אאאאTR

W

323121
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T RRRRRR

RRR
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++
∗∗

=  

Ω= 560R 2Ω= 220R1

−

+

SV Ω= k1R 3

mA10
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Ω=
∗+∗+∗

∗∗
= 136

10005601000220560220
1000560220R T  

V36.1136*mA10R*IV  TT =Ω==∴  

F٥J٩E 
אאאΩ= 680R3אΩk1א،

mA10IT =K

א
אאאאTRW

323121

321
T RRRRRR

RRR
R

++
∗∗

=  

Ω=
∗+∗+∗

∗∗
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680560680220560220
680560220R T  

V28.1128*mA10R*IV  TT =Ω==∴  

٥J٦FEאאאאCurrent Division in Parallel Circuits
אאאאTR،אאאא
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
F٦Eאאאאא
FEאאFE
FEFE
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F٧EאאאA5א،A3K
אאאW

FEA2FE
FE   A8FEאK


F٨EאאΩΩΩ 820,560,390א،אאא


FEΩ390FEΩ560
FEΩ820FEאK


F٩Eאאאאא
FEFEא
FEאאFEאFEFE


F١٠EאאאאאW
FEאאאאא
FEאאאא
FEאאאאFאאאE

FEאK


F١١EאאאאW1אאא،W
FEW1FEW4
FEW25.0FEW16


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JJ١١  

אאא
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אאאא


،אאאאאW
• אאאK 
• אאאK 
• אאאאK 
• אאאאK 
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٦J١ 
אאאאאאאאאא،
אאאאאאאאאאאאא

אאאא،אאאא
אאאאK

אאא–אאWאא،אאא
אאF٦J١Eאאא–אאK

٦J٢ אא–אא
F٦J١E

אאאאאאאF٦J١KE









F٦J١EאאאF٦J١KE

א
אא71א R,Rאאאאאא
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F٦J١٢E
אאאאF٦J١٧KE




 
 
 


 
 


F٦J١٧EאאאF٦J١٢KE

א 
    אאאאאאאא

אאאKאאאאאאאא
W

Ld R,RאאLd R//RK
אאאCRLdC R//RR +

אא–אאאאאbRא


[ ])R//R(R//R LdCb +
אאאאאאaRא،

אאאW
[ ])R//R(R//RRR LdCbaT ++=



TI

SV
bR

aR

cR

dR LR

A B
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אאTRאאא W












F٦J١٨EאאאF٦J١٢KE

אאאאW

Ta II = 

CbT III += 

LdC III +=
אDאאאאאאאא

אTIW

LdbT IIII ++=

٦J٥ אאאאא
אאאאאאאאאK

אאאא–אאKאאאא
אאאאאא

aR

bR
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+

SV LRdR
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F٦J١٣EאאאK

F٦J١٣E
אאאF٦J١٨E؟א،W

V5V,V8V,V8V,V12V 4321 ====








F٦J١٩EאאאF٦J١٢KE
א

אאאאאSV
W

421S VVVV ++= 

25V5812    =++= 
F٦J١٤E

אאאאF٦J٢٠KE


 
 
 
 
 



1R

2R 3R

−

+

SV

4R

Ω=100R 2

Ω= 50R1

Ω= 50R3

Ω=100R 4

Ω= 50R5

Ω=100R 6 Ω=100R 7
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א

76 R//RQ 

Ω=
+

=∴ 50
100100
100*100R 7,6

5Rאא7,6RאW

Ω=+=+ 1005050RR 7,65 

Ω==+ 50100//100)R//RR//(R 7654

אאאא3RאאK

Ω=+=++ 1005050)R//RR//(RR 76543
אאאא2אR،W

[ ] Ω=
+

=++ 50
100100
100*100)R//RR//(RR//R 765432

אאאאא1RאTR

Ω=+= 1005050RT
F٦J١٥E
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FE21 R,RFEא



1R 2R

3R 4R 5R BA



א١٤٠ א א א 

אאא -١  
 
 

- ١١٥ - 
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א،אאאאΩk2.2אא،

אאΩk1٦V،


 
 
 
 




אאאΩk2.2:
FE٦VFE٣V
FE١٢V                        FE٢}١٣V


٥–אאאΩΩ 470,330אאא،

Ωk1KאאאV100
אאאW








 
 
 
 

Ωk1

V6V1 =

Ωk2.2

Ωk1

Ω330

V100

Ω470

Ωk1

Ωk1

Ωk1

Ωk1
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אאW
FEΩk1FEΩ330FEΩ470                        


٦JאאאאF٥Eא،
FEΩk1FEΩ330FEΩ470                       


٧JאאאאF٥Eאאאא،א
Ωk1W
FE١٠٠٪FE ٢٥٪FE٥٠٪            FE ٣}٣١٪   


٨Jאאא٩VאFא

אאEאאאאאאא،W
FEFE FEא        FE    


٩JאΩk10F

אאEאW


−

+

2V

Ωk10

output
Ωk10
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FEΩk20FEΩk100        FEΩk10

١٠JאאאאאאW
FEFE FE  FEאא  


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אא


١KאאאאאאאאW
























 

Ω= 56R1

Ω=100R 2 Ω=100R 3

−
=

+
V5.1VS

Ω= 27R4

)(a

Ω= k2.6R2

Ω= k3.3R3

Ω= k1R1
−

+
V5

Ω= k10R4

Ω= k6.5R5

)(c

Ω680
R2

−
=

+
V3VS

Ω180
R4

Ω330
R3

Ω680
R1

)(b
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٢Kאאאא١אאאK


٣Kאאאאאא،אא
אאאאא





 
 
 
 
 
٤KאאאאW 

  


 
 
 
 
 
 
 
 
٥Jאא)B,A(אאW



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+
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Ω= k1R2

Ω= k1R1

+

−
V1 Ω= k2.2R 3

Ω= k3.3R 4

−

+
V100

Ωk10

Ωk8.1

Ωk7.4

Ωk1

Ωk1

Ωk6.5

A B

C

D

E

F
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٦JאאW



 
 
 
 
 





٧Jאאאאאאא
אאNo LoadFא)B,A(KEאΩ= k10RLא،

אאאאK





 
 
 
 
 
 


٨JאאW
FEאאאTR
FEאאאאTI
FEאאΩ910
FEאB,ABA V,VK
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−

+
V40

1R
 

5R 6R

W20P =

3R

V20

7R

8R

4R

2R

W2P =

V5
V1
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Ω= k10R1

Ω= k6.5R 2

Ω= k7.2R 3

LR

−

+
V22 A

B
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





 
 
 
 
٩JאאאLadder NetworkW
FEאאTR
FEאאA،AV

אאB،BV





 
 


 

١٠JאאאאB,Aאאאא
אW

−

+
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


 
 





١١Jאאאאא١٠אא

אאB,A١٠V،V10VS ؟=


١٢Jאאאא،אא
אאאW

Ω=Ω=Ω=Ω=Ω= k5R,k15R,k60R,k20R,k10R 54321



 
 
 
 
 


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+
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אאאאאא

 

JJ١١  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

א
א
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
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אאאא


،אאאאאW
• אאאאאאK 
• 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K 
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٧J١ Introduction  
אאאאאא

אK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FJ٢KE
א،אאאאאא

K

٧J٢ אאאא 
אאאVoltage Source

Current Sourceאאאאאאאא،K
٧J٢J١ אא     Constant Voltage Source  
 אאאאא

אאSRאאאא
F٧J١KE







F٧J١E

אאIdeal Voltage Source،SR
אאW
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٧J٢J٢ Constant Current Source 
אאאאאאSR

אאאאא
،F٧J٢KE







F٧J٢JE








F٧J٢JE

אאIdeal Current Source،SR
אאW

LS RR 〉〉           F٧J٢E �

אאאאאאא
אאK

٧J٢J٣ אSource Conversions "    ? 
א،אאא

אF٧J٣EאK
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







F٧J٣EK


אאאLIW
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=           F٧J٣E �

אאאאאאLIKW

S
LS

S
L i

RR
RI ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

=          F٧J٤E �

אאF٧J٣EF٧J٤EW

SSS iRV ⋅=           F٧J٥E �

−

+

SV
SR

LR

Li
A

B

Si I SR LR

Li

A

B

≡



אא ١٤٠ א א 

אאא -١  
 
 

- ١٢٧ - 

F٧J١E
אאאאW

Ω= K1R)c( LΩ= 560R)b( LΩ= 100R)a( L 
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F٧J٤EאאאF٧J١KE
א
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אאאאאLI١٠٪SiLR
אSRאאאאK
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F٧J٢E
،אאאLRאmA750IL =K









F٧J٥EאאאF٧J٢KE

א
אאF٧J٣Eא،W
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אSR،SiאW
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F٧J٣E
אאאF٧J٦EאK
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



F٧J٦EאאאF٧J٣KE
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אאאF٧J٧E،W







F٧J٧EאאאF٧J٣KE
٧J٣ אSuperposition Theorem  

אאאאא?א?
אא

K
אאאאאאW

אאאאאאאאא،
אאאאאא

אאאW

♦ אא،אאSRאא
אאShort CircuitK

♦ אא،אאSR،אא
אאOpen-Circuit

אאאF٧J٨Eאאאא،
K
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







F٧J٨EאK


אאאאabF3אREאאאא

אF٧J٩Eאא،1I،
2Iאאאאאאאאאab،א

אאאאאאאabא
אK










F٧J٩EאאאK
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אאאאאאThRאאא
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٣E FאEThVאאThR
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WאאאComplex CircuitK
אאאאאOutputא

אא،אאW
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אThVK 
٢E אאאאאFאאEאא

ThRאאK 
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א
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Th
CD RR

VI
+

=∴  

mA5.3
100027.529

32.5ICD =
+

=  

∴אאאCD٥}٣ mA

٧J٥ א–אJ
٧J٥J١ אאאאF∆←YE 
"Star Delta FromConversion" → 

אאאאאאא،
א∆←YאF٧J٣٢KE

 






 
 


F٧J٣٢E ∆↔YK

V32.5VTh =

Ω= 27.529RTh

Ω= k1R LI
 

C

D

≡

C

3R

1R

2R

A 

B 

O 

CR AR

BR

A

B C
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א∆A،B،Ca،b،cK
אY١،٢،٣K
א(Y←∆)" Conversion From (Y←∆)"  

אYאא∆F٧J٣٣E،
אK


 
 
 
 
 
 








F٧J٣٣Eאאא

אאאWY=א
א∆אא∆KW

CBA

CA
1 RRR

RRR
++

=         F٧J٩E  

CBA

CB
2 RRR

RRR
++

=         F٧J١٠E  

CBA

AC
3 RRR

RRR
++

=         F٧J١١E  

BR

3R

1R

2R

A

B C

O

ARCR
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٧J٥J٢ אאאFY←∆E 
אאאW

2

31
31A R

RRRRR ++=       F٧J١٢E  

1

32
32B R

RRRRR ++=       F٧J١٣E  

3

21
21C R

RRRRR ++=       F٧J١٤E  

אא∆אYא
אאאאאאאK

F٧J١٠E
א∆אF٧J٣٤EאYאK

 




 
 
 
 

F٧J٣٤EאF٧J١٠KE

א
אYאא∆F٧J٣٥E،

א∆←YK

Ω100

Ω560Ω220

A

B C
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













F٧J٣٥EאאאF٧J١٠EK

אאאאאF٧J٩EJF٧J١١E،
W

Ω=
++

= 25
560220100

220*100R1  

Ω=
++

= 6.63
560220100

560*100R 2  

Ω=
++

= 140
560220100

560*220R3  

Ω100

Ω560

Ω220

3R

1R

2R

A

B C

O
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אאF٧J٣٦KE







 
 


F٧J٣٦EאאאF٧J١٠KE

F٧J١١E

אY←∆אאF٧J٣٧KE








F٧J٣٧EאF٧J١١KE

Ω=140R 3

Ω= 25R1

Ω= 5.63R 2

A

B C

O

Ω= k6.5R 3

Ω= k1R1

Ω= k2.2R 2

A 

B C 

O
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א
א∆אY،F٧J٣٨E،

אY←∆K







 
 
 

F٧J٣٨EאאאF٧J١٢KE


א∆=אאאYHא
YאK
אאF٧J١٢EJF٧J١٤E،W

Ω=++= K15.9
2.2

6.5*16.51R A  

Ω=++= K59.3
6.5

2.2*12.21R B  

Ω=++= K12.20
1

6.5*2.26.52.2R C  

BR

CR

AR

Ωk6.5

Ωk1

Ωk2.2

A

B C
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٧J٥J٣ אאא∆←YY←∆אאK 
 

F٧J١٢E
אאאLRאאאF٧J٣٩Eא،

Y→∆K










F٧J٣٩EאאאF٧J١٢KE

א
אאא∆אאאA،C،D

א∆אאאB،C،DאYא
אא∆אאאB،C،Dא

אאYF٧J٤٠KE



 
 
 
 
 
 

F٧J٤٠EאאאF٧J١٢KE

V120VS =

Ω= k9.3R 2Ω= k7.4R1

Ω= k2.2R 3 Ω= k7.2R 4

C

A

B

D
Ωk18

Ω= k2.2R 3 Ω= k7.2R 4

C

B

D
Ωk18

o 

B 

C DR١ R٢ 

R٣
≡
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1R،2R،3RW

Ω=
++

= K73.1
187.22.2

2.2*18R1  

Ω=
++

= K12.2
187.22.2

18*7.2R 2  

Ω=
++

= K26.0
187.22.2

7.2*2.2R3  

אאאא1R،2R،3R
F٧J٤١WE














F٧J٤١EאאאאאK


אאאאF٧J٤٢WE

Ωk26.0

Ωk12.2Ωk73.1

V120VS =

Ω= k9.3R 2Ω= k7.4R1

C

A

B

D

o
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










F٧J٤٢EאF٧J٤١KE

אאאא∆אΥאא
אאאאאאאאא

אאW
WTRאK

WאאTIK
W1I،2IאאK

אWאאCCVK
WאאDDVK
WאאאC،DK

DCCD VVV −=  
WאאCDאאCDVLRK

L

CD
CD R

VI =∴  

אאאW

( ) ( )
( ) ( ) Ω≈+

+++
+⋅+

= K37.326.0
12.29.373.17.4
12.29.373.17.4

R T  

Ωk7.4

Ωk12.2

Ωk9.3

Ωk73.1−

+
V120

1I 2I

Ωk26.0

A

B

C D 



אא ١٤٠ א א 

אאא -١  
 
 

- ١٥٧ - 

Ω=∴ K37.3R T  

mA6.35
37.3

120IT ≈≈  

אאW

( )
( ) ( )73.17.412.29.3

12.29.3*II T1 +++
+

=  

mA2.17I1 =∴  

mA38.18I2 =  

V18.39VC ≈  

V32.48VD =  

אאC،DK

DCCD VVV −=∴  

V14.932.4818.39VCD −=−=  

WאFJEאאDאאC
CD VV 〉אאCDIK

mA507.0
K18

V14.9ICD =
Ω

=∴  

٧J٦ אאאאאאFאאKE
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אאאא

אאאאא،אא
אאK
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Meshאאא
אאאF٧J٤٣Eאא،a،bאK

K








F٧J٤٣EאאאאאאאK


אאאאאאW
F١E אאאאMeshK
F٢E אא Meshes אKCL

אאK 
F٣E אKVLאאאK 
F٤E אאאאאאK 
F٥E אאאאאMeshes. 
F٦E אאאאאK 

3R

4R5R

a b

a b

c

d 

e 

R١ R٢

V١ V٢
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F٧J١٣E
אאאאאאאאאא

אF٧J٤٤KE








F٧J٤٤EאאאF٧J١٣KE


אWאאאאאאאא
،אאK

אאאאאא
1I،2I،3Iאאא1I،2I،3I،4I،5IK

4I،5IאאאFbE

215 III −=         (a) 

324 III −=         (b) 

א1אI،2I،3Iאאא
אK

אאאאאאא
אK


אאWאאF١EMesh 


51 I20I1010 +=        (c)  

V10
Ω10

Ω20

Ω30 Ω20
V15V20

a b d

c

f

1I 2I 3I

5I

1I
3I

Ω10

4I
2I
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5IFaE21 II +
KW5I1I،2I

211 I20I20I1010 −+=∴        

21 I20I3010 −=        (d) 

FdEK


אאWאאF٢EMesh 
452 I10I20I3020 −+=       (e) 

א4I،5IFeEW
( ) ( )32212 II10II20I3020 −−−+−=      

32212 I10I10I20I20I3020 +−−+−=      

321 I10I60I2020 +−=       (f) 


אWאאF٣EMesh 
43 I10I2015 +−=        (g) 

4IFbEW
( )323 II10I2015 −+−=        

323 I10I10I2015 −+−=        

23 I10I3015 +−=        (h) 
אFdE،FfE،FhE1I،2I،3Iא

Wאאא
( ) 321 I0I20I3010 −−=       (I) 

321 I10I60I2020 −+−=−       (II) 
( ) 321 I30I10I015 +−=−       (III) 

אא(III, II, I)W

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
אאFIVEW

[ ] [ ] [ ]IRV ⋅=         F٧J١٥E  

Jא[ ]Iאאאאא،K
Jא[ ]VWאאאF١EMesh،F٢EMesh،F٣EMesh

א،אאאאא
אאאאאאK

Jא[ ]RWאאאאW
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⎢
⎢
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⎡
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333231

232221

131211

RRR
RRR
RRR

R       F٨J١٦E  


אא11R،22R،33Rאאא

،אW
11RאאF١EMeshK
22RאאF٢EMeshK
33RאאF٣EMeshK


אאאא12R

אאF١EMesh،F٢EMeshKא23RאאאF٢E
Meshא،F٣EMesh،אאאאK

אF١EMeshאF٣EMeshאאא
R١٣אK
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1I،2I،3IK

אאא
١EאW

333231

232221

131211

RRR
RRR
RRR

=∆       F٧J١٧E  

∆אK
אאאW

{ } { } { }223132211323313321122332332211 RRRRRRRRRRRRRRR −+−−−=∆  

אאא∆K
א1IW

33323

23222

13121

1

RRV
RRV
RRV

1I
∆

=       F٧J١٨E  

א2IW

33331

23221

13111

2

RVR
RVR
RVR

1I
∆

=       F٧J١٩E  

א3IW

33231

22221

11211

3

VRR
VRR
VRR

1I
∆

=       F٧J٢٠E  

אא∆א1I،2I،3IאW
א∆W

30100
106020
02030

+−−
−+−
−−+

=∆  
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אW


( ) ( ) ( ) 390000030*20*)20()10(*)10(30*6030 =+−−−−−−−=∆ KK  
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301015
106020
02010

1I1

+−−
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−−+

∆
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A423.0I2 −=  

אאאאאK

W
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206020
102030

1I3
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∆
=  
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=−−
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אאאאאK

אאאא1I،2I،3I4I،5IW

A218.0III 324 =−=  

A47428.042300.005128.0III 215 =+=−=  

Wאאא
אאאאאK

א"Summary"
F١E KCLאאאאK
F٢E KVLאא

אK
F٣E K
F٤E אאאאK
F٥E אאאאאאאK
F٦E אאאאא

אאא،אא
אאאא

אאאאאK
F٧E אאאאאאאא

אאאK
F٨E אאאאאא

ThVאאThRאאאאK 


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אא


F١EV300VS =،Ω= 50RSK


F٢EאאאאאK







F٣EאאmA600iS =،Ω= K2.1RSK


F٤EאאאאK






F٥Eאאאאאא5RאאאK
 








I Ωk7.2A01.0 I Ωk7.4mA10

kV5
Ω100

V12
Ω2.2

V2

Ω= k1R1

Ω= k2.2R 2

Ω= k1R3

Ω= k1R 4

V3

5R
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F٦Eאאאאא3RאאW



 
 







F٧E אאאאLRK




 
 
 




F٨EאאאLRאא
 
 
 
 
 
 
 
 
 
 

Ω= 680R1 Ω= 220R 2

Ω= 330R3

V20

Ω= 470R 4mA100 I

V40
Ωk1 Ωk2.8

V60

Ω= k5.1R 5IA5.0

Ωk1

Ω560

V12VS =

Ω= k1RL

Ω= 820R 2

C

Ω= k1R1

Ω= k2.2R 3 Ω= k2.1R 4

A

B

D
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F٩EאABאאאW











 
 
 
 
 
 


 

 

−

+
V10

4R

BA

mA2.0I =

Ω=10R1 Ω= k15R 2

Ω= k12R 3



א١٤٠ א א א 

 -١  
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אאאא

١J١٢
١J٢אאא٢
١J٢J١אא٢
١J٢J٢אאאאאא٣
١J٣אאא٣
١J٣J١א٤
١J٣J٢א٤
١J٣J٣א٦
١J٣J٤א٧
١J٣J٥אא٧
١J٣J٦אא٩
١J٣J٧א١٠

אא١٢
אאW

אאאא١٤
٢J١١٥
٢J٢١٥
٢J٢J١FEא١٥
٢J٢J٢א١٦
٢J٢J٣١٨
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٢J٢J٣J١א١٨
٢J٢J٣J٢א١٩

אא٢١
אאWאא

אאאא٢٤
٣J١٢٥
٣J٢א٢٥
٣J٣אאאא٢٨

אא٣٢
אאאWאאאאאא

אאאאא٣٣
٤J١٣٤
٤J٢אאא٣٤
٤J٢J١אא٣٥
٤J٣אאא٣٦
٤J٤אאא٣٩
٤J٥ ٤١
٤J٦ ٤٤
٤J٧א٤٤
٤J٧J١אאא٤٦
٤J٨אאאא٤٩
٤J٩א٥٢
٤J١٠אא٥٦

אאא٦٠
אאWאאאאאא

אאאא٦٧
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٥J١٦٨
٥J٢אאאאא٦٩
٥J٣٧٠
٥J٤אאאאא٧٢
٥J٤J١אאאא٧٥
٥J٥אאא٧٦
٥J٦FEאאאא٧٩
٥J٧אאאא٨٦

אא٨٩
אאWאאא

אאאא٩١
٦J١٩٢
٦J٢אא–אא٩٢
٦Jא٣אא–אא٩٧
٦J٤אאאאא١٠١
٦J٥אאאאא١٠٨

אא١١٨
אאWאאא

אאאא١٢٣
٧J١١٢٤
٧J٢אאאא١٢٤
٧J٢J١אא     ١٢٤
٧J٢J٢١٢٨
٧J٢J٣א١٢٨
٧J٣א١٣٠
٧J٤١٣٦
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٧J٤J١אא١٤٤
٧J٥א–אJ١٤٨
٧J٥J١אאאאF∆←YE١٥٠
٧J٥J٢אאאFY←∆E١٥٠
٧J٥J٣אאא∆←YY←∆

אאK
١٥٤

٧J٦אאאאאאFא
אKE

١٥٧

אא١٦٥
אא١٦٨
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

אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 
 


