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•*��'� +, ��� (" -	!�. +, /�0 (��&� -�1�	 �,23 4���. �� 4 �$ 67�8 /9	%�	 ���  
� :�)� ;<�� ��&.	 ������ =�� %,�" �� ��� (�>�� %�!?. 

•����" ����	 �� +���1� 7���%)� ��� @�> A%�!? 7� 7�
, ��� *1?���B� 7
C	�   
%�1D!8 � E,	�? ���
� � �, 48�$ ��� 	� �FG�� %��8 7&�. 

•�� #,	 *H> �F	 ������� ��	� (" ����	 ��� I,��� �!? 7� � �� /��" 7J�!JD 7�,=J,��  
+, ����� ���� �" +, ����� ���
� �� /��� K'" �!? 7�. �� #,	 ���	� ����L� �,9  

M,�
� � I,��� %�!? 7�: 

�-�&� +, ���� 4��� (" +, (N)� 

�-�&� +, ���� �!$ +, �!'� 

�-�&� +, *3!8 

•�� ����� 7,���� (8 (" +, ��� ��� �F	 %�8 7� 	� -	!� 7� �" +, ����� 7 ��
� (8  
7��8�� 9	 +, ���� )(8 �� +, (N)� /	!< � �F	 %�8 7�( � +, *3!8 4�	 #,=J,�� ��8. 



12/2/2025 

2 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

7�Q	� � 7���Q ������� 

•������� /%��8�F	 ��� ����	 ��� ("  
�� (��� ���)� %�!? 7�: 

.١������� 	
��� ) /%��%���� �F	 
����	 ��� �J,� �" ��� ��� ��!� 

��� 4�	. �� R�&� ��)��� �, �" (���>  
%���� ("0�� � -9�(  

.٢������� 	
��� )/%��%���� 7,������ 
4�	 (8 S	�0 ��� ��� 	� (" �J,%1, 

*H�� /��8 �� ��� ��� *1? ���J"( 

•������� 7���Q �� +, (&���� �	9� 
-��� /�	� %�!? 7�. 

•6T1.�" �� ����� 7���Q %�	!� 7� K.�" 7�8�$ 7 �)��	 �, UQ�D )� �, �� ��( �� ���  
�!?. 
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MF1

•�� ���� (8 �� �� (N)� ("  
��� 7��� ��&.	 %�!? 7�  

�F	 7V"��� ��� ��� ���  
%��	� ��	 -� �� ���� 6�	%)�  
4V� � EQ �F	 7���1,  
(�?	� %�?�". 

F 

F’ 

•�" R��	 *�	 6��,23 ��)��	  
�F	 +, ����� 7���Q ���  

+, ��� ��� ��	 -� ����  
�� �	%��	 EQ W�F	 48�$  

%�8 -�%" ���B� %��� 7�. 

•#��D �� 7,���� 	� ���
� %�,!� 7�. 
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 ��� ����	 ���
� � 48�$ E,	�? �	�" -	!� 7� 	� ��,23 ��)��	 *�	 %�D��
 ��8 (" %,��� �� *1? ���B� � 7�Q	� ������� -���� 4�%" �� 7 � 6��" ��8 ("

���� �	�C /��L��	 ��!� :���$	 � 4C� �" �, � �!? /��"  . 

*�	 ��,23 ��)��	 � �!VL� ����� ���
� 7,�� 4,��%'� ��	�: 
•��	 (" ��1�&. 7���Q (��� (�!� 

6���8 ����� ������� (� �	 )a � b(  
���
� #,	 4�	 (8 7,���� %?��� )c �  

f(. 

•#��X&� 9	 (N)� ��� +���1� ����	 
���6 ��� ����� a � d 6%� ��
� 7 �  

������� 7�Q	� � ��� *1?���B�  
�!�!" /%�� �� �� ����� YZ��8  

S��L�� 4�	. 
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�	��" �� ��	��" [�\ 

•�!VL� -�&� +, ���� �!$ +, (N)� 	� -	!� 7� �"  
��"��8 [�\ �	��" �, [�\ ��	��" 4$	� �� ]�� ��8.  

•[�\ ��	��" �� �	��"P  �  Q�	��" V 4�	 (8 E,	�?  
�,9 	� /�����" �9�� 7�:   

•EQ �F	V  �!&. 4�	 �" �	 ('L� (8 P  �  Q�� -� 
�	�C ��	�. 
.١ �	%)� V  S���. 4�	 9	 
.٢ 4V� V  9	 /%.�C 4�� 4�	� (" 4�� %,� 7�.   

θsinQPV =

•[�\ ��	��": 

-7,�^"�� �,23 )commutative( 4��� 

-_,9!� �,23 ) distributive( 4�	 

-`�&��	 �,23 )associative( 4��� 

( )× = − ×Q P P Q
� �� �

( )1 2 1 2× + = × + ×P Q Q P Q P Q
� � � �� � �

( ) ( )× × ≠ × ×P Q S P Q S
� � � �� �
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Cartesian Vector Formulation 
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(N)� +, �!$ ���� +, -�&� 

•+, �	��" ���� �" ��$ �	%)� � U�V� M,�
� �!? 7�.  
W�F	 ��� ��� ��� #��X&� (" *'� �F	 -� 7J��"  
��	�. 

•-�&� ����� F �!$ O (" *1?              M,�
�  
�!? 7�. 

•�	��" -�&� MO �!&. 4�	 (" �	 ('L� (8 *��? (N)�  
O � ����� F 4�	. 

•�	%)� MO �	 (^�� 9	 *,�&� ���� (" -%��Q�D ��� �!$ 
��!'� �� ����	� MO  4�	. 

d (���> ��!&. #�" EQ �F	 ���� � (N)� O 4�	. 4V�  
-�&� 9	 /%.�C 4�� 4�	� (" 4�� %,� 7�. 

= ×OM r F
� ��

FdrFM O == θsin

•�� ����� F’ (8 �	%)� � U�V� %���� F %?�" �� 7��!� ���
� -� 4�	 (8 U,���	� 
=�� �"  F -��1, %?�" (8 -�&� 7V"��� �!�!" ����. 
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(N)� +, �!$ ���� +, 7L�� � 4�b� -�&� 

•�	 /9�� �� �%
" (8 �!c � @�. ��	� 7 � d&. �, 
4��<\  -� *"�C 7?!e&�D 4�	 �� ��� %,��J" (8 
7,���� �� ('L� /9�� (" -� ��	� �!? 7�.  

•('L� /9�� *��? (N)� O � ����� F 4�	. -�&� 
�����  MO �!&. �" ('L� 4�	. 

•��	 ���� %�	!<" /9�� 	� ��J�.����3 6%��Q�X" 4V�  
�	��" -�&� (" f�c g��Q 9	 ('L� /9�� � �	%)� -�  

4�b� 4�	. 

•��	 ���� %�	!<" /9�� 	� ��J�.�� 6%��Q�X" 4V� �	��" 
-�&� (" f�c *Q	� ('L� /9�� � �	%)� -� 7L�� 
4�	. 
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MF2

M��<� ����!'� 

�,� 7�C� ���� �� 4V� y 6%?�" 7��&� ��^,	 h%�8 7� 

 ������)Torque( 

 ����)Moment ( Moz 

������� �� ���� 

 �����= (MO)z Fxdy  ���� �����      �-   dy 

6��Q 	�,9 ���� �!$ ��!'� (8 
�9	!� ���� %?��� � �	%��	 -� 	� 

_NC %�1� -�&� ��^,	 %�8 7�. 
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MF2 breadth: width, span
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•(�iC -!�,�	� -�1�	 7�,=J,�� (���'� ��)��� 
-�&� ����� F �" -�&� �� �, %�D (L a� ����� F 

	� ��	�> %�8 7�. 

( ) ⋯
����

⋯
���

+×+×=++× 2121 FrFrFFr

Fr)F(FrFrFrM 2121o ×=+×=×+×=

-!�,�	� (�iC :('L� �� ������� %�,��" -�&� 

∑= iiR dFM
o
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MC=0 

MD=800(0.5) 

MB=  -800(1.5) 

MA= - 800(2.5) 

 ����� -�&�F �!$: 
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-�&� ����� F �!$ (N)� A 	� (" -	!�. 7
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�&,=8�� � �&���� 	� (" 4�� %,���. 

١٧/69 ����� � ������� :���� 	!"	 #��$%&'�  

Fsin θ 

Fcos θ 

)32( θθ SinCosFM +=
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�	�" �&,=8�� -%? M 9	 -� 4��� ("   
θ d��� (�>�� � �"	�" �L� �	�C 

���� 7�: 
 

 
�	�"        0180 < θ < 00  

 

 
�&���� M �L� 4�	 )%�	!� 7&� 7L��  

%?�" 	�,9 4V� -� ���B� %"�, 7�(.  

moment minimuma for   146

and maximumfor   3.56

0

0

=

=

θ

θ

0)32( =+−= θθ
θ

CosSinF
d

dM

)(3.56 roundednot�=θ

0)32( =+= θθ SinCosFM

146 ( 146.3 )rounded fromθ = � �

)32( θθ SinCosFM +=
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Mo 
= rA × F 

      = rB × F 

      = rC × F 

��,23 ��)��	 
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 (�!&� (�j��3.1 

+, ����� 100-lb ��!&. (" ��V��	 7���	 (8 ("  
��!'� �� O *H�� 4�	 �F	 %�8 7�.   

[!�N� 4�	: 

M 	( -�&� ���� �!$ (N)� O6 

[( ����� 7)>	 (8 �� A �F	 %�8 � -�&� 7V"���  
(�?	� 6%?�" 

g( #,��&8 7,���� (8 -	!�" �� A ��	� ��8 (8  
-�&� 7V"��� (�?	� 6%?�" 

�( *'� ����� ��!&. 240-lb (8 -�&� 7V"���  
(�?	� 6%?�" 

/( �,� k�� +, 9	 7,������ (8 �� 6[ g � � (" 4��  
%�%�� �" ����� 7��	 h%� ��
� 
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 (�!&� (�j��3.1 )(�	�	( 

M 	( -�&� �!$ O �"	�" 4�	 �" [�i���$ ���� �� 
(���> ��!&. #�" EQ �F	 ���� � O. 9	 �^�� (8 

���� *,�&� (" UQ�D ��J�.�� ���	 6��	� �	��" 
-�&� (" f�c *Q	� ('L� 2l�8 )7L��( 64�	  
7 � �� �^�,	 �	�" 7���� 4�Z. -� 	� 

�,�	2� 7&�. 

( )

( )( )in. 12lb 100

in. 1260cosin.24

=

=°=

=

O

O

M

d

FdM

in lb 1200 ⋅=OM
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 (�!&� (�j��3.1 )(�	�	( 

[( ����� 7)>	 ��A (8 -�&� 7V"��� (�?	� %?�". 

( )

( )

in. 8.20

in.  lb 1200

in. 8.20in.  lb 1200

in. 8.2060sinin. 24

⋅
=

=⋅

=

=°=

F

F

FdM

d

O

lb 7.57=F
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 (�!&� (�j��3.1 )(�	�	( 

g( *C	%$ ���� �� A (8 -�&� 7V"��� %� !� %�8 
7C� m�L�	 %�>	 7� (8 (���> ��!&. �&,=8�� 
%?�" ) 7�C� (8 F (" OA �!&. %?�"(. 

( )

in. 42

in.  lb 1200

in. 42in.  lb 1200

⋅
=

=⋅

=

F

F

FdMO

lb 50=F
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 (�!&� (�j��3.1 )(�	�	( 

�( �	�" (" 4�� -���� *'� �F	 �����240 lb 
��!&. (8 -�&� 7V"��� (�?	� 6%?�" �,�	�: 

( )

in. 5cos60

in. 5
lb 402

in.  lb 1200

lb 240in.  lb 1200

=°

=
⋅

=

=⋅

=

OB

d

d

FdMO

in. 10=OB
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 (�!&� (�j��3.1 )(�	�	( 

/( %�D�� 7,������ (8 �� 4&�C 6[ g � � (" 4�� 
%�� ��� -�&� 7V"��� %���� ����� 100 lb %��	� 
7 � �	%1X�� 9	 �� -� �	%)� � 4V� � �, EQ �F	 

7���1, %��	%�. #,	�"��" �	%1X�� 9	 �� -� ���
� 
����� 100 lb %�����.   
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 (�!&� (�j��3.4 

�	 ('L� 7��N��� (" (����  
�� 4�" �� A � B � ��� CD 

��V� /%? 4�	. ��	 U�8 ��  
��� 200 N 6%?�" -�&� -� 	�  
�!$ (N)� A (" 4�� %,���. 

*$: 

-�&�MA  ����� F (8 ("  
(���� ��� ��	� �!? 7� 	�  

-	!� 7� 9	 [�\ ��	��" ("  
4�� ����. FrM ACA

���
×=
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 (�!&� (�j��3.4 )(�	�	( 

*$: 

12896120

08.003.0

−−

=

kji

M A

���

�

( ) ( ) ( )kjiM A

����
mN 8.82mN 8.82mN 68.7 ⋅+⋅+⋅−=

( ) ( )kirrr ACAC

�����
m 08.0m 3.0 +=−=

FrM ACA

���
×=

( )

( )
( ) ( ) ( )

( )
( ) ( ) ( )

( ) ( ) ( )

2 2 2

200 N

0.3 m 0.24 m 0.32 m
200 N

(0.3) (0.24) (0.32)  m

0.3 m 0.24 m 0.32 m
200 N

0.5 m

120 N 96 N 128 N

D C

D C

r
F F

r

i j k

i j k

i j k

λ= =

− + −
=

+ +

− + −
=

= − + −

�
��

� � �

� � �

� � �

٣١/69 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

�	��" �� � �1�	 [�\ �����"��8 

•�	��" �� #�" (,�	9: 

PQ

QPQPQP

QPQPQPPQQP

zzyyxx

zzyyxx

++
=

++==•

θ

θ

cos

cos
��

•�!'� +, ��� �	��" +, �,!H�: 

 projection of  alongcos

cos

cos

 OL

OL

P P OL

P Q Q

P Q
P

Q

P

P

P

θ

θ

θ

= =

• =

•
= =

��

��

zzyyxx

OL

PPP

PP

θθθ

λ

coscoscos ++=

•=
��

•�	�" +, �!'� (8 �" �	��" (1, M,�
� /%? %?�": 

٣٢/69 



12/2/2025 

17 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

�	��" (� :!�<� (��� (� [�\ 

•�	��" (� :!�<� (��� (� [�\ 
 

��"��8 :�!'� +, ��� -�&� �	��" (L a� (���'� 
( ) scalar resultS P Q• × =

� ��

( ) ( ) ( )

( )
x y z z y y x z z x

z x y y x

x y z

x y z

x y z

S P Q S P Q P Q S P Q P Q

S P Q P Q

S S S

P P P

Q Q Q

• × = − − −

+ −

=

� ��
• (���'��	%)� :!�<� (��� (� [�\ 

•U? [�\ (��� (� :!�<� �,9 9	S, P  � Q �	%)� 
����� %��	� 7 � 4�Z. �� -� S��L�� 4�	. ��	 �	��" 

��	 ���" �Q� 4�Z. �� ���B� %�8 7&�. 
( ) ( ) ( )

( ) ( ) ( )SPQQSPPQS

PSQSQPQPS
��������

���������

×•−=×•−=×•−=

×•=×•=×•P 

Q S 
+ 

٣٣/69 

����� � ������� :���� 	!"	 #��$%&'�  

MF4

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

�!'� +, �!$ ���� +, -�&� 

•-�&�MO  ����� F (8 �� (N)� A �F	 %�8 7� �!$ 
(N)� O S���. 4�	 9	: 

FrM O

���
×=

•-�&� � �1�	MOL  �!$ �!'� OL )(8 9	 O  
��2� 7�( S���. 4�	 9	  �,!H�  �	��"  -�&�   MO 

��� -� �!'� 
( )FrMM OOL

�����
×•=•= λλ

•-�&� ��� (L a�F  S�H�<� ����!'� �!$ 

xyz

zxy

yzx

yFxFM

xFzFM

zFyFM

−=

−=

−=

(�1�: 4V�    �����Q	 64�	 	�,9 [�\ �	 (N)� �	%)� � 4V� MOL 	� %�� 7�. ��	 MOL  
4�b� %?�" 4V� -� (" f�c     � ��	 MOL  7L�� 6%?�" 4V� -� M �<�      4�	. 

λ
�

λ
�

λ
�

x y zF F i F j F k= + +
� � �

r xi yj zk= + +
� � ��

٣٤/69 



Slide 33

MF4 In triple products if we put the last vector in the first the sign is not changed, otherwise (interchange 
the first and the second)  the sign is changed.
My Friend٢۶/؛ ٠٢/٢٠٠٩



12/2/2025 

18 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

�!'� +, �!$ ���� +, -�&� 

•-�&� +, ���� �!$ +, �!'� �����Q	 
(8 9	 O ��2� 7&�: 

 

 

 

•(^��� *)��� 9	 (N)� B �� �	%��	 
�!'� ��!� ��� 4�	.  

( )

BABA

BA

BBL

rrr

Fr

MM

���

���

��

−=

×•=

•=

λ

λ

٣٥/69 

����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

 (�!&� ��b�3.5 

����� P �" +, �
1� %���� *1? 
�F	 %�8 7�.  [!�N� 4�	 -�&� P: 

M 	( �!$ A 

[( �!$ (�  AB 

g( �!$ �NC AG � 

�( (���> ��!&. #�" AG � FC 

٣٦/69 

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

19 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

 (�!&� ��b�3.5 )(�	�	( 

• -�&�P  �!$A: 

 

 

 

 

 

• -�&�P  �!$AB: 

( )( )2AM aP i j k= + +
� � ��

( )( )2

AB AM i M

i aP i j k

= •

= • + +

� �

� � � �

2ABM aP=

( )
/

/

A F A

F A

M r P

r ai aj a i j

= ×

= − = −

� ��

� � � ��

( 2)( 2 2 ) 2( ) / 2P P j k P j k= − = −
� � � ��

( ) 2( ) / 2
A

M a i j P j k= − × −
� � � ��

٣٧/69 

����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

 (�!&� ��b�3.5 )(�	�	( 

• -�&�P  �NC �!$AG: 

( )

( )

( ) ( )

( )111
6

23

1

2

3

1

3

−−=

++•−−=

++=

−−=
−−

==

•=

aP

kji
aP

kjiM

kji
aP

M

kji
a

kajaia

r

r

MM

AG

A

AG

AG

AAG

������

����

���
����

�

��

λ

λ

6

aP
M AG −=

٣٨/69 

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

20 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

 (�!&� ��b�3.5 )(�	�	( 

• #�" ��!&. (���>AG  �FC: 

 

 

• 6#,	�"��"P  �"AG 4�	 �!&.. 

( ) ( ) ( )

0

110
63

1

2

=

+−=−−•−=•
P

kjikj
P

P
�������

λ

Pd
aP

M AG ==
6

6

a
d =

٣٩/69 

����� � ������� :���� 	!"	 #��$%&'�  

��b� 

٤٠/69 

( )

( )

couple z handle

couple z blade

M M 4

4 4
133 N

.03

M M 4

4 4
800 N

.005

handle

handle

blade

blade

Fd

F
d

Fd

P
d

= = =

= = =

= = =

= = =

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

21 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

  *3!8 +, -�&� 

•�� �����F  � -F (8 �	%)� �� -� �"	�" � 
������	� �� -� �9	!� � 4V� �� -� M �<� 

�J,%1, 4�	 	� +, *3!8 )g�9 ����( %�,!� 7�. 
•9	 4�	 S���. *3!8 +, -�&�: 

( )
( )

FdrFM

Fr

Frr

FrFrM

BA

BA

==

×=

×−=

−×+×=

θsin

��

���

�����

•�	��" -�&� +, 6*3!8 *)��� 9	 *'� =8�� 
S�H�<� 4�	 7�
, +, �	��" �	9� 4�	 � 
%�	!� 7� �� �� �	 (N)� �F	 %�8 (8 (&� �� -� 

S	�F	 7V"��� ��� ��� %��	�.  
• *3!8 -�&� 7��� 	� *3!8%�,!� 7� =��. 

٤١/69 

=

=

=

M = Fd

M = Fd

M = Fd

Fd
F

4�	 *3!8 ���
� /%? /�	%���� ��� -�&� (&� . 

- 

٤٢/69 



12/2/2025 

22 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

*3!8 +, -�&� 

�� *3!8 ��� -�&� 7���1, %��	� ��	: 

.١(N"	� *"�)� �	�C�" %?�" 

.٢�� *3!8 �� S�'L� �9	!� �	�C (�>�� 
%�?�" � 

.٣�� *3!8 �� 4V� %�?�" �, *,�&� (" 
UQ�D �� +, 4V� n�Q 	� �� ��� 

K.�" %�!?. 

2211 dFdF =

٤٣/69 

����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

�� *3!8 _&� 

•�� ('L� _c�)�� P1 �  P2	� �� ��� %,��J"  
(8 �� �� �	%8 +, *3!8 �!�� ��	�. 

 

•%�,��" ���	��" =�� *�1�� +, *3!8 %��� 7�: 
 

•�" /��L��	 9	 (�iC -!�,�	� �,�	�: 
 

•`!&^� �� *3!8 =�� +, *3!8 4�	 (8 �"	�" 
4�	 �" _&� ��	��" �� *3!8 

222

111

 planein  

 planein  

PFrM

PFrM
���

���

×=

×=

( )21 FFrRrM
������

+×=×=

1 2M r F r F= × + ×
� � �� �

= = 

1 2M M= +
� �

٤٤/69 



12/2/2025 

23 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

�	� -��� �	��" �" -	!� 7� 	� �� *3!8 

•+, *3!8 	� -	!� 7� �" +, �	��" (8 �	%)� � 4V� -� �"	�" �" -�&� *3!8 
4�	 -��� �	�. 

•����	��" *3!8 9	 -!��C _&� ���	��" 4�
�� %��8 7�. 

•����	��" *3!8 ����	��" 6%��	9� 7�
, *'� �F	 �� -� �V� 4���. -�&� +, 
*3!8 �� (&� :�)� �i> -��1, 4�	. /	!Q -� (N)� ��� /9�� 6%?�" /	!Q 
%?���. 

•����	��" *3!8 	� �� -	!� 7� (" 7,�� (L a� (,=^� ��8. 
٤٥/69 

����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

 (�!&� (�j��3.6 

��� (L a� 7�3!8 (8 ���
� 
����� ��� *3!8 -��� /�	� 

/%? 4�	 (" 4�� %,���. 

*$: 

•��	 �� ����� ����� � 4V^ 	 M��<�20 lb 

 	� 4V��� x+ �� (N)� A ��	� 6���8 (� 
-�&� ���	!Q 4?	� (8 ��� (L a� -�&� (" 

7�$	� (���'� �!? 7�. 

•�, -	!� 7� `!&^� ��� -�&� ��VD ���� 	� 
�!$ +, (N)� �����Q	 (" 4�� �,���. 
(N)� D (N)� 7����� 4�	 	�,9 E)> �� 
���� �!$ -� -�&� �L���l %��	�. 

٤٦/69 

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

24 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

 (�!&� (�j��3.6 )(�	�	( 

•�� ����� ����� � 4V^ 	 M��<�20 lb  
	� 4V��� x+ �� (N)� A ��	� ���8 7�. 

• (� *3!8 	� -	!� 7� �" (� �	��" *3!8 
-��� �	�.   

( )( )

( )( )

( )( ) in.lb 180in. 9lb 20

in.lb240in. 12lb 20

in.lb 540in. 18lb 30

⋅+=+=

⋅+=+=

⋅−=−=

z

y

x

M

M

M

( ) ( )

( )k

jiM
�

���

in.lb 180

in.lb240in.lb 540

⋅+

⋅+⋅−=

٤٧/69 

����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

 (�!&� (�j��3.6 )(�	�	( 

•�, `!&^� ��� -�&� ��VD ���� 	� 
�!$ (N)�  D (" 4�� �,��� 7�.   

•�V�� ������� ��	� �" :�)� C � E 
�!$ D -�&� %��	�. 

( ) ( )

( ) ( )[ ] ( )ikj

kjMM D
���

����

lb 20in. 12in. 9

lb 30in. 18

−×−+

−×==

( ) ( )

( )k

jiM
�

���

in.lb 180

in.lb240in.lb 540

⋅+

⋅+⋅−=

٤٨/69 

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

25 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

 (N)� �� ���� +, (" ���� +, (,=^�O *3!8 +, � 

•�	��" �����F  	� 
-	!� 7&� 7����" (" 

(N)� O  ��)��	 �	� 
-�%" (8 #,	 �����" �,� 
W�F	 ��� ��� 
���B� %�8 7� �, ��Q. 

•�� �	��" ����� ����� 
� 4V^ 	 M��<� 	� �� 

(N)�O  ��&.	 
���8 7� (8 �F	 7��Q 

��� ��� %��	2� 7&�. 

•-!�8	 (� ���� 	� 
�" +, �����  

���
� 9	 +, �	��" 
���� � +, �	��" 

*3!8 #,=J,�� 
6���8 7� 7�
, +,  
����� ����-*3!8. 

٤٩/69 

����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

 (N)� �� ���� +, (" ���� +, (,=^�O *3!8 +, � 

•��)��	 F  9	 A (" (N)� ��J,� %����O’  9��� (" (>�\	 -��8 �	��" *3!8 
��J,� %���� MO’ 4�	. 

•-�&� F  �!$O  �  O’ �" (N"	� �,9 (" �� :!"�� %�!? 7�: 

 

•��)��	 +, ����� ����-*3!8 9	 O ("  O’9��� (" -��=>	 -�&� ���� 
�!$ O (" -�&� �!$ O’  4�	. 

FrM O

���
×′='

( )

FsM

FsFrFsrFrM

O

O
���

����������

×+=

×+×=×+=×= ''

٥٠/69 

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

26 

(N)�O  4�	 ���� �F	 EQ ��� 

٥١/69 ����� � ������� :���� 	!"	 #��$%&'�  

= = 

(N)�O   ���� �F	 EQ ���4��� 

٥٢/69 

-�&� �	��" �	9� 4�	 � �� �� (N)� 
%���� P %�	!� 7� -��� /�	� �!?. 

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

27 

(�ZQ 

٥٣/69 ����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

�%
" (� ��i> �� 7�8 ������� ����� :*3!8 � ���� +, (" U��8 

•+, ����� ���� 	� -	!� 7� �" 7,�� (.!&^� 9	 ���� -*3!8 ��  
+, (N)� %���� O #,=J,�� ��8. 

•����	��" ���� � *3!8 	� �" �� ��8�� ���8 7� � (" +,  
�	��" ����� %�,��" � +, �	��" -�&� %�,��" *,%�� ���8 7�. 

 

•����� ���� -*3!8 �� O 	� �" (>�\	 -��8 -�&� R �!$ 
O’ (" O’ *)��� ���8 7�. 

•�� ����� ���� 	� �� 7��!� ���
� ��,!� 7� (8 -	!�" �� -�  
	� (" +, ����� ����-*3!8 7V"��� *,%�� ��8. 

( )∑∑ ×== FrMFR
R

O

�����

RsMM
R

O

R

O

����
×+='

٥٤/69 

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

28 

٥٥/69 

�" 4�	 ���
�:  

�" 4�	 ���
� �:  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

 (�!&� (�j��3.8 

�	�" ��� 6/%? /�	� -��� (.!&^� ������  
	� (" M 	( +, ����� ����-*3!8 ���
�  
�� A6 [( +, ����� ����-*3!8  

���
� �� (N)� B6 � g( +, �����  
���
� �, %�,��" *,%�� %�,�&�. 

4C� �!?: 9	 �^�� (8 *&
 	 T1.  
�� /�� (�1� �� ��� (�>�� 6%�%�� �����  

/�	� /%? ���
� ��� 	� #��G� %�8 7&�. 

*$: 

M 	( %�,��" 7,���� 	� �	�" �������  
-��� /�	� /%? � %�,��" -�&� 	� �	�"  
-�&� ������ �!$ (N)� A (���'�  
%��8. 

[( +, ����� ���� -*3!8 ���
� ��  
B (" 4�� %,��� (8 ���
� �����  

����-*3!8 �� A %?�". 

g( *'� �F	 ����� %�,��" 	� -��D  
#��
� %��8 (8 -�&� -� �!$ A �"	�" 

�" *3!8 %�,��" �� A %?�".   

 
٥٦/69 

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

29 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

 (�!&� (�j��3.8 )(�	�	( 

*$:  

����� %�,��" � *3!8 %�,��" �� A 	� 
(���'� ���8 7�. 

( ) ( ) ( ) ( ) jjjj

FR
����

��

N 250N 100N 600N 150 −+−=

= ∑

( ) jR
��

N600−=

( )
( ) ( ) ( ) ( )

( ) ( )ji

jiji

FrM R

A

��

����

���

2508.4

1008.26006.1

−×+

×+−×=

×= ∑

( )kM
R

A

��
mN 1880 ⋅−=

٥٧/69 

����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

 (�!&� (�j��3.8 )(�	�	( 

[( +, ����� ����-*3!8 �� B (" 4�� 
�,��� 7� (8 ���
� ����� ����-*3!8 �� A 

%?�". 

�" ��)��	 ����� ����-*3!8 9	 A (" B ���� 
����B� %�8 7&�. ( ) jR

��
N 600−=

*3!8 �� B �"	�" 4�	 �" -�&� ����� ����-
*3!8 �� (N)� A �!$ (N)� B. 

( ) ( ) ( )

( ) ( )kk

jik

RrMM BA

R

A

R

B

��

���

����

mN 2880mN 1880

N 600m 8.4mN 1880

⋅+⋅−=

−×−+⋅−=

×+=

( )kM
R

B

��
mN 1000 ⋅+=

٥٨/69 

����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

30 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

 (�!&� (�j��3.8 )(�	�	( 

g( %�,��" ����� ������� ��	� ���
� 4�	 �"  
R � (N)� �F	 -� %,�" ��!c %?�" (8 ������  
R �!$ (N)� A �"	�" �"       %?�". 

( ) ( )600 N 1880 N m

3.13m

R

Ar R M

xi j k

x

× =

× − = − ⋅

=

� ��

�� �

( )600 N , 3.13mR j x= − =
� �

٥٩/69 

R

AM
�

( )600 N j−
�

A B 

x 

����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

 (�!&� (�j��3.10 

(� *"�8 (" +, 4�" *H�� 
%�	 /%?. ������ 	� �" +, ����� 

����-*3!8 �� A #,=J,�� %��8. 

*$:  

•����	��" 4�
C!� 7��� 4��� (" 
(N)� A 	� �	�" :�)� ��&.	 

������� �� *"�8 (" 4�� �,��� 7�. 

•������ 	� (" ��� (L a� #,=���8 
(,=^� ���8 7�. 

•����� ���
� 	� (���'� ���8 7�. 

 

•*3!8 ���
� 	� (���'� ���8 7�. 

∑= FR
��

( )∑ ×= FrM R

A

���

٦٠/69 



12/2/2025 

31 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

 (�!&� (�j��3.10 )(�	�	( 

*$: 

• (" 4��� 7��� 4�
C!� ����	��"
 (N)�A �,��� 7� 4�� (" 	�. 

( )

( )

( )m 100.0100.0

m 050.0075.0

m 050.0075.0

jir

kir

kir

AD

AC

AB

���

���

���

−=

−=

+=

•������ 	� (" ��� (L a� #,=���8 
(,=^� ���8 7�. 

( )

( )N  200600300

289.0857.0429.0

175

5015075

N 700

kjiF

kji

kji

r

r

F

B

BE

BE

B

����

���

����
�

��

+−=

+−=

+−
==

=

λ

λ

( )( )
( )N  1039600

30cos60cosN 1200

ji

jiFD
��

���

+=

+=

( )( )
( )

1000 N cos 45 cos 45

707 707   N

CF i k

i k

= −

= −

� ��

� �

٦١/69 

����� � ������� :���� 	!"	 #��$%&'�  

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 
E

ig
h

th
 

E
d

itio
n

 

 (�!&� (�j��3.10 )(�	�	( 

•����� ���
� 	� (���'� ���8 7�. 

( )

( )

( )k

j

i

FR

�

�

�

��

707200

1039600

600707300

−+

+−+

++=

= ∑

( )N  5074391607 kjiR
����

−+=

•*3!8 ���
� 	� (���'� ���8 7�. 

( )

k

kji

Fr

j

kji

Fr

ki

kji

Fr

FrM

DAD

cAC

BAB

R

A

�

���

��

�

���

��

��

���

��

���

9.163

01039600

0100.0100.0

68.17

7070707

050.00075.0

4530

200600300

050.00075.0

=−=×

=

−

−=×

−=

−

=×

×= ∑

kjiM
R

A

����
9.11868.1730 ++=

٦٢/69 



12/2/2025 

32 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

 ������ ����� :���� +, E)> (" U��8 

•��	 ����� %�,��" � *3!8 %�,��" ��O  �" �� �!&. 
%�?�"6 �, ������ _c�)�� (concurrent) 6%�?�" �� -� 

	� -	!� 7� �V�� (" +, ���� *,%�� ��8 (8 �� ����	� 
�%,%� %?�" � �, 9	 (N)� _c�)� ��2J". 

•����� ����-*3!8 +, ����� ���� �" �� %��!&. ��	: 

1( ������ ('L� ��(coplanar)  6%�?�" �, 

2( ������ �9	!� %�?�". 

٦٣/69 

����� � ������� :���� 	!"	 #��$%&'�  

�V�� 7,���� %�,��" +, (" �9�� /��� 

) _c�)�� ������ ��	 (concurrent) %�?�"( 

٦٤/69 ����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

33 

�V�� 7,���� %�,��" +, (" �9�� /��� 

��b� 

٦٥/69 ����� � ������� :���� 	!"	 #��$%&'�  

�V�� 7,���� %�,��" +, (" �9�� /��� 

)%�?�" ('L� -� �" �!&. =�� �� -�&� �	��" � %�?�" ('L� �� ������ ��	(: 

٦٦/69 ����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

34 

�V�� 7,���� %�,��" +, (" �9�� /��� 

)%?�" �� -� �" �!&. ('L� �� �� -�&� �	��" � %�?�" �9	!� ������ ��	( 

٦٧/69 ����� � ������� :���� 	!"	 #��$%&'�  

 ������ ����� ��� �� !� ���"� �� � #$%& !� ���� !�'�( )� ���
���"�* !� �� ������ ���� �. 

�V�� 7,���� %�,��" +, (" �9�� /��� 

)��	FR  � Mro %�?�" �!&. �� �"( 

٦٨/69 ����� � ������� :���� 	!"	 #��$%&'�  



12/2/2025 

35 

© 2007 The McGraw-Hill Companies, Inc. All rights reserved.  

 Vector Mechanics for Engineers: Statics 

E
ig

h
th

 
E

d
itio

n
 

 ������ ����� :���� +, E)> (" U��8 

•����� ������� ('L� �� (coplanar) 
(" +, ����� ���� -*3!8    �     �!&. 
�" �� U��8 %"�, 7�. 

•����� 	� -	!� 7� �" ��)��	 ����	� 

  �� (1�,	 -�&� -� �!$ O �"	�" �" 

  �!? (" +, ����� �V�� =�� U��8  �	�. 

•�" ��$ ��� (L a� 6#,=���8 

 

•(8 �J���� ( ��
� EQ �F	 R 4�	. 

R
�

R

OM
�

R
�

R

Oxyz MyRxRM =−=

R

OM
�

٦٩/69 

����� � ������� :���� 	!"	 #��$%&'�  

�	� 7�?!JX�3 %�,��" +, (" �9�� /��� 

٧٠/69 

��	 �� 7&���� %�,��" ������ �" %�,��" �� -�&� 
�!&. 6�!�� -�&� %�,��" 	� -	!� 7� (" �� (L a� 

�� ����	� �9	!� ���� � �!&. �" -� (,=^� ��8: 

�" 7,�^"�� %�,��" ������ 

9	 O (" P (" S	9	!� 

W�!Q (" /9	%�	 

�,�	�: 

R

M
d

F

⊥=

-!�8	 �" 7,�^"��     (" S	9	!� W�!Q �� �� ����	�  

FR �	�C ���J" %�,��" �	� 7�?!JX�3 (" 4�� %,� 7�. 

M
�


