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X�S:
: 9� �S�@ h�� 9F!$ �� 
� EB� ' 
!� ∆S 
 ���2f δ �� �G; ����L�.                    
( dv= ∆S δ ).  

�1�
 δ �� �6� ��� )�� ��$ �� �I�� �$ ∆S 9F!$ �I
 �
�H� )��i ���( �4��  
 �I����  
�$�� .��
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                                                                                                  �S�@ Q�� 
� �� �HB� '�(
��; �!@

�4�� ��� �( >A b!6+� �$ �!4 �� jP��                                          .( h��.  

                                                                                                         9F!$ EB� '
��∆S   �$��  �I���� 
                                                                                                           
 ��
 X��SP: 

  
          

                                                                                                    ��      
>��� �L�� O�
 �+�1; O�
 ��
 �$: 
�
��� ,�- ����- ��
  
 �
��� �!6P �� EB�.  
�1�
 ��@ �
��� �!6P �� EB� k3P %�!4 �
��� ,�- .( �� k3P �!4 ��.   

Fig. 3.3:1. Equilibrium of a “pill box” 
across a surface S. 
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 '�( ��IZ� >A            �4�� �4!;. O�
 �
��� ,�- ��     >�8; &�
�  
�!4 �� �$ '�( ��IZ� >A            ��
 
  
 �B�
� �F!$ �� ��� ��A ��:   
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 '�( &
� ���12� >
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� �� ��� >��
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� �� �+��
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���( 9F!$ U�R ���$ �$ �� �� �H�� ' 
!� X�H�� X�J12� )�38- &�4 
 &�P�� >A �!6P 
�� �
��� �3�    ��
 ) )34 3.3:2 
� ����S�(. ��
 ���D� &�P�� �$ �!6P ��    ��
 ��
�� dS 

%�4�� &�L;A ���D� �� �@
 �L�� X��SP ��
  
:  

�� �@!- �� )34 3.:1.3 '�( ��@ '�( ,�- �ST� X�H�� �
�  
 �� �� '�( ��@ ����  
'�(�!H� X�J12� ��
.  

�� '�@ ��

  O�� ds 
 ds1 ��

  O�� �!6P �� �( 9� 
� .���� ��. 
 

dS1 = dS cos(ν, x1) 
       = ν1dS = area of surface || to the x2x3-plane, 
dS2 = ν2dS = area of surface || to the x3x1-plane, 
dS3 = ν3dS = area of surface || to the x1x2-plane, 

 
                                                                                                       
 ��
 X��SP *�( .+� 
    : 

 
 
 

                                                                                                         �$ �� >A h b��-�
 �m� P *�( 
                                                                                                           
 &�P��dS  ��
.  

ν
�

ν
�

1

3
dv hdS=
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11 1 1 21 2 2 31 3

1 1 1

3( ) ( ) ( )

1 1
( ) ( )( ) ( ).

3 3

F P dS dS dS

T dS hVX hdS dS
ν

τ ε ν τ ε ν τ ε ν

ε ε ρ

= → − + + − + + − +

′+ + + + =

∑
ɺ

ɺ

��

�$ �� >A                �( ,�- �� �B�; P ��
. ��cP ���� O��� nS� ��
 �$ '�(�
��� �!6P 
N��C  
 EB� &!@
 �� QcC ��@ '�(�!H� o��-�J12� 
 ε �( O��� nS� �R�f
 �;�4 �$  

�( O8$�-(tractions)  �� ����; �$ �� �B�; P ����R �$�;
 �;�
� �:
 ���$ ��. 
��
 U�R .��$ >
��� ,�- �1�!�= %��
 &�L;A ε1, ε2, ε3 X��6$ ���D� �;
 �3F!$.   

 
 
 Q�� %�L�� ��
��; �$ �� EB� j�T� �!6P ��    �:
 %��$ �� 9�  ��IZ�                �� ��@  

�!H� x1 %��
� '
��; '�SI�$ 9� ' ��IZ�                   �� ��@ x1 ��
� 
 `�; X
���5- .1��!� 
�BC Y�; 9� ' ��IZ�           ��
�. �� �+��
       
 X1 p!��� �� �B�;P  ��
 
  O�
�����  ������ 

             ���D� ��3F!$. �I���� K

 �$�� X��SP ��
  
: 

�ST� ��@ �� '�(
��;X1   
 ��-��SP ���$ �� �:
 &!@
 '
� �$: 

 �B�; [�14 ��IZ�P  �!H� ��@ ��x1 

11 1 1 21 2 2 31 3 3( ) , ( ) , ( ) ,dS dS dSτ ε τ ε τ ε− + − + − +

11 21 31, ,τ τ τ

ν
�

1( )T dS
ν

ε+

1( )X dvε ′+

1dvVρ ɺ
1T
ν

,ε ε ′
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��
 �I���� 
� ��dS  .�D�- .��$ 
 �1�
              �� .���L� .��
�: 
 

(3) 
 

�$ ��IZ� K

 �I���� (2)                   ��
. 
 

'�( ��IZ� �L�� �� a��� ����8� �� ��� �� ���A.   
********************** 

�B�
� �F!$ �� 
� Oq6B� � �� �� �$ �; )9( ��IZ� ,�- τij p�4 * ] 
 �R�$ '
�� V���-  
O8$�- '
� �( >�6I
 EB�  
 .D@ ��
. O�
����� �I�� ,�- �� 9� .D@ �� �P!6+� X��6$  

τij �� �!� )��$ 728� �!4 ��.   
  
 
 �+;A �$     9� �
��� ��
 
 �I����(2)              '
�� �( �
��� &
!2I� vj s��� %��
  
  

&�P�� ��4!$ ),2� 2.10( >
!- �� �+�1; �R�� �$τij  9� �!D;�- ��
. O�
�����τij  �!D;�- 
,�- &����; �!4 ��.   

��� �L�� �
A��� �!4 �� �$ �� ���!- '�G; )'�!q-( �$ �- >!�$ *�+;
 .��
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