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‐١ J 

אא 
אא 

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 J 

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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‐٣ J 

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 
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‐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 
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‐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∝ 
2

r

1
           (١�٣) 

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

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

2

21

r

qq
F ∝           (١-١) 

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

2

21

r

qq
kF =  

(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

Fr
k

 

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

1
k

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

1
F

επ
=  

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

2

21

r

qq
kF =       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 

WWW.DZPEN.COM  |  ������� ��	



א ١١٧ אא 

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

 

‐٩ J 

N8.1
)1020(

)104)(102(
109F

N9
)1020(

)104)(1010(
109F

22

66
9

BC

22

66
9

BA

=
×

×+×+
×=

−=
×

×+×−
×=

−

−−

−

−−

 

אא)F( BAא،אאF١- ٣E،
א)F( BCאאאK 

2.74

)54.3(tan

54.3

2.2

79.7

F

F
)tan(

N09.8)F()F(F

N79.7F

N2.28.14FFF

N79.760sinFF

N5.460cosFF

1

o

x

y

2

y

2

x

y

BCx,BAx

BAy,BA

BAx,BA

=
=

=

=

∑

∑
=

=∑+∑=

=∑

=−=−=∑

==

==

−θ

θ  

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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‐١٠ J 
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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

F
E

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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‐١١ J 

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

1
F

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

F
E

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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‐١٢ J 

 

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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‐١٣ J 

  

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

1
E

2

0πε
=

r
 

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

2r

q
kE =     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 

C/N109.2E

)m108.6(

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

r

eZ
k

r

eZ

4

1
E

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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‐١٤ J 

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(q
o
)(A)(B)K 

VBWאאאBK 

VAWאאאAK 

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

o

AB

o

AB
q

UU

q

U
VV

−
==−

∆
 

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

r

qq

4

1
r

r

qq

4

1

r.FW

o

o

2

o

o πεπε
==

=
 

(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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‐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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‐١٧ J 

r

q

4

1
V

oπε
=  

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

r

q
kV =      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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‐١٨ J 
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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
0
ε           (١�١١) 

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

EdV =           (١�١٥) 
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‐٢٠ J 

 
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

A
C oε=           (١�١٦) 

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

d

A
C 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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‐٢١ J 

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 

F١-١٠Eאא،،אא
W 

)CCC(VVCVCVCqqqq

VCq,VCq,VCq

321321321

332211

++=++=++=
===

 

אW 
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‐٢٢ J 

∑
=

=+++===
n

1i

i321eq ...C...CCC
V

q
CC       (١�١٩) 

(n)אאאאK 

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
אאאאאא،אא،F١-١٢،KE 

 
אF١-١٢،E 

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

-אא)C( eqא(V)אא
אא)VVV( 321 ++אא

אFEאאK 

אF١-١٢E،א
א،אאאאא
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‐٢٣ J 

،אא،אא)V,V,V( 321א،
،אאW 
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אאW 
V = V١ + V٢ + V٣ 

אאאW 
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321eq C

1

C

1

C

1

C

1
++=          (١�٢٠) 

אW 

∑
−

=
n

1i ieq C

1

C

1
          (١�٢١) 

(n)אאאאאאK 

١-١٠אאאStorage Energy In A Charged CapacitorW 
אאא(q)אא(V)א

אאאאא،0(אV( =
א0(אq( =אא)VV( =א

אאאא(q)אא،FאEאW 

V
2

1

2

0V
V =

+
=          (١�٢٢) 

(V)אאK 
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‐٢٤ J 

אאאא(q)א)V(W 

qV
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1
V

2

1
qW =⎟

⎠
⎞

⎜
⎝
⎛=          (١�٢٣) 

אאאא
אא،אW 

2
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1
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q
qV
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1
WU ====        (١�٢١) 

(١�٢١)אאאאא
אאאK 

F١-٦E 

    )PF200C( 1 = ،)PF600C( 2 =  ،אא   
א(١٢٠ volt)K 

١ -אאK 

٢ -אאK 
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‐٢٥ J 
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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 

אSolutionW 
١ -  

F102PF2C

PF2

1

PF18

)36(

PF6

1

PF3

1

C

1

C

1

C

1

12

21

−×==

+
=+=

+=

 

٢-  
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אאאW 
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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 

22
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• אאWאאאאאא??
KW 

r

q
k

r

q

4

1

q

W
)volt(V

oo

A ==
−

= →∞

επ
 

• 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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‐٢٨ J 

d

A
C roεε= 

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

...
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

1
U = 
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א ١١٧ אא 

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

 

‐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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‐٣١ J 

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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א ١١٧ אא 

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

 

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

 

‐٣٣ J 

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

 

‐٣٤ J 

אF١-١٨E 

١-٨ א(٢٠٢ cm
٢
)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 ١١٧ אא 

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

 

‐٣٥ J 

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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