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אאאאW 
אF١-١٣،،Eא،(a)(٢ cm)
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אF١-١٥Eאאאא،)p(،
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אF١-١٥Eאאאא 

אאאאאW 
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)V(אא،
)C106q( 6−×=،W 

١-אאאא)V(K 
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٣-אאאא)C105.0( 6−×אא
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١- ٢ אאא(١٨ e) Kאאא
אא(١ nm)Kא؟؟ 

١- ٣  א  א  א   )C103( 9−×אא   
)C10120( 9−×      ،(٣ nm)א א  ،אא 
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١-١ אאאאאא(١ N/C)
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١-٥ א)kg105.0( 3−×א)C105( 6−×א،
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١-١٠ א(٦٠ P F)אאאW 
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Current & The Electric Circuit 

 

٢-١ אIntroductionW 
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אאa stream of moving changesא،
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١ -אאאאK 
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٨ -א  אא        ،
אאאאK 

٢- ٢ אאElectric CurrentW 
אאאאאא

אFאאEא،
random motionאא،אאאא

אאאאאא،אאK 

אא،אא
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אאאא
אאאא،אKא

אאאאאestablished current،
אאאאsteady state conditionא،א

direct currentאאא،א،
אאאalternating currentK 
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א א    א א א  negative terminal
אאאאאא،א

אא،אאF٢-١KE 

 
אF٢-١Eאאא 

F٢-١EExample 

 א   )A106( 4−×   
א   א א  ،א  א   א א

)s105( 3−×،W 

١ -אאאאאאK 

٢ - א א  א    
؟אאK 

אSolutionW 

١ -אאא(٢ ١)،W 

C3C1030
)s105)(A106(

tIq
t
qI

7

34

µ

∆∆
∆
∆

=×=

××=

=

=

−

−−

 



א ١١٧ אא 

אאאאא אא 

 

‐٤٠ J 

٢ -אא،(٢ ٣)אאK 
neq =  

 (e)אא א   ،(n) ،א (q)א
אאאאאאאW 

electron101875
)C106.1(

)C1030(n

)C106.1(nC1030

10
19

7

197

×=
×
×

=

×=×

−

−

−−

 

٢- ٣ אאCurrent DensityW 
א،אאאאF٢-٢

،E 

 
אF٢-٢،E 

-א)v( d
אאK 

-א)v( d
אאאKאא

(J)אא)E(
rK 

אF٢-٢Eא،אא ،
 א א   א א)E(

rא  ،



א ١١٧ אא 

אאאאא אא 

 

‐٤١ J 

א   אא  א  א א  א current 

densityאא)J(
rאאא

 א ، א F٢-٢ E א א (I) 
א،אאאא

אאאW 

A
IJ =

r
        F

אE  (٢ ٤) 

،אא(A)
אאKאאא(SI) unit

(A/m٢)KאF٢ J٢EF٢ J٢Eאא)J(
r

אא)E(
rא،אאא،

אא-א-
אאW 

∫= Ad.JI
rr

         

 (٢-٢) 

)Ad(
rאאאא)dA(،

)J(
r)Ad(

rא،אאא
(٢-٢)אK 

אאאאא
אאאKאאאdrift velocity

אא،אאא
)v( d

rאאאאא،
אא،



א ١١٧ אא 

אאאאא אא 

 

‐٤٢ J 

אא،א
א،אאאK 

אF٢-٢Eאאא،
אאא)v( d

rאאא،
)L(א)LAn(،)n(אא)LA(،
)A(אאאא،א

אא)t(∆)q(∆W 
e)LAn(q =∆         

 (٢ ٦) 

)e(،אא)q(∆
אא)L(אאא،W 

dv/Lt r
=∆          

 (٢ ٧) 

  (٢ ٧)(٢ ٦) א א(٢ ١)א
،אW 

d

d

veAnI
)v/L(
e)nAL(

t
qI

=

==
∆
∆

 

אאא(A)W 

dven
A
I
=  

אאא)J(
r،W 

dvneJ rr
)(=          

 (٢ ٨) 

)v( d
rאאK 



א ١١٧ אא 

אאאאא אא 

 

‐٤٣ J 

 א(٢ ٨)     )J(
r)v( d

r א  K
 אא(n e)   א א    (C/m٣)

K 

F٢-٢EExample 

  א     (٢.٢ mm)    
  א(٨}١ mm)א   א א א א  א ،

(٣}١ A)K؟אא 

אSolutionW 

١ -אW 

( )

)m/A(106.2
m1061.4

A3.1J

m1061.4
m1025.1

rA

A
IJ

25
26Al

26

23

2
1Al

Al
Al

×=
×

=

×=

×=

=

=

−

−

−π

π

 

٢ -אW 

Cu
Cu A

IJ =  

( )

)m/A(101.5
m1054.2

A3.1J

m1054.2
m109.0

rA

25
26Cu

26

23

2
2Cu

×=
×

=

×=

×=

=

−

−

−π

π

 

 אא   א  א   
(A)אאא،K 

F٢-٣EExample 



א ١١٧ אא 

אאאאא אא 

 

‐٤٤ J 

א)mm2.3W( =)m250x( µ=
)mA2.5I( =אאא،

אאאn-type semiconductor،
אאאא

،א)m105.1n( 323 −×=K 

١-אא)J(
rK 

٢-אא)v( d
rK 

אSolutionW 
١ -  

Wx
IJ =

r
 

אW   A = Wx 

2
63

3

m/A6500
)m10250)(m102.3(

A102.5J =
××

×
= −−

−r
 

٢ -  

s/cm27s/m27.0
)C1060.1)(m105.1(

m/A6500
ne
Jv

19323

2

d

==
××

=

=

−−  

  

٢- ٤ אאאResistance and ResistivityW 
א،אאאא

א   א      ، א (V)
 א  אammeter،   א א  א 

אא،אאא



א ١١٧ אא 

אאאאא אא 

 

‐٤٥ J 

א  א   ، א א   א 
א Kא Fא Eא א אresistance

א(V)אאא
(I)אא،W 

I
VR =        FאE

 (٢ ٩) 
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σ = ١/ρ    FאאאאE
 (٢ ١٣) 

FE(Ω.m) ١K 

אF٢- ١EאאאאK 

Temperature 

coefficient of resistivity 

(k ١) 

א
אא 

Resistivity ρ(Ω.m) 
אא 

Material 
א 

  אtypical metals 
١٠ × ١}٤ ١٠ × ٦٢}١ ٣ ٨  silver 

١٠ × ٣}٤ ١٠ × ٦٩}١ ٣ ٨  copper 

١٠ × ٤}٤ ١٠ × ٧٢}٢ ٣ ٨  aluminum 

١٠ × ٤.٢ ١٠ × ٢.٢٢ ٣ ٨  tungsten 
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coefficient of resistivity 
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Temperature 
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Resistivity ρ(Ω.m) 
אא 
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אאpotential magnitude and polarity،
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אFEAppendix 
אאאPhysical Constants 

א אאא 
אאאabsolute zero temperature K0  C15.273 °−  

אא
אא

acceleration due to 
gravity at sea level 
(Washington d. c.) 

 2s/m801.9  

 Avogadro’s number ON  mole/particles10022.6 23×  
א charge of an electron e C106022.1 19−×−  

 constant in Coulomb’s K 229 kg/m.N10988.8 ×  
אא gravitational constant G 2211 kg/m.N10673.6 −×  
א mass of an electron em  kg10109.9 31−×  

א mass of a proton pm  kg10673.1 27−×  

 Planck’s constant h 
s.eV10136.4

Hz/J10626.6
15

34

−

−

×

×  

א speed of light in a vacuum c )exact(s/m1099792458.2 8×

א mass of neutron nm  kg1067492.1 27−×  
אא permittivity of space oε  m/F1085.8 12−×  

אא permeability constant oµ  A/m.T104 7−×π  

אConversion Factors 
١אאatomic mass unit = 227 c/MeV5.931kg10661.1 =× −  
١electronvolt = J10602.1 19−×  
١Joule = m.N1  
١Joule = C.V1  
١coulomb = )unitseargchelementary(10242.6 18 ××
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אTrigonometryW 
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