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1-1 
אאאא،א

אא،אאאאאאא
אאאK


1-2 אאאThe International System of Units 

אאאאא
אאאKאאאא

אKK
1-2-1 אאThe Measurement Units 

אאא،אא
אאW


אQuantity אUnit אSymbol 

אLengthMeter m

אMass אKilogram kg

אCurrent Ampere A

אTime Second s

אאTemperature Kelvin K

אLuminous Intensity Candle cd

F1-1EאאThe Measurement Units


אאTemperatureא Luminous IntensityאאאK
אאאאאאאאאאא

،אאאאForceNא
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א2s
kgKאאElectric PowerאWatt

W
s

NmKאאElectric Energy

אJoule JNmK
1-2-2 אאאאאא 

Power of ten units، prefixes، which attached to the measurement units
אאאאThe International System of Unitsאpower 

of tenאאאא،אא
אאW

א
Prefixes to the Units

א
Symbol 

א
Power of ten

Attoa18101 −×
Femto f15101 −×

Pico p12101 −×
Nano n9101 −×

Micro µ6101 −×
Milli m3101 −×
Centi c2101 −×
Deci d1101 −×
Deka da1101×
Hecto h2101×
Kilo k3101×
Mega M6101×

Giga G9101×
אTera T12101×

F1J2Eאאאאאא



אא  الك143 א 

אא -1  
 
 

 - 4 -

אאאThe Basic Electrical Quantities 
אאאאCharge،אCurrent،אVoltage،

אאאElectrical ResistanceKאא
אאאא،

אאAtomsKאאאElectronsFאJE،
אProtonsFאEHא،NeutronsFאKE

1-3-1 אCharge 
Qא،אElectronא

Proton،אאאאK،א
אK

،אאא
אאאא،אא

אCoulombאCK
1-3-2 אCurrent 

אאאאאI،
אאאאאאKא

אFאEאאCurrentKW

dt
dQI =         F1J1E  

אAmpereא،W

s
CA ≡         F1J2E  

WIאAK
QWאChargeCK
tWאtimesK

א،א
Electronsא،אאK
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אF1J1Eא 
אאאאאאא

אvoltage sourceא،אאאאא،
אKאאאאא

KאאאאW
1K Pure D.C. Current  

א،אאאF1J2KE

time (t)

C
ur

re
nt

 (I
)

 
אF1J2E

2K אאPulsating Current  
،אF1J1KE

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 )


אאF1J3EאאPulsating Current 

3K Alternating Current 
אאKאאsin wave

אאAlternating CurrentK

time ( t )

cu
rre

nt
 ( 

I )


אF1J4EAlternating Current 

1-3-3 אVoltage 
אא(Work)،אאVolt

אW

C
JV ≡         F1J3E  

W

dQ
dWV =        F1J4E  

W
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VWאVK
WWאJK
QWאChargeCK

1-3-4 אResistance 
אאאא،אאא

אא،אאElectric PowerאאאאK
אא،אאאאאOhmKא

אא،אאOhmΩ،
،אאאאאאאא

אאאאא،א
אאאאאKא

אאאאאאאא،
אאW

Resistance (R)

C
ur

re
nt

 (I
)


אF1J5Eאאא

 

1-3-5 אאResistance of a wire 
אWiresאW

1K אLength،LK
2K אCross-section Area،AK 
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3K אFאאEMaterial،ρ،Kא
K 

4K אאTemperature،TK 
אאאW

A
L.R ρ

=         F1J5E  

W
RWאResistanceΩK
ρWאאm.ΩK
LWאLength،m
AWאCross-section Areaא،2mK

F1J1E
אא5 mmא،5 mKא

אC20oאא،m10*72.1 8Ω−  

א

אRאF1J7E،W

A
L.R ρ

=  
  

Ω=Ω×=

⎟⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜
⎜

⎝

⎛

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ×
π

×Ω×= −

−

− m38.41038.4

m
2
105

m5
m1072.1R 3

2
23

8  
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אאTypes of Resistors 
אW

1K אאWOpto-photo-Resistorsאאא
،א،א

אאK 
2K אאאWThermal-Resistors،אאא

אאKאאאאאאאK
אאא

1

10

100

1000

10000

0 40 80 120 160 180 200
درجة مئوية

وم
أ


אF1J6Eאאאאאא


אאאאאא

אאאK
3K אאאVoltage Dependent ResistorsWא

VDRאאא،K 
4K אאLinear ResistorsWאאאאW 

K אאWK
K אאWאאא

אאאKאאא
W 
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1EאPotentiometerWא
Voltage Divider،א123F1J7FEE،

אאאMega OhmK
2ERheostatWאאא

אKilo Ohm،
،אא،אא

אאאאא
אאאKאF1J7FEE








FEFE
אF1J7Eאא


KאאWאאאאאאאא

אא،אאK
אאאאאאK

1-3-6 אConductance
א،אאאא

GSiemensאFEAmpere per Volt،
אW

R
1G =         F1J6E  

SiemensK

3 

+

-

1

2
+

-
V23

V13
1

2
3
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W


G
1R =         F1J7E  

.Ohm


אGאאK

1-4 Ohm’s Law

אאאFundamental Lawאאא
،אאאK

אאאא
אא،אאK

אאאאאא
אאאאK

אאאאאאאGeorge Simon Ohm
Ohm’s Law1826Kאאא

א،אאאא،אאא
אא،אאאW 
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אאא،אאא
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I R

+ − 
V

I 
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Slope = R
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1-4-1 Current Formula 
אאאא

R
VI  , 

R
EI

T
==        F1J8E                                               

WIאAK
EאVoltage SourceVK

VאאVoltage Drop،VK



F1J2E
אΩ100،א50V،

אאא؟







אF1J9EאאאF1J2E


א

אאW

A5.0
100
50

R
VI ===  

 
1-4-2 Resistance Formula 

אאאאKאא
אW

A
I 

V Ω100 V = 50 V 
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T
T I

ER , 
I
VR ==       F1J9E  

W
TRW،אאאΩK
IWאAK

TIWאאאאK
EWאVK
VWאאVK


F1J3E

א =150mVא،=A75µ،
א؟









אF1J10EאאאF1J3E
א

אW

Ω=Ω===
−

−
K210*2

10*75
10*150

I
VR 3

6

3
 



A
A75I µ=

V mV150

-

+
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NoteW

،אאאאא
אאK
F1J4E

אא א0.5 mAאא30VK
Kאאאא

א
אW

Ω=Ω===
−

k6010*60
10*5.0

30
I
ER 3

3
T

T  



F1J5E

אאאאאR110mAא،
א25 V؟אא، 

 


 
 
 
 





אF1J11EאאאF1J5E

א

Ω=Ω===
−

k5.210*5.2
10*10

25
I
VR 3

31  

V25V =

V 

A 
mA10I = 

1R
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1-4-3 Voltage Formula 

אאאאאK
אאאK

1-4-3-1 אVoltage Drop 

א،אאאאא
אאFאאE

אאאאא
،אאאאאאאא

אK 

R.IV =         F1J10E  

 

 

1-4-3-2 אVoltage Source 
אאאאא

אאTR،

TT R.IE =        F1J11E  

F1J6E
א،אא אΩ500אא

0.1אA
א

V50500*1.0R.IE TT ===  

F1J7E

א،אאΩK27אא3mA
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א

V 8110*27*10*3R.IE 33
TT === −  

F1J8E

،0.8mAאאאΩk28אא

א

V4.2210*28*10*8.0R.*IV 33 === −  


NoteW
אא

אא،אא،אאא
אאאW



 
 
 
 

F1J12E


א،אאאאאW

R*IV = F1J12E  

R
VI =         F1J13E  

I
VR = F1J14E  

אK

V
I R
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אSummary
1K אאאאK
2K אCurrent،אא،א،

W
R
VI =K 

3K ،אאאW 

R*IV = 
4K אאאאTIאאא

אאאTRאא،K 
5K אאא

אאאK 



1-5 אאאאאPower and Energy in Electrical Circuits 
א،אאאא

א אא  א א K   א א   א
אאאPowerK

אאאאאאאK


1-5-1 אPower  
אאאKאאWatt،PK

אאtאאW

time
EnergyPower =       F1J15E   

t
EP =         F1J16E   
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 W
אZאLא

W
PWאPowerאWattK
EWאEnergyJאא⋅secondWatt ⋅K
tWאtimesecondK


Note
،אאאאאאאWWatt

אJouleאאאא،אW


ondsec
JouleWatt =       F1J17E  

 
 
 

F1J9E
אא=100 Jא=5 sec؟אא،


א

אW

Watt 20
sec 5

J 100
t
E

time
EnergyPower ====  

F1J10E

אאP = 100 Wאאא،t = 30 secK؟א
א

time*Power Energy 
time

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

F1J11E
אאאאאאאW

FE 0.045 W
FE 0.000012 W 
FE 3500 W 
FE 10، 000، 000 W

א
     אאאא(W)kWMWGWKKKKK،

mWµWKKKKK،אא،אאא
אאאאא،אK


P = 0.045 W،،אאאאmW 

W

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

FE P=0.000012 W،،אאא
אאאאא،Wµא،

W 

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

FE P = 3500 W،kWאW 

kW5.3W10*10*3500W3500P 33 === −  

FE P = 10,000,000 WאMWW 

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

JאאאאאאK
JאאאאאאK

Jאאאאאאא،אאאK
Jאאאאאאא،אאאK

F1J12E
Wאאאא

FE1400 WאK
FE2500 WK
FE1000,000 WK


א

אאאאאאW

kW4.1
10
1400W1400

3
==      FE   

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

kW5.2
10
2500W2500

3
==      FE  

kWh5h2*kW5.2t*PW ===  

kW1000
10

1000000W1000000
3

==     FE   

kWh5000h5*kW1000t*PW ===  
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1-5-2 אאאאPower in Electric Circuit 
אPowerא،אא

אאאאא،א،אא
אאאאאOhm’s Law

אאאW
I.VP =         F1J18E  

W
PWאPowerא،WattK
IWאAK

VW،אVK


 
 


 




אF1J13Eאאאא


אאאR.IV =א
אW

R.II.R.II.VP 2===       F1J19E  

א،
R
VI =א

אW

R
V

R
V.VI.VP

2
===       F1J20E  

I

V R

+
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T
T I

ER , 
I
VR ==       F1J21E  

F1J13E
אא10 Ω = אא،W

FEI=0.7A 
FEI=1.4A
FEI=2.1A

א
אאW

W9.410*)7.0(R.IP 22 ===      FE  

W6.1910*)4.1(R.IP 22 ===      FE   

W1.4410*)1.2(R.IP 22 ===      FE   

،אאאאאPI
KW

2IP α         F1J22E  

אאאאאאאא
אאאW

FEA7.0IWatt9.4P =←= 
FEA4.1IWatt6.19P =←=


אPאFEאFKE
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F1J14E
אF1J14Eאא،Ωk1015 V،

אאΩk12؟








F1J14EאאאF1J14E


א
אאאאW

mA 5.1
10
15

10*10
15

R
VI

43
====  

אאאΩk12W

R*IV =  

V1210*12*10*5.1    33 == −  

אאΩk12V=12 V K

אSummary

• ،אאאאW
ondsec

JouleWatt =K 

• אאאאאK 
• אאאאאאאK 

15V 

I

Ωk10

+ V 

Ωk12

+

−

-
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1-6 אאאא 
אאאא،

אא،אאאאאK
אאאאאאKאאאא

אאא،אאאאאאא
אאאאא

אאKאאאאאאאK
1-6-1 אאאSeries Connection 

אאא،אאאא
אא،אאאא،אא

אאאKאא،
אאאאK








 
 
 
 

אF1J15Eאאא


 
 Total Resistance (RT)אא 1-6-1-1

אאאאאאW
n321T RRRRR ++++= K F1J23E  



b

a

R2

R1

R3

b

a

R2

R1

R3

R4
b

a 

R2

R1

R3

I

I
I
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F1J15E
אאאאאא

אW








F1J16EאאאF1J15E


א
אאאאאאא

 

Ω+Ω+Ω+Ω+Ω= 6.5102710056R T  

Ω= 6.198       
Ω=∴ 6.198R   T  


F1J16E

אאאאKאאא
Ω22K

א
אאאאאאא

nRR T =Q        F1J24E
Ω==∴ 17622*8R T  

WnאK

I 

SV

Ω= 56R1 Ω=100R 2

Ω= 6.5R 5 Ω=10R 4

R3 = 27 Ω 
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1-6-1-2 אאאOhm's Law in Series Circuits  

אאאא،אא
אK


F1J17E

אאאאאΩk6.12،
אVoltage DropאΩk9.3אאאW








אF1J17EאאאF1J17E



א
אאאאR1، R2א،אI

אאאW

mA59.1
10*6.12

20
R
VI 3

T

S ===  

V19.610*9.3*10*59.1R*IV 33
3 === −  

∴אאR36.19 V

1R 2R

_
?V =

+
Vs = 20 V R3 =3.9 kΩ 
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F1J18E
אא،אאVsK

א  VsאFuse mA5K
 
 
 
 
 
 




F1J18EאאאF1J18E
א

אאW

( ) ( ) 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 =∴  

אVSRTK

Ω=++=∴ K97.43.31R T  

V910*9*10*1V 33
S == −  

V3  ،V2 ،V1VSW
V9VVVV 321S =++=

−

+

SV

Ω= k1R1 Ω= k3.3R 2

Ω= k7.4R3

Fuse  mA5

mA1I =
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אFKirchhoff’s Voltage LawE
אFEאVSא

אאאK 
אא5mA

אW
Ω= K9*mA5VS  

V4510*9*10*5V 33
S == −  

F1J19E
אאאאאmA1،אVS؟

 








 
אF1J19EאאאF1J19E

א
אVSאא،RT 

Ω=+++= k5.95.12.16.52.1R T  

Ω=∴ k5.9R T  

אVS

( ) ( ) 33
TS 10*5.9*10*1k5.9mA1IRV −=Ω⋅==  

V5.9VS =∴  

+−    V   S

Ωk2.1

Ωk6.5Ωk2.1

Ωk5.1
I
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1-6-1-3 אאאVoltage Sources in Series 

 אאאאאא
אאאא،אKא

אאאאאאאא
אאאאאאאאK

אאאK

F1J20E
אאאWאE1، E2א،אאאאא

RTK








אF1J20EאאאF1J20E

א
אE2، E1אא،אא

אW

21T EEE +=  

V502030ET =+=  
W

A25.0
200
50

R
E

I
T

T ===∴  

A25.0I =∴  

1E
Ω= 200R T

−

+
V30

−

+
V20 2E
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אאFSeries–OpposingEאא،
אאאאאאאא

אאאאאאאאאW

F1J21E
؟אאאא










F1J21EאאאF1J21E
א

אE2، E1אאא
،אאאאאאאאH–א

אKאאאאאאאא
אאאאאW

21 EEE −=  

V101525E =−=  

F1J22E
אאאאא،א

؟אא

1E
TR−

+
V25

+

−
V15

2E
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F1J22EאאאF1J22E

א

1-6-1-4  Kircchoff's voltage law (KVL) 

אאאאא?
אאאFEאK?

W
אאאVoltage Drops

אאא?
אאVoltage Dropsאאאא

،אאאאא
אאאKאא

אאאאK








אF1J23Eאאאאא


+−    1E   

V5.1

+−   2E  +−   3E  +−   4E  

V5.1 V5.1 V5.1

TE

1R 3R2R

+− 1V +− 2V +− 3V

SV

R4

+− 4V
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4321S VVVVV +++=      F1J25E  

אVoltage Dropsא
אK

........VVVVV 4321S ++++=     F1J26E  



F1J23E
אSVאאאאW







אF1J24EאאאF1J23E

א
K

21s vvv +=  

v15105vs =+=  

v15vs =∴  

F1J24E
אאאאאאא،אאmA200I =א،

א1R،2R،3R4R؟

−

+

SV
-   5V  +

−

+
V10
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אF1J25EאאאF1J24E

א
אאK

אVoltage Drops

V210*10*200IRV 3
11 === −  

V4.947*10*200IRV 3
22 === −

V20100*10*200IRV 3
33 === −

4vFא4אREW

( ) 0vvvvv 4321s =+++−

0v204.92100 4 =−−−−

0v6.68 4 =−  

V6.68v4 =∴  

1-6-1-5 אVoltage Divider  

אאאא،אאאא
אאאאאאאאVoltage Dividers

אאאאאאK

Ω=100R 3 Ω= 47R 2 

 4R

E=100 V 
mA200I =

Ω=10R1
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אF1J26Eאאאאאא


אא1R،2Rאא
אא

11 IRV =  

22 IRV =  

אא1V،2V21 R,RK
א،V10VS =،Ω= 50R1،Ω= 100R2W

Ω=+= 15010050R T  

A
15
1

150
V10

I =
Ω
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