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�-(��-�� ، ��� أن ه�� N&:&ا� ��.  

. θ  �".�� Em Ec و و tEp 2-3 (��)F"ت ا)FFO7 PL7  
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:���%Rا    

1 (1 -1(  
       {#UEا����7/� ا��.رو��{ا�  

:�# \)ل ا��1آ� ��E�� 5UPى ا����UEى: ا��Eد ا��% 

 
� ���� دوران.  D #UEن ا�o                    : θɺɺ

�
.∆∆ =Σ JFM        :#UEا� ;/ g��1��� �A ا�,)@� ا=���+B�  

θɺɺ
��

.∆∆∆ =++ JMRMPM t :                         أي  

2�ه�� ��I�E,�ن *5 *�1ر ا�.ورانn� �B\ ن=  . 0=∆TM
�

∆=0   و PM
�

                   

θθ ɺɺ..00 ∆=−+ JC :               إذن                          

. ا��>��6� ���1آ� ا������� ���اس ا���ا��,�د��   0=+
∆

θθ
J

Cɺɺ :        و*�'  0. =+∆ θθ CJ ɺɺ :                                    أي  

          )cos()( ϕωθθ += tt om   �� ���# آ�� ��+:�; ه�0 ا��,�د�� دا�� %  
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∆

=
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C
oω :                          �+U:� ا��Pص  

      ------------------------------------------------------------------------------------------------------------  
:  OT      1- 2)ا�.ور ا��Pص :

  sTO 2,1=  ===      < sTO 2420 =   ���	
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 ------------------------------------------------------------------------------------------------------------      

   
2

2
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J
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∆= ..4 22 π ⇐   
C

J
T

o
O

∆== π
ω

π
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1-3      (  
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2

2

.107,23
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65,0)2,1(
mkgJ −

∆ ×=×=
π

  ����� �	دي : 

 ------------------------------------------------------------------------------------------------------------      
                )cos()( ϕωθθ += tt om          : �� ���# آ�� ��+ 1-4)  ا��,�د�� ا�9*�� ���1آ� دا�� %

  .  ، srado /24,5≈ω     ،               
4

πθ =m  5*                   :  

   
3

πϕ −=    ⇐   
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0
3

ϕ
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        ⇐   





<
=

0sin

5,0cos

ϕ
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       ⇐        ���	
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+=
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8

θ

πθ

ɺ
     0=t   ����
  :��	 ا








 −=
3

.24,5cos
4

)(
ππθ tt   �
��
��:       و  

 --------------------------------------------------------------------------------------------------------------    
   2(  
2-1(                                             

   te
pt CCE += 2..

2

1 θ :                       Q(�� ا" 1@" BC6�M�FA( ا"��HA ا"&("��   

. 0=teC θ=0  و���g ���ن   .�/ 0=ptE � � ا���1*� \)ل ا� ,%��  

2.
2

1 θCE pt =  �:                                                   و������  

                                  
�����: ا��B@� ا��  

22 ..
2

1
..

2

1 θθ CJEm += ∆
ɺ  

--------------------------------------------------------------------------------------------------------------  
2-2(  

te
M CE = 
( أن  ���)F@" $�د�ه:(ك  T�" ، �@
M7 ا. &-(آ(ت=   ��)F"اVW�:� ��6
9
@" ��-��)-�
.ا"  

       ).sin(.. ϕωωθθ +−= toom
ɺ                ⇐            )cos()( ϕωθθ += tt om :       و"��:(    

C�/ ;?1�   : 22 ..
2

1
..

2

1 θθ CJEm += ∆
ɺ  	�$A&"1 ا' X�6A&")�          :  

. 
∆

=
J

C
o

2ω ..6A� ).(cosض 
2

1
).(sin...

2

1 22222 ϕωθϕωωθ +++= ∆ tCtJE omoomm     

         teCE
m

=       ⇐ 2..
2

1
mm CE θ=   +@� P%�'                              :  

                                   ⇐                           







=

=

4

/.65,0

πθm

radmNC
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--------------------------------------------------------------------------------------------------------------  
2-3(  

 ��7�X C�1�* �/ ه� /+�رة . 2..
2

1 θCE pt =  ;]�� ����  

 
2..

2

1
mm CE θ=   ���
� آ! # ����$ ��%�&�%�'
:ا
��)� ا  

.
tpmc EEE −=  ���	
� آ! 
��� و#  
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. �
	�� ر��5: ��اس ا��� (5 
 

# *�i��7 /9م @?�ر0U@ آ9 @?�ر��� �C �����+� ���1ر ، *[+�� *� D�I' ا��>�  D ���� ��2��� �'��[; ا�_�; أ���� ، ��oذ�� رأ�  
. oJ ا�.ورا   

�� ��	ر� ��ون �	�� ����� . ������. '&%$# "!  	آ� � mθ �5او�� أ',�( ,2�3" ا ���	  

. OT � ا�.ور ا��Pص .+,� V/ا 
2 C و OJ 1(�1�� �� �+U:� ا��Pص �.��oآأو%. ا��,�د�� ا��>��6+,� V/ا 
2 �  

. O �BE�ا� �*   d    �D��ا�� i<� C�/ .%�� ��:�* ;آ  kgmmm 35,021 ===   #UEا� C�/ j+�� ا����� i<� ��:� ���1�  

 .  
 �# (آ� �nن /9م @?�ر ا����7/�   ��.، 2
 ��1ر0 �.ون ��/� �.-U@+ mθ ���ي ا���g �9او�� D ∆ � ��ل ا��1رEDأ #UEا� ��.�  

. 2..2 dmJJ O +=∆   �:ه� ) ا����1  

 �� *�56 ا����1t�� �/��7��� . OT �ات ا�.ورا��Pص t� iE�  

. )(' 22 dfT o =            ���[; ا���1�C ا����  
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. d C و  ، m ، oJ  ��o.�  �/��7��� ) #U@ +���1�( 0'T � ا�.ور ا��Pص) 2 +,� V/ا  

. ∆'J C و 3 (��أو%. @  
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C

J
T O

O π.2= :   وا�.ور ا��Pص
O

o J

C=ω :       وا��+( ا��Pص  0. =+ θθ CJ o
ɺɺ 1         ( ���*�+�
:   ا
',�د
� ا  

--------------------------------------------------------------------------------------------------------------- 

C

dmJ
T O

O

2..2
.2'

+
= π 2             (  

   ---------------------------------------------------------------------------------------------------------------  
3(   ���	
 :               
    

        2
22

2 ..8.4
' d

C

m

C

J
T o

o ×+= ππ
     (1)      ⇐                            

C

dmJ
T o

o

2..2
2'

+
= π          

 �
 o ��� *� ا=$;  *,�د��' ���# آ�� ��E��* �/ رة�+/  : )(' 22 dfT O =             C�1�أن ا�� u�(�   

bdaT O += 22 .'           
 -�.�/'�
 012'
. ا
',�3! ا a  �4���
���5 �'4! ا  

3
32

2

104
10.5,2

10'
×==

∆
∆

= −d

T
a O  

 10=b :  و&�7! ���3&�� ��6  bT O =2'     ⇐          0=d ��'� �%2ن     

'10.104   3; )2( '.�ر&��  �     :   (1)����v أن       . 232 +×= dT O         )2(:     إذن      

      radmN
m

C /.102
104

1,0..8

104

..8 3
3

2

3

2
−×≈

×
=

×
= ππ

3     :             و0�3        
2

104
..8 ×=

C

mπ
                        

    24
2

3

2
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10210

4

10
mkg

C
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−
−

×=××=×=
ππ

   ⇐                10
.4 2

=∆

C
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