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א 

An Introduction 

 

אא ،  א ،א
א،אאW




]אW١٣[،


]א W١٩١[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אK 
،אאאאW،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אFLאLאE 

אאאא،אאW 

١-،אאאאאאאא
אא،אאאאא

אאאאאא،K 

٢-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א،א
אאאאאK 



א ١١٧ 
א 

אא 

 

 

٣ -אאאאאאא
אאא،אא،

אאK 

אאאא
א،אאא،א

אFא،אא،אא،אא،אEKKK،
אאאK

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،K 

אאאא
אאאאא،

אאאK 

،אאא
،אאאאאא

אK 
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The Electrostatics 

 

١- ١ אIntroductionW 
אאאelectrostaticsאאfundamentals 

conceptsאא،אאelectric chargeא،
אconservation of electric chargeאא،אא،permitivivty

אאאא،אCoulomb’s lawא
אelectrostatic forceאא،conductorsאא،insulators

אא،אelectrostatic fieldאא،electrostatic potentialK 

אאא
אאא،אא

אאKאattractionאrepulsion
،אאאאאnegative charges

positive charges،אא،
אK 

אאאא،אאא
אא،אאאא،

אאFEאא،W 

١-אא،א
Wא،אאאא،

אK 
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٢-אאא،אא
 Kאאא

٣-אאאWא،א،א
אK 

٤-،אאא
אK 

٥-אאאא
،אאאK 

١- ٢ אאThe Electric ChargeW 
אאelectric neutralא

،אאא،
אאאאא،א
אא،א

אimbalance،K
אאKאאא

Wאאאאאא 

١-אאWאאLike charges repel each otherK 

٢-אאWאאUnlike charges attract each otherK 

אאאאatomic structure of matterא
אאnucleusאאאאאelectronאאא

א،אאאא
אelementary chargeאא،א،

אאאא،א(e)،א
W 
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C1060.1e 19−×=  

(C)אא،אאא
אאא،אאא
)1025.6( 18×א،W 

kg101.9m 31
e

−×=  

אאאאא
continuous fluid،אא،א

،אאאאאאאאאא
אאאא،W 

q = n e, (n = ± ٢ ± ,١, …)        (١�١) 

אאא(e)אא،אא
charge is quantizedK 

אאאאאאאא
،אprotonא،אא

אאא،neutronאאא
،،א

אאF١- ١KE 

 

 ParticleאSymbol אCharge (e)אMass (m) א

�١ ١ e electron 
١٥}١٨٣٦ H١ p proton 

٠ ٦٨}١٨٣٨ n neutron 
אF١-١Eאא 
אא 



א ١١٧ אא 

אא אא 

 

‐٤ J 

אאאא،אאאאאא
אW 

١-אאאFאEconductorsWאאאאאאא
free electronsאאroom temperature،אא،

אironא،cooperא،aluminumK 

٢-אאאnon conductors or insulatorsWאאא
،אאאFאEאא
،אאwoodא،rubberא،plasticא،glassK 

٣-אאאFאEsemi conductorsWאאאא
אאאאאא،אא،

،אאאא
אאאאא،אאgermanium

אsiliconאאאאא،
אאאאאאאאK 

١- ٣ Coulomb's LawW 

אWאאאאאאאא
אאא،(١٠٩ × ٩ N)Kאא

אאאK 

 
אאCoulomb Charles Augustusא١٧٩٥אא

אאאאא،אאאא
אאCoulomb’s torsion balanceאאאא،

אאא-אאאא
-אא،אאאאF١-١KE 



א ١١٧ אא 

אא אא 

 

‐٥ J 

אאאא)q( 1
אאאאאא

אאאאא،אאאא
אKאאאאאvacuumW 

١-אאא(F)אא)q,q( 12
point chargesאאK 

F∝ q
١
 q

٢
          (١�٢) 

٢ -אאא(F)אא)r( 2،
W 

F∝ 2r
1            (١�٣) 

 
אF١-١Eאאאא، 

א(١�٢)(١�٣)،W 

2
21

r
qqF ∝           (١-١) 

،אאW 
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2
21

r
qqkF =  

(k)אאא،אא،א
،אאאא،אאא

אאאאא(SI)א،FאEאאW 

q
١
 = q

٢
 = ١C 

  r = ١ m 

אאאrepulsion forceW 

F = ١٠٩ × ٩ N 

אא(١�٥)אW 

229
2

29
21

2

109
1

1109 −×=
×

=

=

C.m.N
C

)m)(N(
qq

Frk
 

אא،(١�٥)אאW 

r̂
r
qq

109F 2
219×=  

א)r̂(אאא(F)،א
א(k)אאW 

o4
1k
πε

=  

(εo)אאאאpermittivity of vacuumאא،
אאW 

22112
9o C.m.N1085.8

)109(4
1

k4
1 −−−×=

×
==

ππ
ε  
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‐٧ J 

אאא(١�٥)אאW 

2
21

o r
qq

4
1F
επ

=  

אאאאאאאW 

2
21

r
qqkF =       FE  (١�٥) 

Wאאא
א،K 

אאאאאא
אא،אאאאrelative permittivityא

אW 

==
o

r ε
εε         (١�٦) 

K   א  (١�٦) (εr)  

א،אאאא
אKא،אאF١-٢KE 

 
 

אF١-٢Eאאאא 
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‐٨ J 

אאאאאאא
אאאאאא،אKא

،אאאאא
אא،K 

אאאW 

١-אאK 

٢-אאK 

א،אF١-١E 

F١-١E 

א(ABC)א،F١-٣E، 
(١٠�٦ × �١٠ C)،(+١٠�٦ × ١ C)،(H١٠�٦ × ٢ C)א،אא

אאאאא(B)K 

 
 

אF١-٣E،F١-١E 

אSolutionW 
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אא)F( BAא،אאF١- ٣E،
א)F( BCאאאK 
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אF١-١Eאאא(x, y)אאא
א،אאא،אא
אאאאאאא،אא

אאאא،אK 

F١-٢E 

אאא(٢ e)אא،(١٠ e)א،
אאא(٣ nm)KאאאK 

אSolutionW 

אאאא،א
W 
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א،אK 

Wאאאא)CmN109k( 229 −×=،
אK 

١- ٤ אאThe Electric FieldW 
אאאא

vectors fieldאאא،אאא
א)q( otest chargeא(q)،

אא)F(
rאאא)q( oאא،

אאאא(q)א)q( oא،
אאאאאא)q( oא،

אאאאאאאאא
אאא،אאW 

oq
FE
r

r
=       FאאE  (١�٧) 

)E(
rא،אאא)q/F( o

rא
אא)F(

rאא،(SI)(N/C)K 
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אאאאאא
،אאאא،א

א(q)א،F١- ١Eאאא،)q( oW 
r̂

r
qq

4
1F 2

0

0πε
=  

 
אF١-١E 

אא(q
o
)אאא(q) 

(r)אא،אאאW 
r̂

r
q

4
1

q
FE 2

0o πε
==

r
r

         (١�٨) 

אאאאKא)r̂(
אא)E(

rא)F(
rK 

אא)E(
rאאאאF١E،

אF١-٢Eא)E(
rאKא

אא،אאאF١-٥EF١-٦KE 

                                                 
F١EאF٤-٢EאאאK 
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 

אF١-٢EאאFE
rEאא 

אא (N/C)אאElectric Field 

١٠٢١ × ٣ אאא at the surface of uranium nuclus 

١٠١١ × ٥ אאא within a hydrogen atom, at the electron orbit 

١٠٦ × ٣ אאאא electric breakdown occurs in air 

١٠٣ אא at the charged drum of a photocopier 

١٠٣ אא the electron beam accelerator in a TV set 

١٠٣  near a charged plastic comb 

١٠٢ אאא in the lower atmosphere 

١٠٢ אאאא inside the copper wire of household circuits 
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١- ٥ אאאThe Electric Field Due To A Point ChargeW 
אא)E(

rאא(q)،
א(r)W 

r̂
r
q

4
1E 2

0πε
=

r
 

אאאאאאW 

2r
qkE =     FאאE   (١�٩) 

)r̂(אunit vectorאאאאאא
א،אאא)E(

rאאאא
אא،F١-٥Eאא،אאF١-٦KE 

F١-٣E 

אradiusאאא)r()fm8.6(אא
אאאKאאאאK 

אSolutionW 

אאא(١٠-١)W 
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)m108.6(

)C106.1)(92()C.m.N109(

r
eZk

r
eZ

4
1E

21

215

19
229

22
0

×=

×
×

×=

==

−

−
−

επ

 

)Z(אאאאאK 

١- ٦ אאThe Electric PotentialW 
،אא،א

אאאאא،אW 
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١-؟אאא 

٢-؟אאאאא 

٣-؟אאאאא 

אאF١-٧KE 

 
אF١-٧Eאא(q

o
) 

אאאאtest charge)q( oא(A)א(B)
אאא(+q)אאא،

אאאelectric potential energyאאא،
אאאאאא(A)א(B)א

אאאאpotential differenceKא
אאאW 

Uq)VV(W
q

W
VVV

oABBA

o

BA
ABBA

∆=−=

=−=

→

→

        (١�١٠) 

W 

BAW →Wאאאאא(F)א(qo)(A)(B)K 

VBWאאאBK 

VAWאאאAK 

∆UWאאא)q( oK 



א ١١٧ אא 

אא אא 

 

‐١٥ J 

אאאא)q( o ،אא
אF١-٨Eא(F)אא)qE(אא

،אאW 
UW BA ∆−=− → 

אא،אאא
אא،א)q( o אB)qV( oBK

א)VV( AB −אאאאא
אאאW 
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AB

o
AB q

UU
q
UVV

−
==−

∆  

אאאאאאא
א(q)אא)q( oאאW 

r
qq
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qq
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o πεπε
==
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(r)אאא(A)(B)،(F)א
אאאאK 

אאWאאא
אFאEא??אאאאK

א(J/C)א(V)K 

אWאאאא?K?א
אאאK 

F١-١E 

א(١٠�٦ × ١ C)א(٣V)א 
F١-٨E،W 
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אא אא 

 

‐١٦ J 

١-אאאK 

٢-אאאא(٨V)K 

٣-אאאאא(A)א(B)K 

 
אF١-٨Eא،F١-١E 

אSolutionW 

١ -אאW 
U = q V 

 = (١٠�٦ × ١ C)(٣V) = ١٠�٦ × ١٢ J 

٢ -אאא(A)(B)K 
W = q(VB - VA) 

 = (١٠�٦ × ١ C)(٨V - ٣V) = ١٠�٦ × ٢٠ J 

٣ -אאאW 

∆U = UB - UA = ١٠�٦ × ٢٠ J 

WאאF٢٣E؟ 

אאאאאאא(q)
א)q( oאא(r)אא(q)אאא،

،W 
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r
q

4
1V

oπε
=  

אאאאאאW 

r
qkV =      FאאE  (٦�١١) 

אאאאא(r)א(q)،
אK 

F١-٥E 

אאאאpoint chargeאא،F١-١٠E(١ µC)،
א(A)(٢ m)א،(B)(١ m)K 

١ -א)VV( BA −אF١- ١٠KE 

٢ -א)VV( BA −אF١-٩KE 

 
אF١-٩Eא،F١-٥E 

אSolutionW 
١ -  
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٢ -אאאא)r(אאW 
V4500VV BA −=−  

١- ٧ אאCapacitanceW 
אאא،א

אא،אאcapacitorKא
capacitanceאאאא
،א،אאאאא

אאאאK،
אא،

אאאאאאא
(V)Kאא(q) storage chargeאא

،W 
q ∝ V 

א?אא?(C)א،
אאאF١E،אאאW 

q = CV           (١�١٢) 

                                                 
F١Eאא،אא،אאK 
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‐١٩ J 

אא،אאאאF١-١٠،KE
אאאא(SI)א،אFarad

W 
١ Farad = ١ Coulomb/١ Volt 

 ١ F = ١ C/١ V 

אאWאאאאאא
אאK 

אאאאאאא
א،א،א،אאאאK 

א،אאאאאא
א)E(

rאאGaus's lowא
אאאאאW 

∫ = qAd.E0

rr
ε           (١�١٣) 

(q)אאא،אאאא
)،)Adא(A)אאאאא،(dA)א

r
אאא،א،אא

א)E(
rא)Ad(

rאא،K
)F(

r(εo))E(
r(dA)אא،אא)E(

r)Ad(
r

אאא،(١�١١)אאW 
qAE =

r
0ε           (١�١١) 

אאא(dA)אא(A)،
א(V)אאאאאאW 

EdV =           (١�١٥) 
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 
אF١-١٠E 

-אא،אאאא(A)
(d)א،(V)،

אאאא(+q)(-q)K 
-אאFE

rE
א(fringes)א،

אא(d)(A) 

א،א(١�١٢)،(١�١١)،(١�١٥)W 
EdCAEo =ε  

d
AC oε=           (١�١٦) 

אאאאאאא
א(١�١٦)אאW 

d
AC roεε=        FאE  (١�١٧) 

(εr)אאאאאא
،א،אKאאא

אאאFroεεε =E 

١- ٨ אאאCapacitors in ParallelW 
א،אאאאאא

אאin parallel،א
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אאin seriesא،אאאא
،אאאאאא،א
אאאאאאא

אא،אF١-٥،Eא،)C,C,C( 321א(V)،W 
VVVV 321 ===  

אא(q)W 
321 qqqq ++=  

 
אF١-١١،E 

-)C,C,C( 321אאconnected in parallel،
אא(B)א(V)K 

-א)C( eqאאאא
אאא)qqq( 321 ++K 
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אאאאF١-١١E(C)W 
321 CCCC ++=  

١- ٨ אאאCapacitors in seriesW 
אאאאin series،

אא،אאאאאאאאא
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١-١٠אאאStorage Energy In A Charged CapacitorW 
אאא(q)אא(V)א
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א0(אq( =אא)VV( =א
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F١-٧E 

)PF3C( 1 =،)PF6C( 2 =،אא
אא(V = ١٠ volt)K 

١ -אאK 
٢ -אאאאK 
٣ -אK 
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،אאאאאW 
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‐٢٧ J 

א 
Summary 

 
• Wאאאאאאאא

א،،W 
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• אWאאאאאאאא
אאא،(١٠٩ × ٩ N)Kא

אאאאK 

• אאאWאא،
אא،אאא

،אW 
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• אאWאאאאאא??
KW 
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• אאWאאאא
FE،אאW 

V
q)farad(C = 

אאא،אאא
אאW 
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d
AC roεε= 

אאאאאאW 
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C
1

C
1

C
1

21eq

++= 

אאאאאאW 
Ceq = C١ + C٢ + ... 

אאאאאאאW 

qV
2
1U = 
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‐٢٩ J 

אאא 
Self Test Exam 

 
א،אאאאאאא

אא،אאאK 

אאאאW 
אF١-١٣،،Eא،(a)(٢ cm)

אא(٣٠°) (θ)אאא،(١٠�٦ × ٠}٣ C)א
אKאא)F( 1אא)q( 1א

אK 

 
אF١-١٣،،E 
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‐٣٠ J 

 
אאאאW 
אF١-١١E،אאאא)p(K 

 
אF١-١١Eאאאא 

אאאאW 
אF١-١٥Eאאאא،)p(،

אK 

 
אF١-١٥Eאאאא 

אאאאאW 
capacitorאא،אא)m101d( 3−×=א،

)F106C( 6−×=K 

)V(אא،
)C106q( 6−×=،W 

١-אאאא)V(K 

٢-אאאאא)E(K 

٣-אאאא)C105.0( 6−×אא
אאK 

אאאאW 
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אF١-١٦E)Cn10q( 1 =)Cn20q( 2 −=
)Cn20q( 3 −=אא،)cm30a( =K 

אאאאא)q( 1K 

 
 

אF١-١٦Eאאאא 

 

Wאאאאאא
אאאאאא،אאFEK 

 

 
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‐٣٢ J 

אא 
Unit One Exercises & Problems 

 
١- ١ אא(٢ µ C)אא(�٣ µ C)אא،(٣٠ 

cm) Kא אאא אא K
א؟؟ 

١- ٢ אאא(١٨ e) Kאאא
אא(١ nm)Kא؟؟ 

١- ٣  א  א  א   )C103( 9−×אא   
)C10120( 9−×      ،(٣ nm)א א  ،אא 

אK؟ 

١-١ אאאאאא(١ N/C)
א(١ m)؟ 

١-٥ א)kg105.0( 3−×א)C105( 6−×א،
אאאא)C/N105.0( 5×

)m1010( 2−×W 

١ -אאאאאאאK 

٢ -אאאK 

٣ -אאאאאאK 

W؟אא 

Wאאאאא
אאאK 
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١-٦ אא)C105q( 9
1

−×−=،)C106q( 6
2

−×=،
)C103q( 6

3
−×=א(A)אא)m1010r( 2

1
−×=،)m105r( 2

2
−×=، 

)m103r( 2
3

−×=אא،F١- ١٧Eאאאא،(A)K 

 
אF١-١٧Eא،F١-٦E 

١-٧ אא)C103q( 9
1

−×−=،)C103qqq( 9
432

−×===،
א(A)א)m103r( 2−×=אא،F١-١٨E،

W 

١-אאאא(A)K 

٢-אFEאאא(A)א،K 

٣-)C109q( 6
5

−×=א(A)אא،א
א)F( 15א)q( 1א،K 

 
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אF١-١٨E 

١-٨ א(٢٠٢ cm٢)אא،
(٠.١ cm)K 

١ -אאאK 
٢ - א אא   א א  (٥٠٠ V) Kא א 

אK 
٣ -אא،אאאאאK 
١ -א(٠.١ cm)א(٨)Kאא

אאאKאאאאאK 

١- ٩ א(٣ µ F)א،אאאא
 ،א  א א  א   א א א א א

(٨}٢)K 

١-١٠ א(٦٠ P F)אאאW 
١ -א(٢ kV)K 
٢ -אא(١٠�٨ × ٣ C)K 
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א 
Optional Problems�

١-١ אF١-١٩Eאאא(a)،
אא(Q)אאאא

א(C)אK 

 
אF١-١٩E 

١-٢ אF١-٢٠E 
(٥ cm)אא،)C101q( 8−×=אאאא

אאK 

 
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 

  

אאאאאאאאאא  

٢





א

א
א





א


א





א

א
א





א


א
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אא 
אאאאא 

Current & The Electric Circuit 

 

٢-١ אIntroductionW 
אאאאאא

،אW،אא

אאאאא،

אאאא

K 

אאא
אאa stream of moving changesא،

אאא
אא،א

אאא(١٠٦ m/s)،
אאאא

אFאא،אאא
אEאאא،אWא

אא،אא



א ١١٧ אא 

אאאאא אא 

 

‐٣٦ J 

אא(V)א(E)א
א،א

אammeter،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،FE،
אאW 

١ -אאאאK 

٢ -אאאאK 

٣ - א א א ، א
 א    א א 

אK 
٤ -אאאאא

אK 
٥ -אאאאאאK 
٦ -אאאאא

K 
٧ -  א א א

אאאאא،אK 



א ١١٧ אא 

אאאאא אא 

 

‐٣٧ J 

٨ -א  אא        ،
אאאאK 

٢- ٢ אאElectric CurrentW 
אאאאאא

אFאאEא،
random motion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Kא

אאאאאestablished current،
אאאאsteady state conditionא،א

direct currentאאא،א،
אאאalternating currentK 

אWאאאא 
א א א     א ،  

אאאאא،אW 

אאא(∆q)אא
א(∆t)KאאF١EW 

t
q

I
∆
∆

=       Fא
אE  (٢�١) 

                                                 
F١Eאא(٧�١)אI = (q/t)א،אאא،

אK 



א ١١٧ אא 

אאאאא אא 

 

‐٣٨ J 

אא W א א א א
אK 

 א א  א (SI)   ،א 
א(A)א،אאאK 

،אאאאא
אאinstantaneous currentא

אאW 

dt
dqI =          

 (٢�٢) 

אא(q)
אא(n)א،אאא

אW 
...,,3,2,1n,neq ±±±==       

 (٢�٣) 

אאאquantizedא،
(n)--אאא(e)א،

אelementary chargeK 

،אאא
אאאאאאKאא

אאאא(E)،
،אאאאאא

אאאאאאאא
א،אאאא

אאאK 



א ١١٧ אא 

אאאאא אא 

 

‐٣٩ J 

אאאא
אאKאאpositive terminal

א א    א א א  negative terminal
אאאאאא،א

אא،אאF٢-١KE 

 
אF٢-١Eאאא 

F٢-١EExample 

 א   )A106( 4−×   
א   א א  ،א  א   א א

)s105( 3−×،W 

١ -אאאאאאK 

٢ - א א  א    
؟אאK 

אSolutionW 

١ -אאא(٢�١)،W 

C3C1030
)s105)(A106(

tIq
t
qI

7

34

µ

∆∆
∆
∆

=×=

××=

=

=

−

−−
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‐٤٠ J 

٢ -אא،(٢�٣)אאK 
neq =  

 (e)אא א   ،(n) ،א (q)א
אאאאאאאW 

electron101875
)C106.1(

)C1030(n

)C106.1(nC1030

10
19

7

197

×=
×
×

=

×=×

−

−

−−

 

٢- ٣ אאCurrent DensityW 
א،אאאאF٢-٢

،E 

 
אF٢-٢،E 

-א)v( d
אאK 

-א)v( d
אאאKאא

(J)אא)E(
rK 

אF٢-٢Eא،אא ،
 א א   א א)E(

rא  ،
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‐٤١ J 

א   אא  א  א א  א current 

densityאא)J(
rאאא

 א ، א F٢-٢ E א א (I) 
א،אאאא

אאאW 

A
IJ =

r
        F

אE  (٢�٤) 

،אא(A)
אאKאאא(SI) unit

(A/m٢)KאF٢ J٢EF٢ J٢Eאא)J(
r

אא)E(
rא،אאא،

אא-א-
אאW 

∫= Ad.JI
rr

         

 (٢-٢) 

)Ad(
rאאאא)dA(،

)J(
r)Ad(

rא،אאא
(٢-٢)אK 

אאאאא
אאאKאאאdrift velocity

אא،אאא
)v( d

rאאאאא،
אא،
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‐٤٢ J 

אא،א
א،אאאK 

אF٢-٢Eאאא،
אאא)v( d

rאאא،
)L(א)LAn(،)n(אא)LA(،
)A(אאאא،א

אא)t(∆)q(∆W 
e)LAn(q =∆         

 (٢�٦) 

)e(،אא)q(∆
אא)L(אאא،W 

dv/Lt r
=∆          

 (٢�٧) 

  (٢�٧)(٢�٦) א א(٢�١)א
،אW 

d

d

veAnI
)v/L(
e)nAL(

t
qI

=

==
∆
∆

 

אאא(A)W 

dven
A
I
=  

אאא)J(
r،W 

dvneJ rr
)(=          

 (٢�٨) 

)v( d
rאאK 



א ١١٧ אא 

אאאאא אא 

 

‐٤٣ J 

 א(٢�٨)     )J(
r)v( d

r א  K
 אא(n e)   א א    (C/m٣)

K 

F٢-٢EExample 

  א     (٢.٢ mm)    
  א(٨}١ mm)א   א א א א  א ،

(٣}١ A)K؟אא 

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

 

 אא   א  א   
(A)אאא،K 

F٢-٣EExample 
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‐٤٤ J 

א)mm2.3W( =)m250x( µ=
)mA2.5I( =אאא،

אאאn-type semiconductor،
אאאא

،א)m105.1n( 323 −×=K 

١-אא)J(
rK 

٢-אא)v( d
rK 

אSolutionW 
١ -  

Wx
IJ =

r
 

אW   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 אאאResistance and ResistivityW 
א،אאאא

א   א      ، א (V)
 א  אammeter،   א א  א 

אא،אאא
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‐٤٥ J 

א  א   ، א א   א 
א Kא Fא Eא א אresistance

א(V)אאא
(I)אא،W 

I
VR =        FאE

 (٢�٩) 

אWאאא
אאK 

אאא(SI)volt/amperא
ohm    א  Georg Simon Ohm (١٨٧٠)א 

א(Ω)אK 

١ ohm = ١Ω = ١ volt/amper 

אWאא،אאאאאאאאא
Kאאא 

אאאאאא
resistorא،

אK 

א،אא،א
אא)E(

rאא
אא،א)J(

rא
א(I)אא،א

אאאאאאK 
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אאאאא אא 

 

‐٤٦ J 

אאאאא
،א،אא

אconductivityא،(σ)FKE
אאאאאא(ρ)

FEא،W 
J
r
∝E
r

 

EJ
rr

σ=        FאE
 (٢�١٠) 

אאאW 

J
E
r

r

=ρ       FאאE
 (٢�١١) 

אאאא(SI)(Ω.m)
)E(

r(V/m))J(
r(A/m٢)K 

W 

m
mA
A

mA
mV .

)/(
).(

)/(
)/(

2 Ω=
Ω

==ρ  

 F KE אא(٢�١١)אא
א(٢�١٢)אאאK 

JE
rr

ρ=          

 (٢�١٢) 

א(٢�١١)(٢�١٢)אאא
א   א  א א Kא   

א  אconductivityאא א 
אאW 
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‐٤٧ J 

σ = ١/ρ    FאאאאE
 (٢�١٣) 

FE(Ω.m)�١K 

אF٢- ١EאאאאK 

Temperature 

coefficient of resistivity 

(k�١) 

א
אא 

Resistivity ρ(Ω.m) 
אא 

Material 
א 

  אtypical metals 
١٠�٨ × ٦٢}١ ١٠�٣ × ١}٤  silver 

١٠�٨ × ٦٩}١ ١٠�٣ × ٣}٤  copper 

١٠�٨ × ٧٢}٢ ١٠�٣ × ٤}٤  aluminum 

١٠�٨ × ٢.٢٢ ١٠�٣ × ٤.٢  tungsten 

אF٢-١EFאאEאא،אא(٢٠°C) 
 

 

Temperature 
coefficient of resistivity 

(k�١) 
א

אא 

Resistivity ρ(Ω.m) 
אא 

Material 
א 

٨-١٠ × ٦٨}٩ ١٠�٣ × ٦.٢  iron 

١٠�٨ × ٦}١٠ ١٠�٣ × ٩}٣  platinum 



א ١١٧ אא 

אאאאא אא 

 

‐٤٨ J 

Temperature 
coefficient of resistivity 

(k�١) 
א

אא 

Resistivity ρ(Ω.m) 
אא 

Material 
א 

١٠�٨ × ٢}١٨ ١٠�٣ × ٠٠٢}٠  manganin 

   
١٠�٣ × ٢.٢ ١٠�٣ × �٧٠  silicon. pure 

- ١٠�٤ × ٧}٨  silicon. n-type 

- ١٠�٣ × ٨}٢  silicon. p-type 

-  typical insulator 

- ١٠١٤ – ١٠١٠  glass 

- ∼١٠١٦ א fused quartz 

אF٢-١EFאאEאא،אא(٢٠�C) 

אאאW،א
אאא؟ 

אאאאאF٢-٣KE 

 
אF٢-٣Eא(V)א،(L)א،(A)א،א(I) 

אאאF٢-٣E(L)(A)،
א(V)،א

(I)Kאא،אא)E(
r)J(

r
א،אאאW 
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‐٤٩ J 

L
VE =        Fא

אE   

אאW 

A
IJ =         F

אE   

)E()J(א(٢�١١)W 

AI
LV

J
E

/
/

==ρ 

אא)I/V(א)R(א
אאאאא)L()A(

W 

⇒=
A
LR ρ

L
AR=ρ     FאאE

 (١٤-٢) 

א אWא   א    א Fא E
אFאKE 

      אאא
K 

 א א אא W    א   ،אא
אאא؟ 

אא،אאאF٢- ٤KE 
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‐٥٠ J 

 
אF٢-٤Eאאאא 

אאא 
אא(ρo = ١٠�٨ × ١.٦٩ Ω.m) 

אאאאאW 
)TT( ooo −=− αρρρ        

 (٢�١٢) 

)T( o)( oρאאאא
אאאW 

C20To °=         F
E  

°= K293To         F
E  

cm.69.1o Ωµρ =         

  

 (α)  ،אא א  FE א א ،F٢- ١E،
אF٢-٤E-אאאאא(ρ)

 אא (T)א    -א א 
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‐٥١ J 

 א )( oρאא א א   א א  
).T( oo ρK 

אאאW 
)TT(RRR ooo −=− α     FאאאE

 (٢�١٦) 

F٢-٤EExample 

א(٩}٠ mm)،
(٣}١ A)؟אאאאא، 

אSolutionW 
JE
rr

ρ=  

 

( )

25
26

26

23

2

m/A101.5
m1054.2

A3.1J

m1054.2
m109.0

rA
A
IJ

×=
×

=

×=

×=

=

=

−

−

−π

π

 

 (ρ)אא  א אF٢-١ EW
m.1069.1 8 Ω−×א،W 

m/V106.8E
)m/A101.5)(m.1069.1(E

3

258

−

−

×=

××= Ω
 

Wאא)E(
rאא

אK 

٢- ٥ Ohm's LawW 
אאresistor



א ١١٧ אא 

אאאאא אא 

 

‐٥٢ J 

 conductorא  א   א ،   
אאpotential magnitude and polarity،

א     א      א Kא
א،אF٢-٢،،Eאא

אאW 

 
אF٢-٢،،E 

-א(V)אא(I)K 
 - א     (I) א  (V)  א  

(١٠٠٠ Ω)K 
-א(I)א(V)א

(p.n)K 

 אF٢-٢ Eא(V)א א
א،אFאאEא

 א א (I) א    א  
אא(V)K 

 א  א F٢- ٢ E    א 
א،אאא



א ١١٧ אא 

אאאאא אא 

 

‐٥٣ J 

אא  F١E)V/I(  א   א
 ،אא)I/VR( =  א،،א

אאאאK 
אF٢-٢Eאאאא

אאאאא،אא
אאאאא)volt50.1(،

אא،אאא
אאאKאא،א

אא(٢�٩)א،
אא،)volt(אאא

א)amper(אאא
אאK 

אF٢-٢Eא
א،F٢ J٢Eאא،
א)np( −אK 

אאאא
   א  ،א אא א
،אאאאאא،

אW 

I
VR

J
E

=

=ρ
 

א)R()L()A(א
)(ρ( ))A/L(R ρ=אא،)L/RA( =ρ،

                                                 
F١Eאא(I/V)אK 



א ١١٧ אא 

אאאאא אא 

 

‐٥٤ J 

אא)E(
r)L/V(אאF٢-٣E،

אW 

A
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L
V

=

=  

אאאאאא(V,I)،
،א

(ohm-meter)אאא،K 

אאא--،אאא
אאW 

١-אאאא،
FאEאא،

אFאKE 

٢-אא،(٢�٩)
 

(R = V/I)،(R)אאא(V)K 

٣-אא،(٢�١١)
א(ρ =E/J)،(ρ)אאא

א(E)K 

F٢-٢EExample 

   (٢ m) (٨ mm) א  ،
)m.10756.1( 8 Ω−×K؟א 

אSolutionW 



א ١١٧ אא 

אאאאא אא 

 

‐٥٥ J 

A
LR ρ=  

(A)א،אא
א،אW 

2rA π=  

r = ٤ mmאK 

Ω

Ω

π

02.7R
m1003.5

m2m.10756.1R

m1003.5)m104(A

25
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2523
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×=

×=×=∴

−
−

−−

 

F٢-٦EExample 

)35.3( Ωאא)C20( °،
 אא   )C50( °אא א    א ،W

)K1026.4( 14 −−×=αK 

אSolutionW 
)t1(RR ot ∆α+=  

W 
C 50t R R °=  

אא    Ω3.35RR C20o == ° 

Ω

Ω

α

∆

392.3

)K30K1026.41(35.3R
K1026.4

K30)293323(C)2050(t

14
C50

14

=

××+=

×=

=−=°−=

−−
°

−−

 

،אא
אאאW 

١-א)P(אא
)V(W 



א ١١٧ אא 

אאאאא אא 

 

‐٥٦ J 

IVP =        FאE
 (٢�١٧) 

)P(אpower،)I(אאאא
،א)V(אpotential defferenceאאK 

٢ -،אאאא
א،אאW 

R
VIRP

2

==  

 אא  א )watt(   ،     ،
،אאאאW 

FאאE   )s1/J1(W1 = 

)P(אאאאאresistive 

dissipation (R)אאא،
אions latticeאא

אאא،אK 

٢- ٦ אאאאאResistors in Series and in ParallelW 
،אאאא

אאא אא
،אאK 

אאאאin senriesא
،אאא

אאא،א،א
ammeter،אאאא،W 

I = constant 
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אF٢-٦E،W 

 
אF٢-٦Eאאin seriesא،(V) 

)R,R,R( 321אאא)I(،
אאא)V,V,V( 321،W 

321 VVVV ++=  

אא)I(W 

I
V

I
V

I
V

I
V 321 ++=  

W 

321eq RRRR ++=     FאאאאE
 (٢�١٨) 

  W א א  א א א 
אאאK 

 אא  א     in parallel א
אא(I)א

אא،אF٢-٧KE 
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‐٥٨ J 

 
אF٢-٧Eאאin parallelא(V) 

    ،אא  א     א
אאא

،אאאאאאW 
321 VVVV ===  

אא(I)אאאW321 I,I,I 

W 

321 IIII ++=       F
אE   

אאאא(V)W 

V
I

V
I

V
I

V
I 321 ++= �

�
 

321eq R
1

R
1

R
1

R
1

++=     FאאאאE

 (٢�١٩) 
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Wאאאא
אאאאאא
،،אא

אאאא،אK 

F٢-٧EExample 

אאאאאF٢-٨KE 

 
אF٢-٨Eא،F٢-٧E 

אאאאא؟ 

אSolutionW 

אאאאא
א،،אא

(r)א،אאאאא،(٣ 

Ω)(٧ Ω)،אאW 

21
10

7
1

3
1

R
1

eq

=+=  

אאK 

Ω1.2
10
21Req ==  

א א   א (٢ Ω) ،אא 
אאאאאאאW 
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Ω
ΩΩΩ
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=
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אאאאW 
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I
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 

٢- ٧ אאאElectric Circuit EquationW 
؟אאאא 

א،אאF٢-٩Eאא،
K 

 
אF٢-٩E 

  א   א   א א  
אאאK 

١ -אאאאא(r)K 
IrVr =  

٢ -אאאאexternal resistorא،
אK 

IRVR =  

אאאאאא)fmE(ξ،
אאא(a)W 



א ١١٧ אא 
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‐٦١ J 

0IRIr =−−ξ      FאE  

IrIR +=ξ          

 (٢�٢٠) 

אWאאאאא
،אאאאא

אאWאאא
،אאאא

אאאאאK 

 

،אאאא
אאאאאW 

)( Rr
I

+
=

ξ       Fאא

אE  (٢�٢١) 

אאאאא(a)א
אאאאאאאF٢-١٠KE 

 



א ١١٧ אא 
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‐٦٢ J 

אF٢-١٠E 

אאW 
IrVV ab −=− ξ         

 (٢�٢٢) 

 א   א ،א(٢�٢٠) א א א(I)
W 

rIRII 22 +=ξ          

 (٢�٢٣) 

  א א א א 
אresistive dissipationK 

אאאאא
 א  אא  א א א  (٢�٢١)

אאאW 

R
I

Σ
Σ

=
ξ          

 (٢�٢٤) 

  (ΣR)א  אא א  
אאאאK 

F٢-٨EExample 

אאאאא)V24( =ξ،
א1(אr( Ω=K 

١ -אאאאאאKאא
)7( Ω=rK 

٢ -אאאK 
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‐٦٣ J 

٣ -אאK 

אSolutionW 

١ -אא(٢�٢١)אW 

A3
)71(

V24
rR

I =
+

=
+

=
Ω

ξ  

٢ -אא(٢�٢٢)W 

V21)1)(3(24
IrVV ab

=−=
−=− ξ

 

٣ -אW 
watt72324IP =×== ξ  

F٢-٩EExample 

אאאאאF٢-١١KE 

 
אF٢-١١E 

١ -אאאאאK 

٢ -אא(a)(b)K 

אSolutionW 



א ١١٧ אא 
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‐٦٤ J 
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W 
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٢- ٨ אאSuper ConductivityFEW 
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אאאKammerlingh Onnesאא
אאאאא(٤K)،

אאF٢-١٢KE 

 
אF٢-١٢Eא 

אאא(٤ K)א 

אאא،א
אאאsuper conductivity

אא(I٢R)אאא(W = I٢Rt)א
Kאאא

אא(٢}٧ K)אאא،
אאאאאאK 

אאאאsuper conductivity
١٩٨٦אאCeramic،،

אאא(١٢٢ K)K 

אWאאאא
אאאאאlow temperature،

אא،אאאא
אא
אאאא،אא

W J 
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(٧٧ K)K 

 

 
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‐٦٧ J 

א 
Summary 

 
אאאElectric Current IntensityWאא •

(q)אאאא(t)אא،
אא(I)،W 

)s(t
)C(q)A(I = 

• אאElectric Current densityWאאא
(q) א   א(A)א     ،א  

אא(I)אא(A)א،W 

)m(A
)A(I)m.A(J 2

2 =−
r 

• אResistanceWאאא(V)
אאא(I)W 

)amper(I
)volt(V)ohm(R = 

 א א  )R( eq א א  
אאאW 

...RRRR 321eq +++=  

אא)R( eqאא
אאאW 
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•  אOhm W  א א  א   (SI) ،
אא،א

אאK 

•  א אResistivity W א א     
א،אK 

)m(L
)m(A)(R)m.(

2

ΩΩρ = 

• אאאאHeat Coefficient of resistonceWא
אאאאK 

)k(T)(R
)RR()K(

o

oT1

∆Ω
Ωα −

=− 

• אאDrift VelocityWאא
אאאאK 

)C(e)m(n
)mA(J)s/m(v 3

2

d −

−

= 

• אאאאElectro motive forceWאא
אא،אאאאא

א؛אK 

• Kirchhoff’s rulesW 

١-אאWאאאא
אאא،אאאא

אא،אWאא
אאאאאאאK 
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٢-אאWאאאאאא
،אאאא

אאWאאא
אא،אאאא

אאאK 
∑∑ = Vξ 
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אאא 
Self Test Exam 

 

אא،אאאא
،אאאאאאאא

אאK 

אאאאW 
א(٩}٠ mm)א(٣}١ 

A)Kאא)v( d
rאא

אא)m(1047.8 328 −×K 

אאאאW 
)12R( 1 Ω=)5R( 2 Ω=א،אא

אF٢-١٣Eאאא،)V18( =ξאא،
)1r( Ω=K 

١ -אאאאאK 

٢ -אאK 

٣ -אאאא
אK 

 
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אF٢-١٣Eאאאא 

אאאאW 
אאאאאF٢-١٤WE 

 
אF٢-١٤Eאאאא 

אאאאא؟ 

אאא؟ 

אאאאאW 
    )m10(    )mm5(  ،

  א)m.1062.1( 8 Ω−× ، א  א 
)m109.5( 328 −×אא،)A5.1(،

W 

١ -אאK 

٢ -אאK 

٣ -אאאאK 

٤ -אK 

٢ -FEאאK 
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אאאאW 
אאאאאF٢-١٢E،

אא)V22(،K 

 
אF٢-١٢Eאאאא 

١-אאאאאאK 

٢-אאאאא)R( 3K 

٣-אאא)R( 4א،
)m1(،)mm2(K 

Wאאאא
אאאאא،אא

אאאFEK 
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אא 
Unit TowExercises & Problems 

 

٢- ١ אאאאאF٢-١٦KE 

 
אF٢-١٦E،F٢-١E 

אאאאא؟ 

٢-٢ (١٢ Ω)(٤}٢ Ω)،אא
אא 

(r = ٦}٠ Ω)אא(ξ = ٧٢ V)W 

١ -אאאאאK 

٢ -אאא(٤}٢ Ω)K 

٣ -אאא(١٢ Ω)K 

٤ -אאאאאK 

٢-٣ אא(٤١}١ V)א،(٢ A)،
אאאאא(١.٢٩ V)

אא؟ 
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٢-٤ אאא(٢ Ω)،
אאאאאא(٤ A)،

אא(١٠٠ V)؟ 

٢-٢ אאא(١٢٠ V)א،(١١٠ V)،
אאאא(٢٠ A)؟ 

٢-٦ אא،אא،
)102( 8×،אא

א)s/m101( 5×אא،
(J)K 

٢- ٧     א  (١.٢ mm)א    ،
)A104.2( 8−×،W 

١ -אא(J)K 

٢ -אאאאאK 

٢-٨ אאאא،א
)cm70.8( 3−)s/km470(K 

١ -אא(J)אK 

٢-אאאא
אאא،אאא

אKא)m1037.6( 6×K 

٢- ٩ ،א   (٢٦ cm٢) Kא
(١٠ km)אאאא

resistivity(١٠�٧ × ٣ Ω.m)K 
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٢-١٠ ،א(٠.٢ mm)،
(٤ m)،resistance(٢٢ mΩ)Kאאא

אK 

٢-١١ (٦ Ω)אא،
אאK

؟אאK 

٢-١٢ אאא(٩ V)(٧ W)،
(٤ h)K؟אאאאא

K 

٢-١٣ א(٣ A)אאאא
אא(١٠٠ W)אאאK 
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א 
Optional Problems 

 

٢-١ אא(٢٠ 

Ω)אא(٢٠ °C)א،(٢٨ Ω)
אאאא،

אא)m.1069.1( 8 Ω−×אא،
)C20( °)K103.4( 13 −−×אאK 

٢-٢ alpha particlesאא(q = ٢e)،
א(٢٠ MeV)،א(٢٢}٠ 

A)K 

١ - ،       א  א
אאא(٣ 

s)؟ 

٢ -(٢٠ cm)K 

٣ -אאא
אא)MeV20(K 

WJ106.1eV1 19−×=K 

٢-٣ אא(٢}١ V)(٣٣ m)
(١}٠ cm)،W 

١ -אאאאאK 

٢ -אאאאK 

٣ -אאאאK 
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٤ -אאאאאאאK 

 W א א    א א
)m.1069.1( 8 Ω−×K 

 

 

 

 

 
 



 

‐١ J 

 

  

אאאא  

٣




א



א





א





א
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אא 
אא 
Magnetic Field 

 
٣- ١ אIntroductionW 

אאאא)B(
rא

،אאא،אא
א،אאא

אpermanent magnet؟ 

אאאאאאאאאא
אאאאאאאא،

electromagnetאאאאאאאאא
אאאאKאאאאא

אאW 
FE  moving charge  ↔↔ B

r FE  moving charge 

،אאאאW 
FE  moving charge  ↔↔ B

r FE  moving charge 

אאHans Chrictian Orested،א
١٨٢٠،א

אאאאאK 

א،אאאא
אK 
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‐٨١ J 

 

אאאא،אאא
،אאאא،אא

אאFEאא،W 

١ -   ،א אא  א א  
אאאאK 

٢ -אאאK 

٣ -אאא
K 

٤ - Jאאא
F،א

אאאאEK 
٥ -אאאא

אא،K 
٦ -אא،אאK 

٣- ٢ אאThe Magnetic Field (B)W 
אאאאא)E(

r(q)
אאאא)q( o،אא

)F(
rא)F(

rאאW 
EqF
rr

=           (٣�١) 

אא)B(
rאא،אא

K 

אאאאא،
אאאאא،אKא



א ١١٧ אא 

אא  אא 

 

‐٨٢ J 

אאאאאKאא
אא)B(

rאאא،
אאא)B(

r(q)،)v( rא،)F( B

rא
אאאאאא(q)،W 

BvqFB

rrr
×=           (٣�٢) 

אא)F( B

rאאcross product،)B(
r

)v( r،FqEא،א،،אא
א(٣�٢)؟ 

١ -אא)F( B

rאאאא)v( r
אא)B(

rא א א  ،א
אאא א)B(

rא،F٣- ١،،E ،
אאאא)F( B

rאא،W 

אאF١EאאאF٣-١،،Eאאא،
אאא)v( r ،אאא

 א)B(
r א א  ،)F( B

rא ،א א   א  
א،אF٣- ١Eא،אאא،

 F٣-١E،אאאא א،
אK 

٢-א،אאאאא
parallel or antiparallel،אF٣-١EW 

θsinBqvFB =
r

         (٣�٣) 

(θ)אאאאאK 
٣ -אdeflecting forceW 

                                                 
F١Eאאא،אאאאאאאאאאK 



א ١١٧ אא 

אא  אא 

 

‐٨٣ J 

qvBF maxB =
r

          (٣�٤) 

אא(θ = ٩٠°)K 
٤ -אא)F( B

rא(q)FvEK 

٥ -א)F( B

rאא،אאF٣- ١،KE 

 
אF٣-١،،E 

-(q)(v) 
FB

rE،FBF
rEK 

-אא(v)(B)K 
-א(-q)אFBF

rEא
FKE 

 א א  )B(
rא א(SI)אteslaא ،

א(٣-٣)אאW 

FאאE         
qv
FB B= 
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‐٨٤ J 

m.A
N1T1

)meter)(ondsec/Coulomb(
Newton1

)ondsec/meter)(Coulomb(
NewtonT1tesla1

=

=

==

 

W 

ondsec
CoulombAmpere = 

א א  א    א א   א א 
אאאא،אא

אאK 

אאאGaussא،
אאאGauss meterK 

١ T = ١٠٤ gauss 

  א א    א (SI) K א א  
אאא،F٣-١KE 

אאאאא
אאאא،אא

אאאK 

١٠٨ T אא at the surface of a neutron star (calculated) 

٥}١ T א an electromagnet 

١٠�٢ T א near a small bar magnet 

١٠�٤ T אא at the surface of the earth 

١٠�١٠ T אאא in intersteller space 

١٠�١٤ T אsmallest value in amagnetically shielded room

אF٣-١Eאאאא 
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‐٨٥ J 

F٣-١EExample 

אאא)mT2.1B( =אא،، 
אאF٣-٢E،)MeV3.5(א

א،אאאאא،א
)kg1067.1m( 27

p
−×=K 

אSolutionW 

אא)F( BאW 
FB = qv B sin θ 

 
אF٣-٢E، 

،אאאא 

אא،אאW 

2
v)kg1067.1()eV103.5(

vm
2
1K

227
6

2
p

−×
=×

=
 

W 

N101.6

)90)(sinT102.1)(s/m102.3)(C106.1(F
s/m102.3v

)kg1067.1(
)eV/J106.1)(103.5)(2(v

15

3719
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7
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196
2

−

−−
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−

×=

×××=
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‐٨٦ J 

  

٣-٢- ١אאMagnetic Field LinesW 

א    ،   א א   
 א א  ،אF٣-٣Eאא   ،

(S) south poleKאא(N) north ploeאאא 

אאאאאאW 

١ -אאאאאא)B(
rK 

٢ -א،אאאאא
אאאאא،אאא
א،א،אאא

א(θ)،אא)B(
rK 

٣ -אאאאאK 

٤ -،אא א א  א  א   א א 
אאא،אאאאא،אא

אאאK 

 
אF٣-٣Eאא، 
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‐٨٧ J 

אאא(N) 
אא(S) 

٣- ٣ אאא 
The Magnetic Force On A Current-carrying WireW 

א،אאאאF٣- ٤KE 

אF٣- ٤Eא،אאאא(I)،
(L)،(A)א،(B)אא،

אאאאאאK 

 
אF٣-٤Eאאא 

אF٣- ٢Eאא)F( B

rא(q)
)v( rאא،(٣-٣)א،W 

BvqFB ×=
r  

אאאאאW 
)LA(enq =  

אא(A)(L)،(LA)،
אא(n)،(e)א،א،אא

אאאW 
θν sinB)LA(enFB =         (٣�٥) 
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‐٨٨ J 

אא( v = L / t ))t/ALneI( =אא،(٣�٥)
W 

θsinILBFB =  

אאW 

BLIFB

rrr
×=      FאאאE  (٣-٣) 

אאא،אאאאא
א،א)L(

rאאאK 

אאאא،
א(٣-٣)אאאאא،

אאא،אאאא)F( B
אאW 

BLIddFB

rr
×=  

)Fd( B

r)Ld(
rאאא)F( B

rאא)L(
rK 

F٣-٢EExample 

(٥}٠ m)א(١٢ A)אא(٣٠°)،
א)T102( 2−×אאאא،

אK 

אSolutionW 

אאא(٣�٥)W 
θsinILBFB =  

W 
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N06.0
30sin)T102)(m5.0)(A12(F

30
T102B

m5.0L
A12I

2
B

2

=
°×=

°=
×=

=
=

−

−

θ
 

F٣-٣EExample 

)B(
rא،(٠}٢٨ A)K

אאאא)B(
rאא،א)F( B

א(mg)א،F٣- ٥Eאאא،F١Eא(٤٣.٣ g/m)K 

אSolutionW 
אF٣- ٥Eא،(mg))F( B

א(٣-٣)،W 

T106.1
)A28)(m1(

)s/m8.9)(kg106.46(
LI
mgB

LIBmgF

2

23
B

−

−

×=

×
==

==

 

אא)kg106.46( 3−×אא،
 א   א א א   א  ،אא    א

אK 

 
אF٣-٥Eא،F٣-٣E 

                                                 
F١Eאא،אאאא(SI)( kg / m )K 
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‐٩٠ J 

٣- ٤ אאאF J JEW 
WBiot-Sarart law, Magnetic Field Du To ACurrnet 

אאאאF-EBiot-Savartאא
א،א،אאאF٣-٣KE 

 
אF٣-٣E 

אF٣-٣Eאאא(dL)
א(I)א،(dB)א(p)א(r)א

אKאאאאאא(dB)א
אאFdLEאאאא(p)،

אאW 
dB ∝ 2r

1  

dB ∝ I 
dB ∝ sin θ 
dB ∝ dL 

(θ)אא(dL)אאאאFdLEא(p)W 

dB ∝ 2r
sinIdL θ  

،אאאW 

2
0

r
sinIdL

4
dB θ

π
µ

=       F JE  (٣�٧) 
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‐٩١ J 

)( oµאאpermeabiliy constantאא،
W 

A/m.T1026.1

A/m.T104
6

7
o

−

−

×≈

×= πµ
 

אF٣-٣Eאאא(dB)،אא
אאא)rdL( ×(r)אאאאא

(p)א،א(٣�٧)אאאW 

3
0

r
rLd

4
I

dB
rr

×
=

π
µ

         (٣�٨) 

אא(٣�٧)אא-אא،
،אאK 

F٣-٤EExample 

אאאא-אאא
،א(p)FrEא(I)K 

אאF٣-٧KE 

אSolutionW 

אאאאא(I)
 א    ، (r)  א  אא  ،- ،
אאאאF٣- ٧KE 
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‐٩٢ J 

 
אF٣-٧Eאאא 

א(p)אאאאא
א،אאא(∞ - ٠)א(٣�٨)،

אF٣-٤WE 

3
o

r
rLId

4
Bd

rr
r ×

⎟
⎠

⎞
⎜
⎝

⎛=
π
µ

 

 א)r( r א א א (p) ،
אא)rLd( rr

×אאא)Bd(
rא،W 

2
0

r
sinIdL

4
dB

θ
π
µ

=  

W 
θsinrdLrdL =×  

א،אא אאאא 
א،אאW 

∫∫
∞

==
0 2

0

r
dLsin

2
dBB

θ
π
µr

 

אF٣-٧EW 



א ١١٧ אא 
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אא،،אאאאא
،אא،،-אא-

אאאא Jא،W 

∫ = Ids.B oµ
r

          (٣�٩) 

אאא،אאאא
(R)،W 

R2
IB

IBR2

BR2dL.B
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π
µ

µπ

π

=
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=∫
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אאאאאאא-K 

אאאא(∞ - ٠)אא(٠ - ∞)،
אאאאא(+∞, -∞)אאW 
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W(dL)(-∞ -∞)אא(٠ - π)K 

 א א (٣�٩) ،א  אא  ،    
،אא אאא א

אאK 

F٣-٥EExample 

אאאא(I)
א(r)K 

אSolutionW 

אאW 

∫ = ILd.B oµ
rr

 

  א ، א אא
،אFrE،W 

I)r2(B

r2dL

oµπ

π

=

=∫  
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‐٩٥ J 

r2
IB o

π
µ

=       אE  B Fא  (٣�١٠) 

٣- ٥ אאThe Magnetic Field of SolenoidW 
אF٣-٨ Eא אא

  (n)  א  א     ،א(I) א    ،
אאאאK 

 
אF٣-٨E 

אא)B(
r

אאא،א
(abcd)א)I( oאאאKאאא

אאאאK 

∫ ∫ ∫ ∫ ∫+++=
b

a

c

b

d

c

a

d

dL.BdL.BdL.BdL.BdL.B
rrrrr

 

)B(
r(bc)(da)אאא،(٩٠°)

(cos ٩٠)אאא،א(B = ٠)،
א(ab)(cd)אאא)B(

rא،אW 

∫ ∫ ==
b

a

d

0

hBdL.BdL.B
rrr

 

(h)א(ab)FcdEאאא،
FnEאאאא،W 

∫ ==

=

hnIhBdL.B
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‐٩٦ J 

nIB oµ=
r

          (٣�١١) 

אא(٣�١١)אאidial solenoid
Kאאtoroidאא(I)א(N)

אאאאW 
NI)r2(B oµπ =

r
 

r2
NIB o

π
µ

=       E  B Fא  (٣�١٢) 

אא(٣�١٢)،אאא(r)،
K 

٣- ٦ אאאInteracting force-two parallel currentsW 
א א א אאא אא

،א،אFdEא،(Ia)(Ib)א،
אF٣-٩KE 

 
אF٣-٩E 

אאאאאאא
אא،אK 

 א  א א   (b) א א )B( aא  ،
א)B( aאא(b)W 

d2
I

B a0
a π

µ
=           (٣�١٣) 
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‐٩٧ J 

אא،אאאאF٣-٩E،א
אא)F( baאא(b)אאא،(٣�٥)،W 

abba B L I  F ×=           (٣�١٤) 

אF٣-٩E(L))B( aאאא،א 
(٣�١٣)(٣�١٤)W 

d2
IIL90sinBLIF ba0

abba π
µ

== o  

d2
LII

F bao
ba π

µ
=      FאאE  (٣�١٥) 

אא)F( baאא)BL( a×،
אאא)F( baא(a)K 

אאא(a)א،א
א(b)אאא،אאאא،א،

،אאאאW 

אאאאFאEאאאא،א
FEאK 

F٣-٣EExample 

 א F٣-١٠ E      א   (d)
אא)I,I( ba،W 
A15I,A32I,cm3.5d ab ===  

אא،א،אאאא
(٤٠ m)K 

אSolutionW 
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 
אF٣-١٠Eאא 

אF٣-١٠KE 

אאא(١٥-٣)،W 

N1024.7
)103.5(2

)40)(32)(15)(104(
d2

LII
F

m.T104
m40L,cm3.5d
A32I,,A15I

2

2

7

Bao
ab

7
o

ba

−

−

−

−

×=

×
×

=

=

×=

==
==

π
π

π
µ
πµ

 

،אא،אאאK 
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א 
Summary 
 

• אאmagnetic fieldאא،אאא
אאא،אאאאא

א א אא ،א אא (SI)،
אאאאאאא(٩٠°)אW 

m1.A1
N1

s1
m1C1

N1T1

qv
FB B

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

=

 

• אאא)L()I(
א)B(W 

BLIFB

rr
×= 

• -Biot’s-Savart lawW 

3
o

r
rLd

4
IdB

rr
×

=
π

µ 

،אאאאא
אאא،)I(אא

אאK 

• Amper’s lawW 

∫ = ILd.B oµ
rr 

א ،אאא 
Amperian Loopאאאא،W 
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١ -אאאא)r(W 

r2
I

B o

π
µ

= 

٢ -אאW 
nIB oµ= 

)n(אאK 

٣ -אאW 

r2
NI

B o

π
µ

= 

)N(،אא)r(אאאK 

• אאאאW 

d2
LIIF bao

ba π
µ

= 

)L(،א)I( a،אאאא)I( b،אאאא
)d(אאאK 
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אאא 
Self Test Exam 

 

  א א  א  א ، א א  א א 
،אאאאאאאK 

אאאאW 
אאאא،א

)m103.5( 11−×)3.1v10s/m( 6 =×Kאא
א،אאK 

Wא)kg1011.9m( 31
e

−×=،)c106.1q( 19−×=K 

Wאאאאאא
אאאאאא،אאFEK 
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אא 
Unit ThreeExercises & Problems 

 

٣-١ א(٢٣�))mT6.2(
)N105.6( 17−×K 

١ -אK 

٢ -אאא)eV(K 

٣-٢ )A4.4(،
א،)T5.1(אאא،

אK 

٣-٣ solenoid)cm95()cm2(،(١٢٠٠)א
F٣}٣AEKאאאאאK 

٣-٤ (٢٠٠)،)cm25()cm10(א،)A3.0(K
אאאK 

٣-٥ )cm13()cm6.2(א)A18(Kאאא
א)mT23(KאאאK 

٣-٣ אtoriod)cm5(،
אא)cm5.1(،(٥٠٠)א)A8.0(K 

١ -אאאאאאאK 

٢ -אאאאאאK 
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٣-٧ א،
)m1012( 2−×،א)A40(א،

א،אאK 
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א 
Optional Problems 

 

٣- ١ אאW 
j)s/m103(i)s/m102(v 66 ×+×=

r  

א 
j)T15.0(i)T03.0(B −=

r
 

١ -אאאאאאK 

٢ -אF١EאK 

٣- ٢ אW 
j)s/km35(i)s/km40(v +=

r  

אW 
j)N108.4(i)N102.4(F 1515 −− ×+×−=

r
 

 

 

 

 

 

 

 

 

 
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אFEAppendix 
אאאPhysical Constants 

א אאא 
אאאabsolute zero temperature K0  C15.273 °−  

אא
אא

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 ×  
אא 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−×  
אא permittivity of space oε  m/F1085.8 12−×  

אא permeability constant oµ  A/m.T104 7−×π  

אConversion Factors 
١אאatomic mass unit = 227 c/MeV5.931kg10661.1 =× −  
١electronvolt = J10602.1 19−×  
١Joule = m.N1  
١Joule = C.V1  
١coulomb = )unitseargchelementary(10242.6 18 ××
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אאאMathematical SignsW 
= > ≤ 
≠ ≥ << 
≅ >> ≈ 
≡؛<  

א١٠Arithmatic Power ofW 

( ) abba

baba

baba

1010
1010/10

101010

=

=

=
−

+

 

אAlgebraW 
• אFractionsW 

bd
bcad

d
c

b
a

bc
ad

d
c
b
a

bd
ac

d
c

b
a

cd
b

d
c
b

c
ab

c
ba

+
=+

=
⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛

=⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛

=
⎟
⎠
⎞

⎜
⎝
⎛
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⎠
⎞

⎜
⎝
⎛

 

• אאאW 

א0cbxax2 =++،
a2

ac4bbx
2 −±−

=K 



א ١١٧ אא 

אא  אא 

 

‐١٠٧ J 

א0x2x2 =++ γβ،γββ −±−= 2xK 

אTrigonometryW 
• אאאDefinitions of trigonometnc FunctionsW 

אאאinverse functionsWאFθEθsinu =،FuE
usinarc=θ،F-١uEusin 1−=θKאאאאW
ucosarc،utanarcאK 

 

y
x

tan
1ctn

x
y

cos
sintan

x
r

cos
1sec

r
xcos

y
r

sin
1csc

r
ysin

====

===

===

θ
θ

θ
θθ

θ
θθ

θ
θθ
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1
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• אProperties of a triangleW 

γβα

γ

β

α

πγβα
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c
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b
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a
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cosca2acb
cosbc2cba
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⎠
⎞

⎜
⎝
⎛ =
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• אאאTrigonometric functionsW 



א ١١٧ אא 

אא  אא 

 

‐١٠٩ J 

 
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