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C!���� :

����� :             ��\j  �2  ��1#� �W�,  P(3� b) 
��	�� *W ��� �(�' �� !O;	
��3�% (k4$� ����� .

�E� :               P���  �(O�% ��l�� ��1#� *���(	 *W ��� !���� *�,�� 5�  �������
 ���(�m�% h(�(	 .         P� *	 n(	�% &�_o4;% *���(	 !71# �� *NL� �� ����(o%

        �(O�% p;O% 9���% &�_4;% 
�k4�� :�;4�� �	 *NoL� .

=��& :     ��������� !S�(  ����% .     q�N% ��7W 5� P�%� !�( (�� 5���3% ��
  �(O�% :(12% .

1�        ���� 	�� ����� � ��� ������  !��� " �
#� 

Www.iepnu.com




	��� ھ���� 10

���(Force)  :

      ��� �k�� �1# �	 �1# 5� �����	 �\� .        /�(O�% ��� !71# �	 *W !����
         �, *	 ��� 
��W �\� P� �	 *W !4"#  �4��� �� �� �1# P� ���� 0��7    �W

����� .
 ���� 	��(Particle):

           V�7or� 0	�� ���	� �	 ��� �1# 5� �kOo��7� .          �� �1# 5� ���	� *3�%�k�� *	
      D �� �1# /��41�� s�N% P� �	 
��� ������ �\� ��  P� �W�, a��O     ���% 
�

���3�% V�+ .

�)* +,-: (Rigid body)     

          �(#(	 !i1� 03� ���l  X�� P� 
���� 0�3O  t�8#� Y�	 *W ��� !71#
����� .�k�� &��i�	 :                 �1# !�W ���o	� �	 *1��L% �� �1# 03� ���l  
����

     ���3�% V�+ 9�M �� �1# /���	 8�e�� .
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�������(Statics) :

         ��W !% u2	 ��1#� ����  �	 n�i �� �� *W ��� 5���3% ��' �� �� *���  .  ��
  �	 V�+ /5� �4���    ���l  X�� !��� v��� 9�M wx%�W �6� ��(% �1# *W �1�

         �(� !7� ����� P� �� !S�7'� ������ *N��(	 !�3� .

��&F G��'�!�(Free  body diagram ) :

                4�% *W ��1#� �� !��� �� �1# 5� &�(_	 P�(4�% �� !3���3% �41�� 5�   P�(
 ��W @���  �(7� �8�% �k��3� �� �� �"��  .      *W ��� ��y 5���3o% 0��1% 0, ��

      ��	 ��(% !3���3% �41�� 
���� 0�3O  ��8#� �� �1# �	 
��� ������  !�
���� ���� .       �� �1# �	 
��� ������ �kOo��7� *W ���� �����o�� �� �(6�% Y��	

         ���3�% 
��$4�� ���i�% !3���3% �41�� 
���� 0�3O  ��8#� .
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 ��,� �41��

�HI   G�-  =��&

SI

MKS m kg s

CGS cm gr s

English ft slug s
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 �! ��3����� J!�> :

x

y

z

Y�8 ��W 
�k4�� (x,y,z) x

y

z

 ��W 
�k4�� (R,θ,φ)

R

ϕ

θ

ϕe

Re

θe

x

y

z

�� *��(4�� 
�k4�� (r,θ,z)
r

z

ze

re
θeθ

j

k

i
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�3��� J!�> :

x

y

z

FA

jFF =
��(2% ���� :

x

y

z

F
A jFiFF yx +−=

 �� *2$M ���� :
θ

jFiFF θθ cossin +−=
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x

y

z

F

α

 !��J+ ���� :

kFjFiFF zyx ++=

)coscos(cos kjiFF γβα ++=

β
γ

F

Fx=αcos
F

Fy=βcos
F

Fz=γcos

1coscoscos 222 =++ γβα
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   ������ 4�K  � �E� �� ��� �!  !��� 	H5:

�

�

�

F
A

B

),,( AAA zyxA =
),,( BBB zyxB =

222 )()()(

)()()(

ABABAB

ABABAB
AB

zzyyxx

kzzjyyixx

AB

AB

−+−+−

−+−+−
=== λλ

λFF =
ABBA λλ −=

 ��� L�� :     ��� ���4%� �� *NL� � &�_4;% P�(	 �(��% �	 :
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 G�� L��:

    ����� 
�k�� /����	 �(��% ���� ��� ](��1W ��� :

cos cos cosAB x y zi j kλ λ α α α= = + +

λFF =
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(Equilibrium of a particle)  ���% 
�D ���� 

        ������ �����	 *W ��� ����  ���) �� !%�k�� *	 ���% 
�D 5�

���	 �$M �	��	 P� �	 
��� .

          ����	 *4��� �1��i�% P( (�� �� P(��� ��)�� �"# v�k�� &��i�	 :

=0F∑=R
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��M�:     ��(� � *���(	 !�(	( �A   B       ��\j  �2  03� �� 
�� 
��� P�O� ���4%�  �"# �� 
����P�(� !% 
��OW  .  ����� *z���e      �	��	 9� �4	30  45GOW ������ /����	 

 ](	( � �	 �� �� 0	�W ��c �� 
�����	��	 :

α

β
P = 5000 N

��� G
N :    &�_4;% 
�k4�� :�;4��
x

y

G�� G
N : ���� �������)����� ��� (1T

2T

  GH� G
N :  ����� !+��%

iP 5000=

)sin(cos11 jiTT αα +=

)sin(cos22 jiTT ββ −=

�OF G
N :   ��{� *4��(� *i��2%

αβ

A

B
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α

β
P = 5000 N

x

y

1T

2T

o30=α
o45=β

21 TTP +=

45cos30cos5000 21 TT +=
045sin30sin 21 =− TT

NT 25.36601 =

NT 2.25882 =
A

B

jTTiTTi )45sin30sin()45cos30cos(5000 2121 −++=
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��M�:   ���� � ��� 
��� �	P   T�(� !% ��� 03� q	�N%  .�����	 *i��2% �1	(�N%  �����
 |P� !��8	 

P = 500 N

T = 200 N

5 
m

60
o

3 m  P��@ :

x

y

iP 500=
)sin(cos200 jiT αα +−=

α

α

x

h

5.260cos5 == ox
3.460sin5 == oh

5.5

3.4

3
tan =

+
=

x

hα

o2.38=α

)62.079.0(200 jiT +−=
TPR +=

jiR 68.123)17.157500( −−=
NjiR 68.12383.342 −=

NR 46.364=

Www.iepnu.com




	��� ھ���� 22

��M�:     ��� *4+�� ���� ��� *� ��\j  �2  03� q	�N% !$L� 0�L\�# 5�  . ����P �(2�	 ��  
v���	 �K�� ���4%� �� ����� �����	 *W ���W Y��� 

P

2000 N 1000 N

40
40

P��@ :

x

y

iPP =

)40cos40(sin10001 jiF oo −=

)40sin40(cos20002 jiF oo +−=

21 FFPR ++=

jiPR )62.2051()3.889( −−=
NjR 62.2051−=

NiP 3.889=
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��M�:       *��% � 0%�� *W 03� q	�N% �� 
��� *	AB  AC   ���� /��� F   *NL� �� A 
 ��� 
�� ��7'�.  ��J'� ���4%� �� ��� Y��AB  AC    |��3�% ����� �� !������ *e 
��� 

����

����

����

F = 350 N

o60

o45

P��@ :

�

�

)45sin45(cos1 jiFF AB +=

jF 350−=

jjFFiFFR ACABACAB 350)30sin45sin()30cos45cos( −=−++=

)30sin30(cos2 jiFF AC −=

NFAC 2.256=

NFAB 8.313−=

و 35030sin45sin −=− ACAB FF

FFFR =+= 21

030cos45cos =+ ACAB FF
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�
�

��M�:    
�� 
��� P�O� ������4%� �� ��� � 03� q	�N% 
��� 5� �� !�_$% *	 
�� ��7'� /
��� .  W p;O% �� !J�(�  ���� ���4%�  ����7� }�(�  ��� 5� �	 �� �� P�v���

6 kN

4 kN

30

40 )30sin30(cos61 jiF +=

jiR )40cos430sin6()40sin430cos6( ++−=

)40cos40(sin42 jiF −−=

P��@ :

21 FFR +=

jiR 06.662.2 +=

)
62.2

06.6
(tan)(tan 11 −− ==

x

y

R

R
θ o6.66=θ
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��� 
�� ��7'� .�1	(�N% Y�� W   ���� 03� q	�N% 
��� 5� ��  C  ��M�:   *NL�  *	
CD, OC OB ,OA  ��"�	�W �� GOW ������

A B

O

C
D

W=2447 N

60

3040

P��@ :

x

y

iTT CDCD −=jW 2447−=

(cos 60 sin 60 )C O C OT T i j= +

0)2447866.0()5.0( =−+−→ jTiTT COCDCO

0=++= COCD TTWR

05.0 =− CDCO TT 02447866.0 =−COT

2825.6COT N= NTCD 8.1412=

Www.iepnu.com




	��� ھ���� 26

A B

O

C
D

W

60

3040

x

y

0)643.024475.0()766.08.1412866.0( =+−+−−→ jTTiTT OAOBOAOB

0=++= OCOAOB TTTR

NTOA 1503= NTOB 2961=

0766.08.1412866.0 =−− OAOB TT 0643.024475.0 =+− OAOB TT

( cos 40 sin 40 )O A O AT T i j= − +

(cos 30 sin 30 )O B O BT T i j= +

2825 .6 (cos 60 sin 60 )O C C OT T i j= − = − +
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��M�:   �K�� *��%BC 0	�W *���(	 AB *NL� �� B *NL� ��  *��% *	 A0M Y�%� *	   
��
��� .�1	(�N% :

@S� . ���) ����	ABv 

:. ���) ����	BAv 

~.   *3� ����	AB . 

�

�

�

����

����

80 m

����
30

 m

40 m

P��@:

)0,80,0(

)30,0,40(

B

A −

kzzjyyixxr ABABABAB )()()( −+−+−=
kjir AB 308040 ++−=

kjirr ABBA 308040 −−=−=
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kji
kji

r

r

AB

AB
AB 32.085.042.0

)30()80()40(

308040
222

++−=
++−

++−
==λ

)0,80,0(

)30,0,40(

B

A −

222 )()()(

)()()(

ABABAB

ABABAB

AB

AB
AB

zzyyxx

kzzjyyixx

r

r

−+−+−

−+−+−
==λ

kjir AB 308040 ++−=
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�

�

�

�

80 m

�

30
 m

40 m

kjiAB 32.085.042.0 ++−=λ

��M�:   �	��	 0	�W �� GOW ���� !��8	 0i� ���% �� *z���e2500 N�1	(�N% /���	  :

@S� :  GOW ����	AB v : :  v&�_4;% ����(2% �	 ����	 Y�� *���

P��@:
ABABAB TT λ×=

ABABT λ2500=

kji zyxAB αααλλ coscoscos ++==

42.0cos −=xα
85.0cos =yα
32.0cos =zα

o
x 8.114=α

31.79o
yα =

o
z 34.71=α

�

*********
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�

�

�

�

16 m

� �

11 m

16 m

8 m

��M�:    03� �� 
�� 
��� P�O� ��� 0	�W *���(	 ��(% �(N	 !��7�� ��(�� 5�
����"k� ��� 
�� . 0	�W �� GOWAC �	��	 1200 N 0	�W ��  AB �	��	 840 

N���  .�1	(�N%  :  0	�W ������ �����	 �"#  !��8	AB   AC *NL� �� A

)27,8,0(

)0,8,0(

)11,0,16(

−

−

C

B

A

P��@ :

NT

NT

AC

AB

1200

840

=

=
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�

�

�

�

16 m

� �

11 m

16 m

8 m

)27,8,0(

)0,8,0(

)11,0,16(

−

−

C

B

A

NT

NT

AC

AB

1200

840

=

=

21

11816

)11()8()16(

11816
222

kjikji

r

r

AB

AB
AB

++−
=

++−

++−
==λ

24

16816

)16()8()16(

16816
222

kjikji

r

r

AC

AC
AC

−+−
=

−++−

−+−
==λ
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�

�

�

�

16 m

� �

11 m

16 m

8 m

kjiTT ABABAB 440320640 ++−=×=λ

kjiTT ACACAC 800400800 −+−=×=λ
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�

�

�

�

16 m

� �

11 m

16 m

8 m

kjiTT ABABAB 440320640 ++−=×=λ

kjiTT ACACAC 800400800 −+−=×=λ
ACAB TTR +=

kjiR 3607201440 −+−=

1440
cos 0.87

1649.7
x

x

R

R
θ −= = = −

720
cos 0.44

1649.7
y

y

R

R
θ = = =

360
cos 0.22

1649.7
z

z

R

R
θ −= = = −

0150.5xθ =
01.64=yθ

06.102=zθ
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�

�

� P

�

�

�

2 m

12 m

8 m
10 m

P��@

12 m

(1 2 , 2 , 0 )

( 0 , 1 2 , 1 0 )

A

C −

jW 2000−=

iPP =

)46.057.068.0( kjiTT ABAB ++−=

)54.054.065.0(
55.18

101012
kjiT

kji
TTT ACACACACAC −+−=

−+−
×=×= λ

��M�:   *�� 5�200 0	�W � *���(	 !%��(��W AB   AC  ����  P 03� ���) �� 
��� 
�� ����"k� .�1	(�N%  : ���� !��8	  �� 0	�W GOW ���� !��8	 *i��2%P
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�

�

� P

�

�

�

2 m

12 m

8 m
10 m

      

12 m

jW 2000−=

iPP =

)46.057.068.0( kjiTT ABAB ++−=

)54.054.065.0( kjiTT ACAC −+−=

( 0.65 0.68 ) (0.54 0.57 2000) (0.46 0.54 ) 0AC AB AC AB AB ACR T T P i T T j T T k= − − + + + − + − =

200057.054.0 =+ ABAC TT

054.046.0 =− ACAB TT

NTAB 75.1941=
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5?aN� �	 8W�% �	��% ����(2% *	 �i1� !����� :�) 0M�,  .
6?    ����(2% *	 �i1� !����� �����4O� Y���  

aN� 8W�%�	��%) .   *3� �(M ��a=20mm  
b=10mm���	 (




	��� ھ���� 282

y

b

dy

y

1
2

2

2

2

=+
a

x

b

y

dA
xaO

∫= dAyI x
2

2

2
1

y
dA xdy a dy

b
= = −

ααα d
b

dy

b

y
cossin =→=

∫ ∫==
2

0

2

0

23223 2sin
4

1
cossin

π π

ααααα dabdabIx

( )
3 3 32 2

00

1
1 cos 4 sin 4

8 8 4 16

ab ab ab
d

π π
πα α α α = − = − =  

∫
3

16x

ab
I

π=

2
2

20
1

b

x

y
I a y dy

b
= −∫

Www.iepnu.com




	��� ھ���� 283

∫= dAxI y
2

a
dx

x

b

y

x

12

2

2

2

=+
a

x

b

y

O

dx
a

x
bydxdA

2

2

1−==

dx
a

x
xbI

a

y 2

2

0

2 1−= ∫

3 3
3 2 2 22 2

0 0
sin cos sin 2

4 16y

ba ba
I ba d d

π π πα α α α α= = =∫ ∫

ααα d
a

dx

a

x
cossin =⇒=

3

16y

ba
I

π=




	��� ھ���� 284

dy

dx

y

x

x

y

1
2

2

2

2

=+
a

x

b

y

O

∫= xydAI xy

2

2

0

2 21
2

20 0

1
1

2 2

x
ba aa b x

xdx y x dx
a

−  
  = −  

 
∫ ∫

dxdydA =

∫ ∫ ∫ ∫
−

==
a

a

x
b

xy ydyxdxxydxdyI
0

1

0

2

2

84

1

2

1

2

22

0

2

4
2

2 ba

a

x
x

b
a

=







−=

2 2

8xy

a b
I =

Www.iepnu.com




	��� ھ���� 285

xK

yK

0K

y

x

1
2

2

2

2

=+
a

x

b

y

O

2
xx AKI =

2
2

4x

b
K = ⇒   �(, P(�����g h���x

yy AKI 2=
2

a
K y =  �(, P(�����g h���  y

3
2

4 4 16x

ab ab ab
A K

π π π= ⇒ =

164

3
2 ba

K
ab

y

ππ =

2x

b
K =

( )2 2

2

4 16O

ab a bab
k

ππ +
=

2 2

2O

a b
K

+=  !iN� P(�����g h���

2
O OAK J=

( )2 2

16O x y

ab a b
J I I

π +
= + =

( )2 2

16O

ab a b
J

π +
=




	��� ھ���� 286

,
el elx dA y dA

x y
A A

= =∫ ∫

y

b

y′

x′

a
x

c
x

y

O

dx
a

b

x

y
1

2

2

2

2

=+
a

x

b

y

O

C :aN� 8W�%

∫∫ ∫ =







−==

a

el

ab
dx

a

xb
dxydAy

0

2

2

22
2

3
1

22

1

ππ 3

4

4/

3/2 b

ab

ab
y ==

dA ydx=

Www.iepnu.com




	��� ھ���� 287

2 2

20
1

3

a

el

x ba
x dA xydx b x dx

a
= = − =∫ ∫ ∫

π3

4a
x =

3 2
2

2

16

16 4 9x x x

ab ab b
I I Ay I

π π
π′ ′

 
= + ⇒ = +  

 
3

29

4

16

1
abI x π

π







 −=′

dx
a

b

x

y
1

2

2

2

2

=+
a

x

b

y

O

y

b

y′

x′

a
x

c
x

y

O

4

3

b
y

π
=

3 2
2

2

16

16 4 9y y y

ba ab a
I I Ax I

π π
π′ ′

 
= + ⇒ = +  

 

3
29

4

16

1
baI y π

π







 −=′




	��� ھ���� 288

AyxII yxxy += ′′

49

16

8 2

22 abab
I

ba
yx

π
π

×+= ′′

22

9

4

8

1
baI yx 







 −=′′ π

y

b

y′

x′

a
x

c
x

y

O

π3

4a
x = 4

3

b
y

π
=

Www.iepnu.com




	��� ھ���� 289

46.1097 mmI x =′
4658.8x yI mm′ ′ = −44.4390 mmI y =′

3
29

4

16

1
abI x π

π







 −=′
3

29

4

16

1
baI y π

π







 −=′

22

9

4

8

1
baI yx 







 −=′′ π
20a mm= 10b mm=




	��� ھ���� 290

��M�:!J�	 b	� ���	  �1	(�N% 0i� ���%:










−=

=

=

′′

′

′

4

4

4

8.658

4.4390

6.1097

mmI

mmI

mmI

yx

y

x

 G��7�  ��(% 
���� ���   (1, ,x y x yI I I′ ′ ′ ′

,V UI I 0UVI =

P� ���	.

(2   �� P� !�M� ����4���  !����� !�M� �����4O�.
(3 &�_4;% 
�k4�� *z���eUV  &�_4;% 
�k4�� P��� �� x y′ ′


����� *	  θ *��� ���� 0M�,*W ���W Y���  !L��c *	 �� θ
��	��	 �� . Zm� ���	

y

b

y′

x′

a
x

c
x

y

Www.iepnu.com




	��� ھ���� 291

IP.

xI ′

C

y′

yI ′

avI R

yxI ′′
IM .

x′

42744
2

mm
II

I yx
av =

+
= ′′

1
2 2

2 1773.32
2

x y
x y

I I
R I mm′ ′

′ ′

 − 
 = + = 
   

41097.6xI mm′ = 44390.4yI mm′ = 4658.8x yI mm′ ′ = −

 ��        ���L% ���	                  ���
  �y�	 ��      ���L%  !L+� �(2% Y���.

 �(� !% 
��� G��7� !L+� �(2% .

0x yI ′ ′ <xI ′
yI ′




	��� ھ���� 292

IP.

2I

xI ′

2θ

2θɶ

C

y′

yI ′

avI R

1I

( )1( )2

yxI ′′
IM .

x′

42744avI mm= 1773.32R mm=
4

1 max 4517.32avI I R I mm= = + =
4

2 min 970.68avI I I R mm= = − =

( )sin 2 0.3715 sin 21.8
x yI

R
π θ ′ ′− = = =

x′
x

y ′
y

θɶ θ

( )1

( )2

C

U

V

2 21.8 2 158.2 79.1π θ θ θ° °− = → = → =

2 2 21.8 338.2 169.1θ π θ° ° °= − = → =ɶ ɶ

Www.iepnu.com




	��� ھ���� 293

 .
V y′

U

x′θ
C

cos 2 sin 2
2 2

x y x y
U x y

I I I I
I Iθ θ′ ′ ′ ′

′ ′

+ −
= + −

cos 2 sin 2
2 2

x y x y
V x y

I I I I
I Iθ θ′ ′ ′ ′

′ ′

+ −
= − −

θθ 2cos2sin
2 yx

yx
UV I

II
I ′′

′′ +
−

=

0=UVI
2

tan 2 0.4 tan158.2 2 158.2x y

x y

I

I I
θ θ′ ′ ° °

′ ′

−
= = − = ⇒ =

−

2 158 .2 79 .1θ θ° °= ⇒ =

4
1 32.4517 mmIIU == 4

2 68.970 mmII V ==




	��� ھ���� 294

IP.

2VI I=

( )V

xI ′

12θ

O

y′

yI ′

avI R

1UI I=

( )1( )2 ( )U

yxI ′′
IM .

x′

4
1 32.4517 mmIIU ==

4
2 68.970 mmII V ==

Www.iepnu.com




	��� ھ���� 295

θcos. FdrrdFdU ==

rd
r+

rd

r

O

F

A

A′θ
JoulemN == MKSوا
د ��ر     .

Ergecmdyne == CGSوا
د ��ر      .

 ��� 5� ��W

10�  ���
!�@� �&�A� ��0




	��� ھ���� 296

B′

F
1rd

B

θd
A′

A
1rd

F

B ′′

2rd

B′

1rd

F

B
r

θrddr =2

θθ MdFrdrdFdU === 2.

   ��� 0.(W 5� ��W

Www.iepnu.com




	��� ھ���� 297

rδ
1F2F

3F

nF

A
B rδ

!��� !��# *	 �# :

����% !��# *	 �#  :

rd

 ����% ��W

rFrFrFrFU n δδδδδ ....... 321 ++++=

( )1 2 3 ... .nU F F F F rδ δ= + + + +

rRU δδ .=
   !��� ���	 ����  �S�, �� !S�7'� ������ ��\j  �2  �41�� ���

  ���	 ����� �����	 ��W &�(M Y�� ��  ���	 !% �$M �	��	 ����% !���	 �# ��

0 . 0R U R rδ δ= → = =

0R =

����% ��W 0M�




	��� ھ���� 298

l

C

θ

P

A B

θl
θ

  �	 �8���3% ��c �� 
��� ���� Y��� 
���� P�(	 �(��% V�+ �	 :(e *�N�P

Www.iepnu.com




	��� ھ���� 299

l

C

θ

P

A B

θl
θ

cy

xA

yA
A

δθθ

cxδP

cyδ
C ′

x
Bx

NF Sµ= B′
Q

N
B

Bxδ

C

y

cy

xA

yA
A

θ

P

x
Bx

NF Sµ= Q

N
B

C

y




	��� ھ���� 300

BBC
xQxFyPU δδδδ ... ++=

cosCy l θ= 2 s inBx l θ=

sinCy lδ θδθ= −
2 cosBx lδ θδθ=cy

xA

yA
A

δθθ

cxδP

cyδ
C ′

x
Bx

NF Sµ= B′
Q

N

B

Bxδ

C

y

P P j= −

SF Niµ= −
Q Q i= −

2 cosBx l iδ θδθ=
sin

C
y l jδ θδθ= −

( ) ( )sin 2 cos 2 cosSU Pl N l Q lδ θδθ µ θ δθ θ δθ= − −

Www.iepnu.com




	��� ھ���� 301

0=Uδ

0cos2cos2sin =−− θθµθ QNP S

N
P

Q Sµθ −= tan
2

( )sin 2 cos 2 cosSU l P N Qδ δθ θ µ θ θ= − −




	��� ھ���� 302

a2

θ
A

a

y a θ y
B

a

a

a2 C

θ

y

a

a

a2

������.

 &�i\ �	)�����. (  &�i\ !	)�����.��( !���

 ���� !% ��	 ����  !��� *�S� ���) *	 
��	� . 
�� ��2�% ����(% �� P�� ��� �� ��	  

θ ����(% �� P�� ��� �� ��	  ���� !7� ��	 *�S� ���) *	 *# X�� *	.

���) �� ��    ���k	 ���� *W ���% ���(� !��	 ����(% P�7� �� . θ

θ

Www.iepnu.com




	��� ھ���� 303

( )2 cos 2 cosy a a V waθ θ= − ⇒ = −

wyV =

cos cosy a V waθ θ= ⇒ =

y a V wa= ⇒ =

a2

θ
A

a

y a θ y
B

a

a

a2 C

θ

y

a

a

a2

w �� *��% P�0�1��4. �g��� b	� 




	��� ھ���� 304

a2

θ
A

a

y a θ y
B

a

a

a2 C

θ

y

a

a

a2

2

2
cos

d V
wa

d
θ

θ
=( )2 cosV wa θ= −

2

2
0

d V

dθ
>

����  ����(% �� 0�1��4. �g��� Y��47W ����� ( )0=θ
2

2
cos

d V
wa

d
θ

θ
= −cosV wa θ=

����  ����(% ��0�1��4. �g��� Y��4O�	 �����

��� �	�\ 0�1��4. �g���    ����(% �� �� .

2

2
0

d V

dθ
<

2

2
0

d V

dθ
=V w a=

( )0=θ

θ

Www.iepnu.com




	��� ھ���� 305

 ���%:    �(c *	 5� �� Yk7� *��% � 0%�� 03� �� 
�� 
��� P�O� �8���3%l   P�  w  !%
���	 . 54�rB   *�M�+ *	 *W !L+� ���� 5� �� 1.5l  Y�. ���O   ��W !% �W�, ���� ���� . �	

 ���� ����% ��W 0M� �� 
��$4��p���	 �� 
�k4�� *W 
1 30θ °= Y���  ��� �"k� ����  ��

O
l

l

P

1θ
l5.1

B

A

���W) .���W �6�+�M f�3NM� ��(




	��� ھ���� 306

B
P

N

2θ
w

1θ
O

xO

w

A

yO

l5.1

Bxδ

1y
2y

Bx

2yδ

1yδ

B ′

A ′

x

y

C

C′

D

D′

w w j P Pi= =

BxPywywU δδδδ ...
21

++=

1 11
sin

2

l
y jδ θ δθ= −

1 1cos
2

l
y θ=

1 1 1sin
2

l
yδ θ δθ= −

212 cos
2

cos θθ l
ly += 1 2cos cos 1.5l l lθ θ+ =

12 cos5.1cos θθ −= l
l

y 75.0cos
2 12 += θ

j
l

y 112
sin

2
δθθδ −=

Www.iepnu.com




	��� ھ���� 307

B
P

N

2θ
w

1θ
O

xO

w

A

yO

l5.1

Bxδ

1y
2y

Bx

2yδ

1yδ

B ′

A ′

x

y

C

C′

D

D′

1 2sin sinBx l lθ θ= +

12 cos5.1cos θθ −=

2 2 1 1sin sinθ δθ θ δθ− =

1 1 2 2cos cosBx l lδ θ δθ θ δθ= +

1
2 1

2

sin

sin

θδθ δθ
θ

−=

1
1 1 2 1

2

sin
cos cos

sinBx l l
θδ θ δθ θ δθ

θ
 −= +  
 

( )1 1 2 1cos sin cotBx l iδ θ θ θ δθ= −




	��� ھ���� 308

BxPywywU δδδδ ...
21

++= w w j P Pi= =

1 11
sin

2

l
y jδ θ δθ= − j

l
y 112

sin
2

δθθδ −=

( )1 1 2 1cos sin cotBx l iδ θ θ θ δθ= −

( ) 12111111 cotsincossin
2

sin
2

δθθθθδθθδθθδ −+−−= pl
l

w
l

wU

( ) 12111 cotsincossin δθθθθθδ plplwlU −+−=

0=Uδ
211

1

cotsincos

sin

θθθ
θ

−
= w

P

65.50cos5.1coscos30 2211 =⇒=+→= θθθθ �

wP 097.165.502 =⇒= �θ

Www.iepnu.com




	��� ھ���� 309

 ���%:    �(c *	 5� �� Yk7� *��% � 0%�� 03� �� 
�� 
��� P�O� �8���3%l   P�  w  !%
���	 . 54�rB   *�M�+ *	 *W !L+� ���� 5� �� 1.5l  Y�. ���O   ��W !% �W�, ���� ���� . �	

 ���� �� :�� 0��2  �� 
��$4��p���	 �� 
�k4�� *W 
1 30θ °= Y���  ��� �"k� ����  ��

O
l

l

P

1θ
l5.1

B

A

���W) .���W �6�+�M f�3NM� ��(




	��� ھ���� 310

�� -� 

B
P

N

2θ
w

1θ
O

xO

w

A

yO

( )a

A
xA

yA

w

1θ

xO

yO

( )b

O

B

N

P

2θ

yA

xA
A

w

( )c

Www.iepnu.com




	��� ھ���� 311

∑ =⇒=−⇒= PAAPF xxx 00

∑ =−+⇒= 00 NwAF yy

∑ =−+⇒= 0sin
2

cossin0 222 θθθ l
wPlNlM A

2
2

22 cot2
2sin2

cos2sin θ
θ

θθ −=−= wPw
N

yA N w= −

2cot
2y

w
A N w P θ = − = − + 

 

B

N

P

2θ

yA

xA
A

w

( )c




	��� ھ���� 312

B
P

N

2θ
w

1θ
O

xO

w

A

yO

( )a

( ) ( )
1 1 2

1 2 1 2

0 sin sin sin
2 2

cos cos sin sin 0

O

l l
M w w l

P l l Nl

θ θ θ

θ θ θ θ

 = ⇒ + + 
 

− + − + =

∑

22cot
2

w
N θ= −

1

1 1 2

sin

cos sin cot

w
P

θ
θ θ θ

=
−

wp 097.165.5030 21 =⇒°=→°= θθ

Www.iepnu.com




	��� ھ���� 313

��M�:      ��4O� 0	�L% �8���3% ���	 M         �oS�, �� �41o�� *oW �o��W Y���  ��(c �� 
���	 ���� .���W �6� ��M �� *��% P� �� .

)���W 0, !S(7�% 8�� ����% ��W -� �� 
��$4�� �	 �� *��1%(.

M

D

a
w

C

B

A

a

a

Www.iepnu.com




	��� ھ���� 314

D′

M
D

Dyδ a w

C

B

B′
Byδ

C′

cyδ

δθ

x
xA

A
yA

y
θ

xD

a

a

θ

θδδδ .. MywU
c

+=

jww −= kδθθδ =

kMM = 2 coscy a θ=

( ) kkMjajwU δθθδθδ .sin2. +−−=

2 sin
c

y a jδ θδθ= −

0sin2 =→+= UMawU δδθθδθδ
θsin2awM −=⇒

Www.iepnu.com




	��� ھ���� 315

�� -�

yB

xB

θ
xD

D
M

a

( )a

B

A
xA

yA

yB

xBB
w

C

( )b

M

D

a
w

C

B

A

a

a

Www.iepnu.com




	��� ھ���� 316

yB

xB

θ
xD

D
M

a

( )a

0 0x x x x xF D B B D= ⇒ − = ⇒ =∑

∑ =⇒= 00 yy BF

0 2 sin cos 0A xM w a B aθ θ= ⇒ + =∑

0 cos 0 cosD x xM B a M M B aθ θ= ⇒ − = ⇒ =∑

A
xA

yA

yB

xBB
w

C

( )b

2 sinM aw θ= −

∑ =⇒=−−⇒= wAwBAF yyyy 00

2 tanxB w θ= − 2 tanxD w θ= −

0 0x x x x xF A B A B= ⇒ + = ⇒ = −∑ 2 tanxA w θ=

Www.iepnu.com




	��� ھ���� 317

 ��M�:  ��# *	 �� *�N�10kg  h��� *	 !31�� U�2% �� �	mm 300 9_�
��� 
��.*W !%�k�� *	 ��� ���� ��+ ��� . ��� ���) �� ���)

  |��� *�(ke ����  ���� P�O� �S�, �� ��  
��W Y���  �� P� ���� 
0θ =

m

θ

4
kN

k
m

=

kgm

mma

mmb

10

80

300

=
=
=

a
b

O

Www.iepnu.com




	��� ھ���� 318

m
0=θ

ba

m
θ

LP.
b

a h

θaS =

222

2

1

2

1 θKaksVS == cosgV mgh mgb θ= =

θθ cos
2

1 22 mgbKaVVV gS +=+= 2 sin
dV

ka mgb
d

θ θ
θ

= −

20 sin
dV

ka mgb
d

θ θ
θ

= ⇒ =
2

sin
ka

mgb
θ θ=

( )2
4000 0.08

sin sin 0.87
10 9.81 0.3

θ θ θ θ= ⇒ =
× ×

Www.iepnu.com




	��� ھ���� 319

2

πO

θsin θ87.0

θπ

θθ 87.0sin =




°=
=

7.51

0

θ
θ

:

sin 51.7 0.784 51.7 0.902 0.87(0.902) 0.784

Check

rad= = =� �

Www.iepnu.com




	��� ھ���� 320

2

2
51.7 7.36 0

d v

d
θ

θ
°= → = >

2
2

2
cos

d V
ka mgb

d
θ

θ
= −

2
2

2
0 3.8 0

d V
ka mgb

d
θ

θ
= → = − = − <

2 sin
dV

ka mgb
d

θ θ
θ

= −

0 sin 0M mgb akaθ θ= ⇒ − =∑
θθ

mgb

ka 2

sin =

Www.iepnu.com




	��� ھ���� 321

m
θ

b

a
mg

kaθ

sinmgb θ 2ka θθ
0 0 0

10 5.11 4.47

20 10.06 8.93

30 14.71 13.40

40 18.92 17.87

50 22.54 22.34

60 25.48 26.81

70 27.65 31.27

0 sin 0M mgb akaθ θ= ⇒ − =∑
Www.iepnu.com




	��� ھ���� 322

   B-��� 

1- Engineering Mechanics: Statics, SI Version, 6th Edition
by J. L. Meriam, L. G. Kraige
January 2008, Wiley

2- Engineering Mechanics, Statics, 2nd Edition
by William F. Riley, Leroy D. Sturges
January 1996, Wiley

Www.iepnu.com


