
 

‐24 J 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  الكميات القياسية والكميات المتجهةالكميات القياسية والكميات المتجهة

  

ت
ميا
الك

 
هة
تج
الم

ت 
ميا
الك
 و
سية
قيا
ال

  

2



א 115 אא 

אא אא  

 

 J25 J 

אא 
אאאא 

Scalars & Vectors 

1 J2אIntroductionW 

אאאאscalarsא
אvectors،א،אא

א،א
אא،

א(x-y plane)א(x)א(y)
אאאאא،אא(x)

אcounter clockwiseא،
אא،א

אאאK 

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

אW 

1 Jאאא،אK 

2 Jאאאאא
אאK 

3 Jאאאא
אאK 

4 Jאאאאאא
אאאK 
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 J26 J 

5 Jא،א،א
אאאאK 

2 J2אאScalarsW 

 א אscalar W   א א  
W 

1 Jא magnitudeK 

2 Jmeasurment unitK 

unit،W
(5)،אא

אא؟אאאאא
Wא(5 kg)،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K 

3 J2אאVectorsW 
אאWאאא

W 

1 JאאmagnitudeK 
2 Jאdirectionאא،(xy)אא(xyz)K 
3 Jaction pointK 
4 Jaction axisK 
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 J27 J 

 א ،א א  א א force ،אא
displacement א  ، אmagnetic field א ،velocityא ،
acceleration ،אmomentum K  א א  א arrow

אאאא،
אאא؛

א،אאאאאאא،
א(10 N)אא(N-W direction)،

אא(1 N)
א א ،א  א  א  א   א

F1 J2KE 

 
 

אF1 J2Eא)( F
rא(10 N)אאאF1E 

 

אאא،
)A(

rא،א(A)
א،אאF1 J2Eא)F(

rא

                                                 
F1E،אאאאאאא،א

א(45°)א،א(135°)אאאאK 
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 J28 J 

א،(F = 10 N)אאאW
؟אאאאאאאאאאK

אאWאאא؛
אאאאא،אK 

4 J2אאאAdding Vectors: Graphical MethodW 
אאאאא
  א    ،     א

אK 
א א  א     א ،

א)A(
r)B(

rKאאF2 J2KE 

 
 
 

אF2 J2Eא)( A
r)( B

r 

 
،אאא

אאF1E)A(
r،אא

א)B(
rאאא)A(

r،
אא)A(

rא)B(
rאא،אאא

                                                 
F1E(A)אא)BAC(

rrr
+=،)ABBA(

rrrr
+=+K 
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 J29 J 

)C(
rאאאא)A(

rא)B(
r

א)A(
r)B(

r،W 
C
r

= A
r

+ B
r

         
 (2-5) 

אאF2 J2KE 

 
 

אF2 J2Eאאא 

 
 א א )C(

r א ، א 
א אא،אcosine law ،א

אא)A(
r)B(

rאאאאא
)A(

rאא)B(
rאא،?א?W 

 
)(cosAB2BAC 222 θ++= 

 
אאאאאא

אאאאא
  K         

א  ،א   אא א  K
א?אא? 

F1 J2EApplication 
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 J30 J 

 א    א  א)A(
r)B(

rא
F3 J2Eאא،)90( °=θK 

 
אF3 J2E 

אSolutionW 
אאאאא)90( °=θא،W 

47.4C
20C

20416)90(cos)2)(4(2)2()4(
)(cosAB2BAC

2

22

222

=

=

=+=++=

++= θ

 

Wא)C(
rאא،

אאאאK 

F2 J2EApplication 

אאcosine lawא،
)4B,3A( ==א 
F4 J2Eאאא،)30( °=θK 

 
אF4 J2E 
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 J31 J 

אSolutionW 

   א  א     א 
אאW 

76.6C
78.45)8660.0(24169C

)30(cos)43(2)4()3(C
)(cosAB2BAC

2
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=++=

×++=

++= θ

 

F3 J2EApplication 

אא،)N6F( 1 =
rאא،)N9F( 2 =

rא
(P)אא،F5 J2Eאא،

אאאא)120( °=θK 

 
אF5 J2E 

אSolutionW 

א א    אF2 J2Eא א ،
אאW 

N9.7
)120(Cos)9)(6(2)9()6(

)(CosFF2FFF
22

21
2

2
2

1

=

++=

++= θ
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 J32 J 

אא،
אאא،אאאא

אאא،אאא
אא)F(،אא؛א

א،אא
א)F(K 

1 J4 J2 אVectors Addition PropertiesW 

אאאW 

1 Jאאcommutative lawWאאא)A(
r)B(

v
W 

ABBA
rrrr

+=+         
 (2-6) 

 

2 Jאא אassosiation lawW א א  
FA

rB
rC

rEW، 
)CB(AC)BA(

rrrrrr
++=++        

 (2-7) 

אא)A(
rא)A(

r
−W 

0)A(A =−+
rr

         
 (2-8) 

 

2 J4 J2אVectors SubtractionW 
،אא،אאא
אאא

א)B(
rא)B(

r
−K 

 
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 J33 J 

)( BABA
rrrr
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 א   א א   )B(
v

−א 
)A(

rK 

       א א  
אאאאאK 

5 J2אFאEVectors and their ComponentsW 
אאvectorאא

אF4 J2Eא،א
אאא،אא Kא

 א א א א א    (x, y) 
 א cartesian axes  א א א 

      x-components  y-

componentsא،אאאא،W 

1 J אא א א   א א (0.0)
אאאK 

2 Jא  א א א אא א  J
 JאאK 

3 J א א א א  א א(sin) א
(cos)א(tan)،אא

אK 

 א א  F10 J2E  ، א )A(
r ،

 א א)A( x א)A( y אא)(θא א  א
א)A(

rK 
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 J34 J 

א

אאF6 J2EאW 

1 J)A( x)A( yאא)A(
rK 

2 Jא א   א   א F1E
אאא ،א א

אאKאא(a b c)א،
א)A( x)A( yא،)A(

rאאא(0,0)؛
אאK 

 
 

אF6 J2EאאFA
rEאא(x, y)א 

 

3 Jאאאא
א)A( x)A( yאאא)(θאאא

)A(
rK 

A
A

)(cos x==θ  

)(cosAAx θ=          
 (2-10) 

                                                 
F1Eאאא،،אK 
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 J35 J 

א

W 

A
A

)(sin y==θ  

)(sinAAy θ=          
 (2-11) 

א(x, y)אאאא،א
)(θK 

1 Jאא)90( °=θא،W 
0)90(cosAAx ==  

،אאאW 
A)90(sinAAy ==  

،אאא
א)A( yK 

2 Jאא)0( °=θא،W 
A)0(cosAAx ==  

א،אאא
)A( xW 

0)0(sinAAy ==  

אאאK 

אאאא،א
א א א א א،  

 אא  א)0( =θ א   ،א א א 
אאא،אK 

3 Jא(2-12)(2-11)W 

א
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 J36 J 

)(cosA
)(sinA

A
A

x

y

θ
θ

=  

x

y

A
A

)(tan =θ          

 (2-12) 

(2-12)،אא
)A( y)A( x{אאא

אא...),A,A,A( 321

rrr،W 

)A( y( )∑ yAW 
...AAAA 3y2y1yy +++=∑ 

)A( x( )∑ xAW 
...AAAA 3x2x1xx +++=∑ 

אא...),A,A( 21

rrK 

אאאאא،א)(θ،
אא 

(2-12)אאW 

∑
∑=

x

y

A
A

)tan(θ  

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

∑
∑−

x

y1

A
A

tanθ         

 (2-13) 

אאא(2-12)(2-13)
אא،אאא

אא، אא(2-

13))A/A( xy ΣΣא،אאW 
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 J37 J 

45
)1(tan

1)(tan
1

=
=

=
−θ

θ

 

אF7 J2Eאא(a b c)
אW 

 
אF7 J2Eא)A( x)A( y(a b c) 

)A( x)A( yאאאאא
 א(a b c) א  ،FA

r E א ،א    
W 

222
yx AAA += 

22
yx AAA +=         

 (2-14) 

 א א ،(2-12) א (2-13)،
א(2-14)א(2-15)K 

( ) ( )22 ∑∑ += yx AAA        
 (2-15) 

 א א  א   א  )A(
r 

 א   )A( x)A( y א  ،א )A( yΣ)A( xΣ
אK 

F4 J2EApplication 
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 J38 J 

א،א
  אא) א (22°)،אא

  א  א א   א א א F8؟ J2KE 
(215 km 

אSolutionW 
א)A(

rאא(0.0)א א ،
אא(90°-22°)،אאאW 

km215A =  

))Aאא
rאאK 

km5.80)68(cos215
)(cosAAx

==
= θ

 

אא)A(
rאאK 

km34.199)68(sin215

)(sinAAy

==

= θ
 

 
 

אF8 J2Eא،F4 J2E 
 

،אא(2-

13)(2-14)W 
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 J39 J 

( ) ( )
( ) ( )

x

y

22

2
y

2
x

A
A

)(tan

km215
34.1995.80

AAA

=

=

+=

+=

θ

 

°==

==

− 68)476.2(tan

476.2
5.80
34.199

1θ
 

6 J2אUnit VectorsW 
،אאאא،אא

אאאא)z,y,x(،אא
אKא،אאאאא

אאאאאא
אKא،אאאא

אunit vectorsאאK
אאאאא

א)k̂,ĵ,î(אא)z,y,x(א
אK 

אא)k̂,ĵ,î(،
אאאKאא

،אא)î()ĵ(אא)y,x(،)A( x
)A( yאא)A(K 

،אאאאא
אאאF9 J2KE 

אאאאא
אאאאאאW 
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 J40 J 

k̂ÂĵAîAA zyx ++=
r

        
 (2-16) 

 
 
 

אF9 J2Eאאאא 
)k̂,ĵ,î(אא 

 

אאF7 J2Eאא
אאאא)A( x

r)A( y

r
אאW 

ĵAîAA yx +=        
  (2-17) 

 

א،אאאאF5 J2KE 

F5 J2E Application 

 
א)A(

rאאאאW 
k̂3ĵ5î4A +−=

r
 

אאאW 
k̂3,ĵ5,î4 −+  
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 J41 J 

אW 
3,5,4 +−+  

אאא(x, y, z)אא،
F10 J2WE 

 
 

אF10 J2Eא)A(
rאא 

אאאאא 
 

7 J2 א א   Adding Vectors by Adding their 

ComponentsW 
א،אא)A(

r
)B(

r)C(
rאאW 

k̂AĵAîAA zyx ++=
r

        
 (2-18) 

k̂BĵBîBB zyx ++=
r

        
 (2-19) 

k̂CĵCîCC zyx ++=
r

        
 (2-20) 
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 J42 J 

אאאאאW 
xxxx CBAR ++=         

 (2-21) 

yyyy CBAR ++=         
 (2-22) 

�
zzzz CBAR ++=         

 (2-23) 

k̂RĵRîRR zyx ++=
r

        
 (2-24) 

 

 

א    )z,y,x(،אא  
W)R,R,R( zyx א    ،)R(

rא 
א)k̂,ĵ,î(K 

F6 J2EApplication 

א)R(
rאאאאW 

k̂ĵîC

k̂ĵîB

k̂ĵîA

24

233

264

+−=

−+=

++=

r

r

r

 

 

אSolutionW 

2222R

5436R
8134R

z

y

x

=+−=

=−+=
=++=

 

אW 
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 J43 J 

k̂2ĵ5î8R ++=
r

 

8 J2אאVectors ProductW 
אאאא،א

אWאא،אאKK 

1 J8 J2אאEKFDot  ProductW 

    א   א א א  
scalarא، EKF

אאא،W 
( )θcosBAB.A =

rr
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  )A(
r)B(

r ،א א )(θאא 
אF1E،FBdotA

rrEאא،F11 J2KE 

 
 

אF11 J2Eאא)A(
r)B(

r
 

 

 

 W   אא  א ،א  )90( °א 
،אאא  אא، אאא 

                                                 
F1Eאא( θ )א?אאא?אאאא( 360° 

- θ )K 
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 J44 J 

  א  ، אא אא    
אאK 

אאאאא
אאא،אאW 

1 J       
1)0(cos11)(cos11î.î === θ 

2 J        
 0)90(cos11ĵ.î == 

3 J        
 0)90(cos11k̂.î == 

אאאW 
1kji ===  

א  אא ، א      אא  
אK 

4 Jא   א א     
אאאאW 
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k̂AĵAîAA
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א  א א  א  F7א J2Eא  ،
אאאdistribution lawK 

F7 J2EApplication 
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 J45 J 

אאא)(θא)A(
r)B(

rאאאW 
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W 

6)0)(12()0(8)0)(9()1)(6(
)k̂3).(ĵ4()î2).(ĵ4()k̂3).(î3()î2).(î3(

)k̂3î2()ĵ4î3(
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אW 

3330
18

6 .)(cos −=
−

=θ  

θ = cos-1 (-0.333) = 110° 

אאא)A(
r)B(

r)110( °=θK 

 

 

2 J8 J2אאFXECross Product 

אאאאא
vectorאא،،א،

א،אאאא
אאאאW 

)(sinBACBA θ==×
rrr
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(C)،אאאא)(θאאא
אא)A(

r)B(
rאא،F12 J2E،FBcrossA

rrEK 

 
 
 

אF12 J2EאאאFA
rEFB

rE 

 

))Cאא
rא،אאא

אF12 J2Eאאא،
אא،א،א)A(

אאא)B(אאאא،אאא
)C(אאא،W 
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rrrr

×−=×        
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אאאאאא
אאW 

)k̂BĵBîB()k̂AĵAîA(BA zyxzyx ++×++=×
rr

    
 (2-28) 

)BA(
rr

×אdistribution law،
אאאאאא
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 J47 J 

אא)z,y,x(אאאא
א،אWאא

)î()ĵ(אW 
)(sinjiĵî θ=×  

W 
1ji ==  

אא)90( °=θאאא،)k̂(א
אאאא)î()ĵ(אW 

k̂)k̂(1)90(sin11ĵî ===×  

אאאאאאא،אא
)k̂(א)z(KW 

k̂ĵî =×          
 (2-29) 

îk̂ĵ =×          
 (2-30) 

ĵîk̂ =×          
 (2-31) 

אאאאאא
F13 J2KE 

 
 

אF13 J2Eאאא(i)(j)(k) 
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 J48 J 

F8 J2EApplication 

אאאאW 

k̂îB

ĵîA

32

43

+−=

−=
r

r

 

אאWBAC
rrr

×= 

אSolutionW 

k̂8ĵ9î12C

)î(12)k̂(8)ĵ(90

)k̂3ĵ4()î2ĵ4()k̂3î3()î2î3(

)k̂3î2()ĵ4î3(BAC

−−−=

−−+−+=

×−×+×+×−=

+−×−=×=

r

rrr

 

אאאא،אאא،
אW 

0=×=×=× k̂k̂ĵĵîî        
 (2-32) 

W 0)0(sin11îî ==× 

)ĵĵ( ×)k̂k̂( ×K 
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 J49 J 

א 
Summary 

 
• אאWאאא

 א       ، א
אאאא؛אK 

• אאWאאא
אK

אאאאאאK 
• א א    Wא     

אא  א  א   א
אאאW 

∑
∑

∑
∑

=

++=

++=

x

y

y2y1y

x2x1x

A
A

)tan(

...AAA

...AAA

θ

 

א  W א א א      
אאאאא)k,j,i(אאW 

kCjCiCC

kBjBiBB

kAjAiAA

zyx

zyx

zyx

++=

++=

++=

r

r

r

 

   אא   ،אא   א א  
אא،א

אאW 

kRjRiRR zyx ++=
r 



א 115 אא 

אא אא  

 

 J50 J 

•  א  W    (B, A)  ،
אאW 

)cos(AB2BAC 22 θ++=
r

 
)A(،אאאא)B(،אאאא

)(θאאאאK 
• אאWאא)A,B(

אאW 

)cos(BAB.A θ=
rr 

 A ،א  א א B א אא
،א)(θא،אאאK 

• אאWאא)A,B(
אאW 

)sin(BABA θ=×
rr 

אא)C(
rאא

א)A,B(،אאאא
אאאאK 



א 115 אא 

אא אא  

 

 J51 J 

אאא 
Self Test Exams 

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

אאK 

אאאאW 
)F,F,F( 321

rrr)m(אא،F14 J2KE 

1 JאאאאK 

2 JאאK 

 

 

 
 
 

אF14 J2Eאאאא 

 
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 J52 J 

אאאאW 
אאx-componentאא،y-component

אאאאF22 J2KE 

 
אF15 J2Eאאאא 

אאאאW 
אאאאא

אF15 J2E،W 

1 Jאאא∑ xFK 

2 Jאאא∑ yFK 
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 J53 J 

3 J  א   ،א    
אK 

אאאאאW 
א)A(

r)B(
rאאאW 

ĵ3î3B

ĵ3î2A

+−=

+=
r

r

 

W 

1 Jא)A3(
rא،)B2(

rK 

2 Jאאאא)A(
rא)B(

rK 

3 Jא)BA(
rr

+א)BA(
rr

−K 

4 Jאאא)(θא)A(
r)B(

rK 

5 Jאא)B.A(
rrK 

6 Jאא)BA(
rr

×K 

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

אאאFEK 
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 J54 J 

אא 
Unit Two Exercises & Problems 

 

1 J2 אאא)A(
r(7)אא،א

(250°)אאאאאאא
אא)y,x(אא

)A(
rK 

2 J2 אאאא)A(
rW 

x = -25 

y = 40 

1 Jאאא)A(
rK 

2 Jאאאא)A(
rאאאK 

3 J2 אאא)R()m15(
rא

)30( °א  א א א ،א א א 
)y,x(אא،K 

4 J2 א،
)m5.12(אא)20( °אא،F16 J2KE 

 
 

אF16 J2Eא،F4 J2E 

1 JאאאאאאאK 



א 115 אא 

אא אא  

 

 J55 J 

2 JאאאאK 

5 J2 אאא)C(
r)D(

rאאW 

0D,0.2D,4.4D

1.6C,8.3C,4.7C

zyx

zyx

===

−===
 

א)R(
rאאK 

6 J2 א)A(
r)B(

rאאאW 

ĵ7î13B

ĵ3î4A

+−=

+=
r

r

 

1 Jאאא)î()ĵ(K 
2 Jאאא)R(

rא)BA(
rr

+K 

7 J2 אא)A(
r)B(

rאאאW 

ĵî5B

ĵ4î3A

−=

+=
r

r

 

אאא،אאאW 

ABR

BAR
rrr

rrr

−=

+=  

8 J2 אא)A(
r)B(

rאאאW 

k̂4ĵîB

k̂ĵ3î4A

++−=

+−=
r

r

 

W1 J)BA(
rr

+K 
  2 J)BA(

rr
−K 

  3 Jאא)C(
rW 

0CBA =+−
rrr 

9 J2 אאא)A(
r)B(

r)C(
rW 
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 J56 J 

ĵ4î3C

C4BA

C2BA
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=−
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rrr

rrr

 

א)A(
r)B(

rK 

10 J2א)A(
r)B(

rאאF17 J2Eא(10)
אאא،אK 

 
אF17 J2Eא،F10 J2E 

1 Jא)R(
rאא)A(

r)B(
rK 

2 Jאאא)R(
rK 

3 Jאאאא)R(
rאאאK 

11 J2אאאאK
   א א )m12(א ، א )m6(

 א א ، )m3(א א   ، 
F18אאKאאא؟ J2KE 

 
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 J57 J 

אF18 J2Eא،F11 J2E 

12 J2אאאאאאא
אאW 

1k̂.k̂ĵ.ĵî.î ===         
  -1 

0î.k̂k̂.ĵĵ.î ===         
  -2 

0k̂k̂ĵĵîî =×=×=×        
  -3 

îk̂ĵ,ĵîk̂,k̂ĵî =×=×=×       
  -4 

13 J2אאא)A(
r(10)א،אא

)B(
r(6)אאא،א(60°)،W 

1 Jאא)A(
r)B(

rK 
2 Jאאא)A(

r)B(
rK 

14 J2אא)A(
r)B(

rאאאW 

k̂3ĵî2B

k̂3ĵ3î3A

++=

++=
r

r

 

אW 

yyyyxx BABABAB.A

)(cosBAB.A

++=

=
rr

rr
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אאאK 

15 J2א)A(
r)B(

rאאאW 

ĵ4î2B

ĵ5î3A
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+=
r
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 J58 J 

B.)BA(3

B.A2
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 J59 J 

א 
Optional Problems 

 

1 J2 ،אאא
Wאא 

1 J)m1200(אא)40( °K 
2 Jאאאאא)123( °אא

א)m258(אא،F19 J2Eא،
אאאK 

 
אF19 J2E 
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