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DAEGF HJILK�MON?P�QSRUTOV�Q.MOWXQYTOZ[V\IL]0TOV�Q�^,I�_X`La"bcQ�ZYRd`LK"QLE�ef`LWLQg`h]
RiQSQBjkalIAP"mnP�Nc`LopRd`X^
IX]!TOV�Q6^qILa�Ncb?QrZSRO`LK�QLE�s6V�Q6tuV�QSQYbcMv`LROQ6w2]xTy`Lz{`XRiTy`LK�PgTdV"Q|ZYQSK&TdQYRvIX]8opRO`}_ANGTkm
N?MrV{`LbG]xtr`}mqa!Q~TktJQYQSK�TdV�Q�tuV�QYQSb?MSE0�UMiMO��^,Q�TdV�Q2a�`Lbcbc`LMiTJNcM6`LK�QB��TdQSRiK{`Lb8]
ILROZSQ
`XZYTdN?K�o�IpK"Q*]
IAILT�a!QYV�NcK"P�TdV�Q�b?QY]xTg`��Ab?Q�`LK�P�TOV{`XT�TOV�Q*tJQYNcopV&TgV{`XK�opNcK"o�IL�
TOV�QUZYRd`LK"Q�`XTvz!ILNcK&Tr��NcMv`LbcMiI�TdRiQ}`XTOQSP�`XMr`LKqQ~��TdQYROK{`Lbl]
IpROZYQLE0��RO`�t�TdV�Q|]
ROQSQ
alI�P"m�P�N�`XopRd`L^��{b�`Xa!QYb�`Xbcb=TdV"Q�]
IpRiZSQSMU`LK�P�P"Nc^,QSK�MiNcIpK�MYE|�JQ�Mi��ROQ(TdIhN?K�ZSb?��P�Q
`.ZYIAIpRiP�NcK�`XTdQ�`��AN?MSE

W

5 ft

3 ft

Ballast

weight WB

c.g. 1000 lb
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DAE¥¤5�¦Mi^h`Xbcbla�RON?P�opQ�IpK�`�tJ`LbcW�NcK"o�z{`XTOV�V�`LM|`�z�NcK�`XTuILK�Q2QSK�P8��`LK�P�`.ROIpb?bcQYRr`XT
TOV�QUIXTdV�QYRSE � QYz{`LRd`�TdQUTOV�Q�a�RiNcP�opQu]
ROIL^§NGTdMvMO��z�zlIpR�TdM6`LK"P�^h`LWXQ�`�]
RiQSQ�alI�P"m
P"N�`LopRO`L^�E�s6V�Q2ZYQSK&TdQYR6IL]¨opRd`}_�N?TkmqIL]�TdV�Q2a"RONcP"opQ�NcMJ`XT6NGTdMropQYIp^,QYTdRiNcZ�ZSQSK&TOQSRS�
^,NcPAtr`}m*alQYTktvQSQYKfTdV"Q(Mi��z�zlIpRiTOMSE
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10 ft
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DAE¯£���K�`LP�°i��M�T[`La"bcQ2MOV"QSb?_�N?K�o.Mim�MiTOQS^±ZYIpK�MiNcMiTOMuIL]�`�ROI�P�^qIp�"K�TOQSP�TdIg`�MiV{`X]xTuIpK
TOV�Q�b?QY]xT�`LK�P�`,]
RON?ZYTONcIpK�b?QSMiM|Mi��z�zlIpRiTUIpKnTOV�Q�RiNcopV&TSE � MiIpb�`�TdQ�TdV�Q�MOV�QYb?]²a�RO`LZSQ
`XK�P�^h`LWXQ(`.]
RiQSQ�alIAP"m*P�N�`LoLRd`L^§IL]¨TdV�Q�Mim�M�TdQS^�E

A B
Shelf brace
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RiQSQ�alI�P"m�P�Nc`LopRO`L^µIL]²TdV�Qg`X�"TdIp^,Ipa�N?bcQ(MON?P�Q�^,NcRORiIpR|z�NcZ~Td��RiQSP=�¶a&m
N?MOIpbc`XTdN?K�o�TdV"Qn^,NcRiROIpR�]
RiIp^·TdV�Q�Z}`XRqalIAPAmpE � K�ZYbc��P�Q�TdV"Qf^,NcRORiIpROM�tvQSN?opV&T}E
s6V"Q(^,NcRiROIpRv]
IpRO^,M6`.¸"�AQSPfZYIpK�K�QYZYTONcIpK�tuN?TOV�TdV�Q�Z}`XR|alI�P"mpE
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ROQSQ alI�P"m¦P�Nc`LopRd`X^ IL],TdV"Q5alQ}`X^ ��MOQYP�TOI½V"IpbcP¦��z¾TdV"Q5MiNcopK
N?bcb?��MiTORd`XTOQSP=E¿s6V"Q\MiNcopK½V{`LM�`�tJQYNcopV&TnIL]qF�À5b?a½`LK�PÁTdV�QÂ��K�NG]
IpRO^ a!QS`L^
tvQSN?opV�M�D�bca=E

x

y

z

4 ft.

(0,-2,3)

(0,0,3)

(0,2,3)
Ã
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T T1 2

10 lb

FBD of Sign
Ä

T
T

T

TT

A

A

A

1
2

y­
x®zÅ

5
Æ

4
3

3ft
Ç

y­
x

z

1 ft 1.5 ft

.5 ft
1.5 ft

2 ft
È

FBD of Beam
Ä

2 ft
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IpRi^n�²wXj�^qQ~TdQYR.bcIpK�oÂMib�`LaÊNcMgMi��z�zlIpRiTOQSP�a&mÊ`ÂZ}`Xa�bcQ�`XT,ËÌ`LK�PÊTktvI
RiNcopN?P�bcNcK"W�M|`XT�zlIpNcK&TdM|�Í`LK�PÏÎgErs6V�Q�MOb�`XafV{`LM�`q^q`LMiM�IL]²DAEGF�W�o�Eu��Rd`}t¾`
]
RiQSQBjkalIAP"mhP�N�`XopRd`L^ÍIL]¨TdV�Q�MObc`La=E

4 m

65°

35°
A

B C
1 m
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� Ipbc�"TONcIpK8�n�vQSZ}`X��MOQ�TdV�Q�MObc`La�N?Mg��K�N?]
ILRO^·NGTdM,ZSQSK&TOQSRhIX]�opRO`�_�NGTkmÊNcM,`XTgTdV�Q
ZYQSK&TdQYRSE � K�ZSIp�"Rd`LopQ�M�Td��P�QYK&TdMuTdI,P�Nc^,QSK�MiNcIpK*TOV�Q � �r��Ð³MSE
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DAE¯Ý���K�Ipb?P�NcZYQ�alI��fNcM�z�b�`XZSQSPfIpKÏ`hRO`L^qzfV{`}_AN?K�o�`hMibcIpzlQ�IX]uF�DLÞSE�s6V"Q�a!I}�fNcM
E³wh^ ß¾F�^µNcKnZSRiIpMOM�MiQSZ~TdNcILKntuN?TOV�N?TOM�ZYQSK&TdQYR�IL]²oLRd`}_�N?Tkm�`XTUN?TdM|opQYIp^qQ~TdRiNcZ
ZYQSK&TdQYRSE�s6V�Q�alI��nN?MUV�QYbcPfN?K�z�bc`LZSQ(a&m�`hMi^h`Xbcb¶RON?antuV�N?Z[V�Z}`XKÏa!Q�^qI�P�QSb?QSP
`XM�`Lz�z"b?m�NcK�oh`,]
IpRiZSQ�`LbcIpK"oqTdV"Q�Rd`X^qz=E���Rd`}tà`q]
RiQSQ�a!I�P"m�P�N�`XopRd`L^áIX]âTdV�Q
alI}��tuV�N?Z[VnV{`XM�`.^q`LMOMuIL]âDLÀ.W�o�E

15°

c.g.
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� Ipbc�"TONcIpK8�\s6V�N?M�NcM�` opI�I�P´TdNc^,QnTOIÊz!IpN?K&T�Ip�"T*TOV{`XT�TOV�QÏQ~�"`LZ~Tnb?IAZS`XTdN?IpK
IX]yTOV�QgK�IpRi^h`Lb¨]
IpROZYQgã7NcM�K�IXT�W�K"I�tuK\��K&TdN?b�TdV�Q.QYä��{`XTdN?IpKÂIL]vQSä���Ncb?Nca�RiNc��^
P"QYTdQYRO^,NcK�QYM6N?TSE
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F}ÀpÀ�jèç¼MiNcopK*V�`LK�opMva�mqROILz!QYMr`LMvNcbcb?��MiTORd`XTOQSP=E�`&êy��Rd`}tÁ`�]
RiQSQ~j�a!I�P"m,P�Nc`LopRd`X^
IX]�TOV�Q�MONcoLK=�{`LK�P�a�êJP�RO`}t¦`.]
ROQSQBjkalIAPAm*P�Nc`LopRd`X^ØIL]¨TdV�Q�a{`XRSE





0.3m

0.4m




0.3m

0.3m




x
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z

A

B

0.2 m

0.2 m

0.4 m
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FBD of Sign
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í
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0.3m

FBD of Beam
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ROQSQ,alIAP"mÂP"N�`LopRO`L^ðIX]JTdV"Qqb?N?]xTdN?K�o�^,QSZ[V{`LK"NcMO^ðNcbcb?��MiTORd`XTOQSPÏtuV�N?Z[V
V�`LM|`g^q`LMiM6IL]rF�À.W�o�E

b
B

c

1000 N

Motor

20°

a

c.g.
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DAEGFpFõsrtvI�Z[V�N?bcP�RiQSKh`LROQ�MituNcK"opNcK�o�]
ROIL^Í`,F�¤�]xTvbcILK�ou°i��K"opbcQ|oLm�^æTdV{`XTytvQSNcoLV�M6DLÀ
b?a�MSEJHJV�N?bcP�Î3tJQYNcopV"M�×LÀ.b?af`LK"P�TOV�Q�Z[V�Ncb?Pf`XT|öátvQSNcoLV�MUÉLÀ,b?a�MSEJHr`LbcZY��b�`�TdQ
TOV�Q�ROQS`LZYTONcIpK�Mr]
ILRrTdV�Q�z�N?Kn`�TuË�`XK�P�TOV�Q�ROIpb?bcQYRr`XT��hE

9 ft

8 ft

4 ft c.g.

A

B
C D
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� Ipbc�"TONcIpK8� � N?ROMiTuZYIpK�M�TdRO�"ZYTU`.]
RiQSQ�alIAP"m*P�N�`LoLRd`L^§IL]¨TdV�Q2TdILz�alQ}`X^n�

70lb

A
÷

cgøC
ù

x

yú

4ft
û

4ft
û

1ft 3ft
üF

z

F2F1

50lb 60lb
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ç|ILTdQ,TdV{`�T�TOV�QSMiQ�`LROQh`Lbcb²z{`XRd`Lb?bcQSb²]
IpRiZSQYM�MOIntJQ*QB�Az!QYZYT.TdInV{`}_pQ*ILK�b?mÂTktvI
N?K�P�QYz!QYK�P�QSK&T|QSä��{`�TdNcILK�M|`�_X`LN?b�`La"bcQL�

þ6ÿ � À � þ Ú � � À �
s�`LW�NcK"o,^,Ip^,QSK&TdMu`Xa!Ip�ATuË¾m�N?QSbcP"M

þr1������	��
 é%w�êYé ×LÀ&ê
�� b?a"]xT 
 é%Ý&êSé DLÀ&ê��� bca"]xT 
 é å&êYé ÉpÀpê��� b?a"]xT��5é�F�¤LêiÚ�����
é
ZSIpK&TdN?K���QSP�ê

£&DL£



tuV"NcZ[V�NcM6MON?^qz"b?m

Ú�� � F
F�¤ é ¤LÝpÀ��Êw&ÀpÀ���D�w&À&ê � F�ÀAF � Ép× � F�À&¤�bca �

ç|Q~��T|MO��^,^,NcK�o�TOV�Q2]
IpROZYQSMuNcK�TdV"Q��hP�NcRiQSZYTONcIpK*m�N?QSbcP"M
þ Ú � � Ú�� 
 ×LÀ 
 DXÀ 
 ÉpÀ��½F�À&¤ � À

ILR
Ú�� � F�ÝpÀ 
 F}À&¤ � ×LÝ.bca �

£&DXw



DAEGF�¤5�¾Mi^h`Lb?b=zlQSP�QYMiTdRiN�`LKna�RON?P�opQ�NcMuMi��z�zlIpRiTOQSPfa&m�`gROI�Z[WLQYR�`XT�`LK�QSK�P�é �.ê6`LK"P
`�z�NcK�`�TJTdV"Q�ILTdV"QSR�é
Ë2ê~E²� ¤LÀpÀ�j�bcaqz!QYROMOILK�NcMJM�T[`LK"P�NcK�o�w�]xT6Ip�"Tv]
ROIp^ zlIpNcK&T
Ë�Eus6V�Q�a�RiNcP�oLQ�V{`XM�`,tvQSN?opV&TUIX]yDLÀpÀ,bca=E6��MOMO�"^qN?K�oqTOV�Q�ZYQSK&TdQYR�IL]²opRO`}_ANGTkm
N?M2NcKÏTdV"Q,^,NcP"P�bcQ�IL]vTOV�Qga�RON?P�opQX�¨ZS`LbcZY��b�`�TdQ�TOV�QgROQ}`XZYTdN?IpKÙ`XT(z!ILNcK&TdM2Ë `LK"P
�qE

A B

20 ft

�������U�|� � D�E?F�¤

� Ipbc�"TONcIpK8� � N?ROMiT�P�RO`�tæTOV�Qq]
RiQSQ*alI�P"mÂP�N�`XopRd`L^�E�s�`LW�NcK�o�^,Ip^,QSK&TdM�`LalIp�"T
zlIpN?K�TrË¾m�N?QSbcP"M

þr1�����
 é�F}À&êSé DLÀpÀ&ê �� 
 é
w�êSé ¤LÀpÀ&ê �� ��¤LÀL� � ��
ILR

� � � F
¤LÀ é DLÀpÀpÀ��5ÝpÀpÀ&ê � ¤LåpÀ.bca �

A

A

200 lb
500 lb
Æ

4 ft

10 ft 10 ft

x

y­ By�
�������U�|� � D�E?F�¤

ç|Q~��T|MO��^±TOV�Q2]
IpROZYQSMuNcK�TOV�Q��hP�N?ROQSZ~TdN?IpK�mAN?QSb?P�M
þ Ú � � À

ILR
À � Ë � 
 ¤LÀpÀ 
 DLÀpÀ���¤LåpÀ

ILR
Ë � � w�F}Àgb?a �

ç|ILTdQ2Ë�� � À.MiNcK�ZYQ(NGTuNcMrTOV�Q�IpK�b?mq]
IpROZYQ�NcK�TdV�Q �fP�NcRiQSZYTONcIpK8E
£&DpD



DAEGF�£´HJILK�MON?P�QSR2`qP�QSZ[W�alQ}`X^ÌIX]v^q`LMiMUw�DhW�ohtuNGTdVÂ`*åpÀqW�o�^q`LK�M�T[`LK"P�NcK�ohK�Q}`LR
TOV�Q�QYP�opQLE�Hr`LbcZY��b�`�TdQ�TOV�Q.ROQS`LZYTONcIpKn]
IpROZYQSM�`XT�TOV�Q.z�N?KÂ`XT2zlIpNcK&T�Ë `XK�P�TdV�Q
RiIpbcb?QSRJ`XT|z!IpN?K&Tu�hE

A B

3 m

4 m

5 m 2 m
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� Ipbc�"TONcIpK8��s6V�Q�]
ROQYQ(alI�P"m*P�Nc`LopRO`L^ØN?M

A

A W W

A

4 1 2
ë

y­

x®

y­ B
«

M
!

x®

B y"
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s�`LW�NcK"o,^,Ip^,QSK&TdMu`Xa!Ip�ATuz!IpN?K&TuË mAN?QSb?P�M
þr1��#�$�%��
 é%w&êSé%wLw�F�ê �� 
 é ×pêSé%ÝpÝ&¤pê �� ��DL� � ��

ILR
� � � F�DXÝpÝgç �

ç|I�t MO�"^q^,NcK�o�TOV�Q2]
IpROZYQSMuNcK�TOV�Q��hP�N?ROQSZ~TdN?IpK�mAN?QSb?P�M
þ Ú � � Ë � 
 wLw�F&�½F�DLÝLÝ 
 Ý&¤p¤�ç

ILR
Ë � ��
 ¤LÉ&D.ç

tuV"NcZ[V�^,Q}`LK"M|TOV{`XT2`XM�P�RO`}tuKÏNcKnTOV�Q � �r�àTOV�Q�P�N?ROQYZYTdN?IpKfIX]²Ë � MOV"Ip��bcPna!QP"I�tuK\`Lb?IpK�o%' K�QYo&`XTdNG_pQ(�fP"NcROQYZYTONcIpK=E�ç�ILTOQ�TdV{`XT2TOV�QgIpK�bGmf]
IpRiZSQ.NcK�TOV�Q)�
P"NcROQYZYTONcIpK�N?M6Ë+*�MOI.TdV{`�T�Ë�* � À"E

£&DLÉ



DAEGF}w���K¿`LN?RÂZSIpK�P"N?TdN?IpK�N?K�oÁ��K�N?T\V{`}_�NcK�o ` ^q`LMOMÙIL]�¤XÀpÀ½W�o MON?TOMõIpK3` MiV�QSbG]
Mi��z�zlIpRiTOQSP�a&mf`qz�N?K�`LK"P�Z}`La"bcQ�`LRORO`LK�opQY^qQYK�TU`LM�Ncbcb?��MiTORd`XTOQSP=E6��MOMi��^qQ(TdV�Q
oLQSIp^,QYTORONcZ(ZSQYK&TdQSR�`XK�PÏZSQYK�TOQSR�IX]0opRd`}_�N?TkmnZSIpN?K�ZSN?P�Q�`XK�P�TdV{`�TUTdV"Q�z�b�`�TO]
IpRi^
V�`LM|`g^q`LMiM6IL]0¤pD�W�o�EyHr`Lb?ZS��bc`XTdQ�TOV�Q�ROQS`LZYTONcIpK�Mu`�T�Ë¾`XK�Pf�qE

6m

8m

A

B

cg
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� Ipbc�"TONcIpK8��s6V�Q�]
ROQYQ(alI�P"m*P�Nc`LopRO`L^ØN?M

4m
ì

2m
ë

2m
ë

245N
ë

(200 9.81)y­

x®

B

A

A

T

.
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 é%w�êYé ¤Xw&Dpê �� 
 é%É&êSé ¤LÀpÀ&êYé å � Ý"F�ê �� � é%Ý&ê.- ��
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RO`XTdQYPn]
IpRuTdQYK�MON?IpK�IL]²`XTUb?Q}`LM�T�åLÝ"F�ç(E � RiIpa{`La�bGmp��TdV�Q�^h`XK��A]%`LZYTO��ROQYR�tvIp��bcP
N?K�ZSRiQ}`LMiQ�TOV�NcMyROQYZSIp^,^qQYK�P{`XTONcIpK,a&m*`#5�]%`LZ~TdIpRyIL]�Md`�]
QYTkm�7.`LK�P*`La!IL�"Tr`�¤LÀpÀpÀ
ç§Z}`La"bcQL��°i��MiT.N?KõZS`LMOQhTOV�Q�`LMiMO��^,z"TONcIpK�M�`LROQ,tuROIpK"o��²IpR�N?KõZS`LMOQ*MiIp^,QSIpK�Q
b?Q}`LK"MJIpK*TOV�Q�P�I�IpRS�AQYTOZLE0s6V�Q�K�QB��Tuz�ROIpa"bcQS^§bcI�IpW�Mr`�TJtuV{`XTuV�`Lz�zlQSK�MrNG]¶TdV�Q
ZS`La�b?Q2P�IAQYMuK�ILTuROQY^h`XNcK�_pQYRiTdN?Z}`Lb E

£&×LÀ



DAE¥¤p¤5s6V"Q�^q`LK��"]%`LZ~Td��RiQSR|IL]0`gMiTdILRd`LopQ(a�N?Kn��MiQSM2`.tuNcK"P�NcK�o,^,QSZ[V{`LK"NcMO^±TOIqILz!QYK
`XK�P�ZSb?IpMOQ,TdV�QhP�IAILRSE � ]6TOV�Q*��K"N?]
IpRi^ P�IAILR�tvQSNcoLV�M*F�ÀpÀ�bca=��Z}`Lb?ZS��bc`XTdQgTdV�Q
TOQSK�MiNcIpKõNcKõTOV�Q*Z}`Xa�bcQ�`XK�PõTdV"Q*ROQS`LZYTONcIpKõ]
ILROZSQhIpK�TdV�QhV�NcK�oLQq]
IpR�`LK�opb?QSM<�
RO`LK�opN?K�oU]
RiIp^¿D�TOI2w&À Þ NcK�NcK�ZYROQS^,QSK&TOM²IL]8D Þ Eâ��MOMO�"^qQrTOV�Q6ZSQYK�TOQSR0IL]l^q`LMOMâIX]
TOV�Q6P�I�IpR²NcM�N?TdM²oLQSIp^,QYTORONcZJZSQSK&TOQSRSE²s6V"NcM²NcKA]
IpRO^q`XTdN?IpK�N?M²K�QSQYP�QSPgTdI�z�RiIpzlQSRObGm
P"QSMON?opK�a!IXTdV�TdV�Q�V�N?K�opQ�`LK�P�TOV�Q�Z}`La�b?QLE

10 ft

10 ft
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�����(������� D�E©¤p¤
� Ipbc�"TONcIpK8�¶s6V�Q6¸{ROM�T0MiTdQYzgNcMâTdI2^q`LWXQ6`�]
ROQSQ6alI�P"m�P"N�`LopRO`L^�`LK�P�TdI�ZS`LROQ~]
��bcbGm
K"ILTdQ�TOV�QgopQSIp^,QYTORimÏIX]vTOV�QgMim�MiTOQS^�Eqç|ILTdQ.]
RiIp^ TOV�QgP�Rd`}tuNcK"o�TOV{`XT�¡0�=TdV�Q
`XK�opbcQ�-½^q`LWLQYMvtuN?TOVqTOV�QUV�ILRON89YIpK&T[`Lb�N?MJ`�]
�"K�ZYTONcIpKqIL]n�2TdV�QU`LK�opb?Q|TOV�QUP�I�IpR
]
ILRO^,MJtuN?TOV�TOV�Q�V�IpRON¢9SIpK&Td`Lb E � z!QYZSN?¸�Z}`Lb?b?m

T[`LK�¡ � F 
 MONcK��F 
 ZSIpM��
tuV"NcZ[V�Z}`LK�a!Q2MiQSQYKn]
ROIL^ØTdV�Q�MiWLQYTOZ[V=E
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é
ZSIpK&TdN?K���QSP�ê
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s6V"Q½]
IpRiZSQ½`LK�P§^,Ip^qQYK&TÊQSä���Ncb?Nca�RiNc��^ m�NcQYbcP�M½é ¤¦]
IpRiZSQÁQSä��{`�TdNcILK�MS��IpK�Q
^,Ip^,QSK&T6QYä���`XTdN?IpK�ê\ Ún* � Àg��À � Ë�* 
 -fZYIpM�¡õIpR6Ë�* 
 é
ZSIpM�¡�êh- � À é�F�ê\ Ú � � À,��À ��
 �L� 
 Ë � �£-fMiNcK�¡õIpR 
 Ë � � é%MiNcK�¡�ê.- � F�ÀLÀ é ¤pê\ 1e¤¦¥_��� �&À �½� �rß é 
 -§* � # �K- � �� êg� � �|ßÊé%Ë�* � # �ÊË � �� ê
ILR�	� é 
 DâZSIpM�� � # �qD²MiNcK�� �� ê�ß.é 
 -§* � # �(- � �� ê>�fé D²ZYIpM�� � #�
 DâMON?K�� �� ê�ß.é
Ë+* � # �,Ë � �� ê�%� é 
 D¨- � ZYIpM�����DâMiNcK���-§*©��D
ª¬«Q'[�XË�*���DâZSIpM���Ë � ê���
� ��a�MiTON?TO�"TdN?IpK�IL]x-§* � -nZSIpM�¡õ`LK�P@- � � -fMiNcK�¡õRiQSMO�"b?TdMuN?K

é 
 ZSIpM��âMiNcK�¡L�5MON?K��âZSIpM�¡�êh- 
 ZYIpM��XË � �5MiNcK��XË�* � À é £&ê;\RONGTdN?K�o�QSä��{`�TdNcILK�M�é�F�êB��é ¤pê6`LK"Põé%£&êr`LM|`.^h`�TdRON �*QYä��{`XTdN?IpK�mAN?QSb?P�M­®¯ F À 
 ZYIpM�¡
À 
 F MONcK�¡
MONcK�� 
 ZYIpM�� MON?K��âZSIpM�¡ 
 ZSIpM§��MiNcK�¡ °²±³ ­®¯ Ë+*Ë �- °²±³ � ­®¯ À�L�

À

°²±³
tuV"NcZ[V�Z}`LK�a!Q2MiIpb?_LQSPna�m*^h`XTORON �*N?K�_LQSRiMONcILK�]
IpR6QS`LZ[V�_L`Xbc��Q2IL]x�AE­®¯ Ë+*

Ë �- ° ±³ �
��� F À 
 ZSILM§¡
À 
 F MiNcK�¡
MON?K�� 
 ZSIpM§� MiNcK�éB� 
 ¡�ê � �� �

� ��� À�L�À � ��
s6V"NcMg]
IpRO^��"b�`ÂZ}`LK�K�I�tµa!Qn��MOQYP´TdIõQB�"`L^qN?K�Q�TdV�QnQY�!QSZ~T�IpK�TOV�QnTOQSK�MiNcIpK
N?KàTOV�Q´RiQ}`LZ~TdNcILK�MÙ]
ILRÙ_X`LR�mAN?K�o _X`Lb?��QSMÙIL]*TOV�Q�tvQSN?opV&T�IL]�TOV�Q�P"IAIpRÙ`LK"P
_X`LRiNcIp�"Mf`LK"opbcQYMfIL]gIpzlQSK"NcK�oq�AE � Ip^qQ\MOIpb?�"TdN?IpK ]
ILR��L� � F�ÀpÀLb?a=��� �
D � F�À � F�D � ¤LÀ � ¤pD � £pÀ � £&D � wpÀ Þ `LROQX�´ µ Þ ¶b·�Þ ¶ µ Þ ¸¬·�Þ ¸ µ Þ ¹¬·�Þ ¹ µ Þ º¨·�Þ» * ¼ ¸¬·¨½�¾À¿ ¼ ½>¸>¸ ¸ ¼ ¹>¸¨Á º ¼ ÁÂºÃ¶ Ä ¼ Á>Á¬Ä ¶ µ ¼ Ä�º�½ ¹¬· ¼ ¶ÆÅ>¸ Á¬¸ ¼ Á�·¨¸» � Ç º�½ ¼ ½>Ä>¸È¾É¿ Ç º�½ ¼ Ä>¹¨Á Ç º�½ ¼ ¹¨Á¬Å Ç º�Ä ¼ ¸¨ÁÂº Ç º µ ¼ ½¬·�Á Ç º¨· ¼ Ä�º�½ Ç ¸>Ä ¼ Ä>Ä ¶>¶ ¼ ·>·¬ºÊ µ · ¼ ·�¶Æ½�¾À¿ µ · ¼ ¶ËÁ:¶ µ · ¼ Å¨Á>Á µ ¶ ¼ ½�º�¸ µ º ¼ Ä¬·�¶ Å
¶ ¼ ¸>¹¨Á Á>Á ¼ ¸ µ ¶ ¶Æ¹>¸ ¼ Å>½>¹Ì¨ÍÃÎ�Ï¨ÐÒÑ�Ï�Ó8Ô.Õ¨Ö$×.Ø�ÐÀÙ2Ô|Ú>Ñ�Ï>Û&Õ>Ó§Ü�Ú ¾ ÍÃÛÆÙbÝ�×.ØÃÛ&Ô.Õ>ÞßÛ©Ö+ÍÃÙ.× ¿ ÛàÔ|Ú¬×hÛÆÎ4×hÕ/ØÃÚ>ÑÃÎ ¾ Û&Ú¬× ¾ ÛÆÚ>Ùh×¶Æ¹>¹ ¾É¿ Ù ¼ Ú>Ñ�Î<×.Ø�Û�ØÃÐÀÑÃÏ>Û_Ú¬× ¾ ÛÆÚ>Ùh× Á µ ¾À¿ Ù ¼

£&×p¤



µ ¼ ¸>¹Ká ×hÔ|ÍÃÙ.Ù�Ù.×hÔ²ÍÃâã×.Í�Ô.Û4ÐÀÙ�ÍÃÙhÛÆÎ�×hÕNØ�Õ ¾ Î%ÞßÕËäxÛbÔ ¾ ÐÀÑÃÛÆÙ�Ú>Ù+Ð ¾À¾ ÍÃÙh×hÔ|Ú¬×hÛÆÎ ¼Èå Ú ¾ âbÍ ¾ Ú¬×hÛ�×.Ø�ÛÔ.ÛÆÚ>âã×.ÐÉÕ¨Ñ Ó8Õ>Ô²âãÛÆÙnÚ¬×g×.Ø�Û ¿ Ú>ÙhÛæÕ>Ó�×.Ø�Û�×hÕÂä�ÛbÔ ¼nç Õ>×hÛ~×.Ø�Ú¬×nÐÉÓ�×.Ø�Û�Ú¬ÞÃÞ ¾ ÐÉÛÆÎèÓ¢Õ>Ô|âãÛÆÙgÔ.ÛÆÙ.Í ¾ ×ÐÀÑ)Ú Ñ�Ûb×àâãÕ¨ÍÃÑ�×hÛbÔ&â ¾ Õ:â²é�äàÐÒÙhÛ�Ö Õ¨Ö ÛÆÑ�×~×.Ø�Û�×hÕÂä�ÛbÔ&äàÐ ¾À¾ ×.ÐÉÞ ¼

A B

300 N 400 N

10 m

4 m 2 m2 m

�����(������� D�E©¤L£ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë á Ó8Ô.ÛbÛ ¿ Õ:ÎÃì�ÎÃÐÀÚ¬Ï>Ô²Ú>Ö�ÐÀÙ~Ð ¾À¾ ÍÃÙh×hÔ²Ú¬×hÛÆÎ

x

yÜ

4 2
í

2
í

300N
v

400N
�

Ax

ByAy




�������U�|� � D�E©¤L£\ î *+ïñð » *�ï · ò \ î � ïqð » �æólô©� ð Á�·>· ï ·\ õ � ï º ô©� ð,ö Å¨÷ ö º¨·>·�÷ ó ¸ ö ¹¬·>·�÷ ï ·
ò ô&� ï ¶º ö ¶ÆÄ¬·>·�÷ ï º µ · ç» � ïqð ¸ µ · ç�ö ÍÃÞ ÷
£&×L£



µ ¼ ¸�ºøá ×hÔ²Í�Ù.Ù)Ùh×hÔ²ÍÃâã×.ÍÃÔ.Û%ÐÀÙ)ÍÃÙhÛÆÎ�×hÕpØÃÕ ¾ ÎXÞ�ÕÂä�ÛbÔ ¾ ÐÀÑ�ÛÆÙ<Ú>Ù(Ð ¾Ò¾ ÍÃÙh×hÔ²Ú¬×hÛÆÎ ¼�ù Ñ ¾ ÐÉé>Û	×.Ø�ÛÞÃÔ.ÛbÜ
ÐÉÕ¨ÍÃÙlÞÃÔ.Õ ¿�¾ ÛÆÖ ×.Ø�ÛKÞßÕËäxÛbÔ ¾ ÐÀÑ�ÛÆÙ#ÞÃÔ.ÕÂÜ:ÐÀÎÃÛ£Ó¢Õ>Ô²âãÛÆÙ,Ùhé>ÛbäxÛÆÎ�×hÕú×.ØÃÛK×hÕËäxÛbÔ ¼å Ú ¾ âbÍ ¾ Ú¬×hÛ�×.ØÃÛ�Ô.ÛÆÚ>âã×.ÐÉÕ¨Ñ(Ó8Õ>Ô²âãÛÆÙ&Ú¬×~×.Ø�Û ¿ Ú>ÙhÛ�Õ>Ó1×.ØÃÛ�×hÕËäxÛbÔ ¼
4 m 2 m

ο 
30

A B

2 m

300 N
25 

400 N

10 m

ο 

�����(������� D�E©¤Xw

ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë á Ó8Ô.ÛbÛ ¿ Õ:ÎÃì�ÎÃÐÀÚ¬Ï>Ô²Ú>Ö�ÐÀÙ~Ð ¾À¾ ÍÃÙh×hÔ²Ú¬×hÛÆÎ<ÐÀÑ<×.Ø�Û_û�Ï¨Í�Ô.Ûö ¶Ë÷~ü î *�ï · ì
ÐÉÛ ¾ ÎÃÙ ð » *_ð ¹¬·>· Ù.ÐÒÑ ¹¬· Þ ó º¨·>· Ù.ÐÒÑ ¸ µ Þ ï · Ýö ¸¨÷ ü î � ï · ì:ÐÀÛ ¾ ÎÃÙ ð » �æólô©� ð ¹¬·>· âãÕ¨Ù ¹¬· Þ ð º¨·>· âãÕ¨Ù ¸ µ Þ ï · Ýö ¹¨÷�ü õ � ï · ì:ÐÉÛ ¾ ÎÃÙ º ô �ßýþ ó ö Å ý ÿ ó ¶b·���÷�� ö º¨·>· Ù.ÐÀÑ ¸ µ ý ÿ ð º¨·>· âãÕ¨Ù ¸ µ ý��÷ óö0ð ¸ ý ÿ ó ¶b· ý�¬÷�� ö0ð ¹¬·>· Ù.ÐÀÑ ¹¬· ý ÿ ð ¹¬·>· âãÕ¨Ù ¹¬· ý�¬÷ ï º ô©� ð�ö ¶b·�÷ ö º¨·>·�÷ ö Ù.ÐÀÑ ¸ µ Þ ÷ ðö Å¨÷ ö º¨·>·�÷ ö âãÕ¨Ù ¸ µ ÷ ó ö ¸¨÷ ö ¹¬·>·������Â¹¬· Þ ÷ ó ö ¶b·�÷ ö ¹¬·>· Ù.ÐÒÑ ¹¬·�÷ ¼	 Ø�Í�ÙæÓ¢Ô.Õ¨Ö ö ¶Ë÷ » *+ï º¨·>· Ù.ÐÀÑ ¸ µ Þ ð ¹¬·>· Ù²ÐÀÑ ¹¬·�Þ ï ¶Æ½ ç ¼
�Ô.Õ¨Ö ö ¹¨÷ ô&� ï º�Å>¸ ç ¼
�Ô.Õ¨Ö ö ¸¨÷ » � ï ô©� ð ¹¬·>· âãÕ¨Ù ¹¬·�Þ ð º¨·>· âãÕ¨Ù ¸ µ Þ ïqð ¶ÆÅ
¶ ç ö âãÕ¨Ñ�×.ÐÀÑ:Í�ÛÆÎ ÷
£&×Xw
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y�
4 22

10

300N 400N

Ax
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25o30o

�������U�|� � D�E©¤Xw
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µ ¼ ¸ µ á ¾ ÐÉÏ¨Ø�×àÞßÕ ¾ Û�Û�

×hÛÆÑÃÎÃÙ&Õ¨Í�×©Õ>Óg×.Ø�Û�Ï>Ô.Õ¨Í�ÑÃÎkÓ8Õ>Ô²Ö�ÐÒÑ�Ï�Ú û�
:ÛÆÎ	Ù.Í�ÞÃÞßÕ>Ô.×~Ú¬×�ÐÉ×.Ù ¿ Ú>ÙhÛ ¼�QÏ¨Ñ�Õ>Ô²Û ×.Ø�Û�äxÛÆÐÉÏ¨Ø�×�Õ>Ó�×.Ø�Û ¾ ÐÉÏ¨Ø�×�Ù.Í�ÞÃÞßÕ>Ô.× ¼ 	 Ø�Û ¾ ÐÉÏ¨Ø�×©û�

×.Í�Ô.Û äxÛÆÐÉÏ¨ØÃÙ µ ·(¾É¿ Ú>ÑÃÎ×.Ø�Û�ÞßÕ ¾ Û�ä�ÛÆÐÀÏ¨ØÃÙ ¸ µ ·�¾É¿ ¼�å Ú ¾ âbÍ ¾ Ú¬×hÛ�×.ØÃÛ�Ô.ÛÆÚ>âã×.ÐÉÕ¨ÑÃÙ&Ú¬× » ¼
4 ft

A

30 ft

�����(������� D�E©¤pD

ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë á Ó8Ô.ÛbÛ ¿ Õ
Î�ì�ÎÃÐÀÚ¬Ï>Ô|Ú>ÖwÐÀÙ^Ð ¾À¾ ÍÃÙ.×hÔ²Ú¬×hÛÆÎ�ÐÀÑ�
[ÐÉÏ¨ÍÃÔ.Û ê�µ ¼ ¶ãº ¼ ê Í�Ö�Ö�ÐÀÑ�ÏæÓ8Õ>Ô²âãÛÆÙÚ>ÑÃÎ)Ö Õ¨Ö ÛÆÑ�×.Ù ö Ú ¿ Õ¨Í�× » ÷ Ú>ÑÃÎ<äàÔ²ÐÉ×.ÐÀÑ�Ï/×.Ø�Û�Û��:ÍÃÐ ¾ Ð ¿ Ô²ÐÀÍ�ÖúÛ��:ÍÃÚ¬×.ÐÉÕ¨Ñ)ì
ÐÉÛ ¾ ÎÃÙ\ î *+ï · ì
ÐÉÛ ¾ ÎÃÙ » *�ï · Õ>Ô » *+ï ·\ î � ï · ì
ÐÉÛ ¾ ÎÃÙ » � ð ¸ µ · ð ¶b·>· ï · Õ>Ô » � ï ¹ µ ·�¾É¿\ õ � ï · ì
ÐÉÛ ¾ ÎÃÙ õ ó ö º�÷ Ó¢× ö µ ·�÷~¾É¿ Ù ð º�� µ · ï ·
ò Õ>Ô õ ï · ¾É¿ Ó¢×Õ>ÔàÚ>âbâãÕ>Ô²ÎÃÐÀÑÃÏ ×hÕ�×.Ø�Û�âãÕ:Õ>Ô²ÎÃÐÀÑ�Ú¬×hÛ�Ùhì:Ù.×hÛÆÖ�� ï · ýþ âãÕ¨ÍÃÑ�×hÛbÔ²â ¾ Õ
â.é:äàÐÀÙ.Û
W=250

xÛ

yÜ

Ax

Ay

M

4

50
�

30
v 50

�
�������U�|� � D�E©¤pD
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µ ¼ ¸>ÅKá Õ¨Ñ�Û Ö Ûb×hÛbÔ ¾ Õ¨ÑÃÏ ¿ Ú¬Ô_Õ>ÓxÖ�Ú>Ù.Ù ¶b· é�Ï(ÐÒÙ&Ø�Û ¾ Î	ÍÃÞ ¿ ìk×.Ø�Ô²ÛbÛ/âbÚ ¿�¾ ÛÆÙ ö î ò Ê � Ú>ÑÃÎÊ � ÷ ¼�� Ûb×hÛbÔ²Ö�ÐÒÑ�Û�×.Ø�Û�Ó8Õ>Ô²âãÛ�ÐÀÑ<×.ØÃÛ�×.Ø�Ô.ÛbÛ�âbÚ ¿�¾ ÛÆÙ~Ó8Õ>Ô�� ï º µ Þ Ú>ÑÃÎ�� ï ¹¬·�Þ ¼

90 
0.7 m

α β
T1

T2

c.g.

F

o

�����(������� D�E©¤LÉê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë 	 Ø�ÛYÓ8Ô.ÛbÛ ¿ Õ:Î�ìñÎÃÐÀÚ¬Ï>Ô|Ú>Ö ÐÀÙLÏ¨ÐÉÜ>ÛÆÑ�Ú>ÑÃÎ Ô.ÛÆÙ.Í ¾ ×.Ù@ÐÀÑñ×.Ø�ÛpÓ¢Õ ¾À¾ ÕËäàÐÀÑÃÏÛ���ÍÃÚ¬×.ÐÀÕ¨ÑÃÙ�Õ>Ó1Û���ÍÃÐ ¾ Ð ¿ Ô²ÐÒÍÃÖ
x

yÜ

0.7
� T2

FT1

45o 30o

mg
O 0.5

�
�������U�|� � D�E©¤LÉü î ï�� ì
ÐÉÛ ¾ ÎÃÙÆë ü î *�ï ó Ê � âãÕ¨Ù ¹¬· ð Ê � âãÕ¨Ù º µ Þ ï · ü î � ï î ó Ê � Ù²ÐÀÑ º µ Þ óÊ � Ù.ÐÀÑ ¹¬· Þ ð! #"/ï · Ý ü � ï$� ì
ÐÉÛ ¾ ÎÃÙ ü � � ï ·%� Á ý ÿ � î ý� ó ¶ ý ÿ � Ê �¨ö âãÕ¨Ù ¹¬· Þ ý ÿ óÙ.ÐÀÑ ¹¬· ý��÷ ó � µ ý ÿ � ö0ð& #" ý�Â÷ Õ>Ô ö � Á î ó Ê � Ù.ÐÀÑ ¹¬· ð � µ  #" ÷ ýþ ï$� 	 ØÃÐÒÙ2ì
ÐÉÛ ¾ ÎÃÙ ¹ Ù.âbÚ ¾ Ú¬ÔÛ���ÍÃÚ¬×.ÐÀÕ¨ÑÃÙ ¼(' Ô²ÐÉ×.ÐÒÑ�Ï ×.Ø�ÛÆÙhÛ�ÐÀÑkÖ�Ú¬×hÔ²Ð)
ÈÓ¢Õ>Ô²Öeì:ÐÉÛ ¾ ÎÃÙ ö* #")ï ½>Ä ç ÷�� ð âãÕ¨Ù º µ Þ ó âãÕ¨Ù ¹¬· Þ ·Ù.ÐÀÑ º µ Þ Ù.ÐÀÑ ¹¬· Þ ¶· Ù.ÐÀÑ ¹¬·�Þ ·%� Á ��

�� Ê �Ê �î �� ï
�� ·½>Äº�½ ��ù Ù.ÐÒÑ�Ï�×.Ø�Û�Ö�Ú¬×hÔ|Ð)
4Ú¬ÞÃÞÃÔ²Õ¨Ú>â²Ø<×hÕ ÙhÕ ¾ Ü>Û_×.Ø�ÛÆÙhÛ_Û��:ÍÃÚ¬×.ÐÉÕ¨ÑÃÙxì
ÐÉÛ ¾ ÎÃÙ�Õ>Ô�×BäxÕ�Ù.ÐÉÏ¨Ñ�Ðdû�âbÚ>Ñ�×û�Ï¨Í�Ô.ÛÆÙbë Ê ��ï µ ¹ ç ò Ê �àï º�¹ ç Ú>ÑÃÎ î ï ¹>½ ç �

£&×p×



µ ¼ ¸¨Á Ú ÷(+ ÛbÞßÛÆÚ¬×�ÞÃÔ.Õ ¿�¾ ÛÆÖ µ ¼ ¸>Å Ó8Õ>Ô2×.Ø�Û&âbÚ>ÙhÛ&×.ØÃÛà×.Ø�ÛàÚ>ÑÃÏ ¾ ÛÆÙ�Ú¬Ô²Û�� ï ¶ µ Þ~Ú>ÑÃÎ,� ï ¶b· Þ ¼¿�÷ å Õ¨Ö�Ö ÛÆÑ�×~Õ¨Ñ)×.ØÃÛ�Û�-�ÛÆâã×&Õ>Ógâ²ØÃÚ>Ñ�Ï¨ÐÒÑ�Ï�×.Ø�Û�Ú>ÑÃÏ ¾ Û�Ó¢Ô²Õ¨Ö�×.Ø�Û�ÞÃÔ²ÛbÜ:ÐÉÕ¨Í�ÙæÞÃÔ.Õ ¿�¾ ÛÆÖÕ¨Ñ�×.Ø�Û4×hÛÆÑÃÙ.ÐÉÕ¨Ñ Ê � Ú>ÑÃÎ Ê ��¼ 
�Ô.Õ¨ÖP×.Ø�ÛÈÞßÕ¨ÐÀÑ�×�Õ>Ó�Ü:ÐÉÛbä�Õ>Ó~Ù.Ö�Ú ¾À¾ ÛbÔ�Ó8Õ>Ô²âãÛÆÙ ¿ ÛÆÐÀÑÃÏ¿ Ûb×h×hÛbÔ ¼ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë+Ú ÷ 	 Ø�Û�ÙhÕ ¾ Í�×.ÐÉÕ¨Ñ�ÐÒÙ�Û�
�Ú>âã× ¾ ì@Ú>ÙèÏ¨ÐÉÜ>ÛÆÑ�ÐÀÑ µ ¼ ¸>Å äàØ�ÛbÔ.Û�×.ØÃÛ4Ú>Ñ�Ï ¾ ÛÆÙèÚ¬Ô.Ûâ²ØÃÚ>Ñ�Ï>ÛÆÎ ¼ 	 Ø�Û�Ü¬Ú ¾ Í�ÛÆÙ~Ú¬Ô²Û Ê �xï ¶ µ ¶ òÊ �àï ¶ãº�Ä ç òî ï ¹>¹ ç �¿�÷ 	 Ø�Ûæ×hÛÆÑÃÙ.ÐÉÕ¨Ñ/ÐÀÑè×.Ø�Û~âbÚ ¿�¾ ÛÆÙ Ê � Ú>ÑÃÎ Ê � ÐÀÙ[Ñ�ÕËäYÖèÍÃâ|Ø ¾ Ú¬Ô.Ï>ÛbÔ ¼ ê ØÃÕ¨Í ¾ Î+Ï¨ÐÉÜ>Û~ÙhÕ¨Ö ÛØÃÐÀÑ�×.Ùæ×hÕ�×.Ø�Û�Ùh×.Í�Î�ÛÆÑ�×.Ù~Õ¨Ñ(Î�ÛÆÙ.ÐÉÏ¨Ñ ¼
µ ¼ ¸>Ä ê Í�ÞÃÞßÕ¨ÙhÛ�×.Ø�Û_âbÚ ¿�¾ Û î ÐÀÑ�Þ�Ô.Õ ¿�¾ ÛÆÖ µ ¼ ¸¨Á ÐÒÙ�Ö ÕÂÜ>ÛÆÎÈ×hÕ ¿ Û&Î�ÐÉÔ.ÛÆâã× ¾ ì ÕÂÜ>ÛbÔ�×.Ø�Û&âãÛÆÑ�×hÛbÔÕ>Ó1Ö�Ú>Ù²Ù~Ú>ÑÃÎ(âãÕ¨Ö Þ�Í�×hÛ�×.Ø�Û�Ö�Ú¬Ï¨Ñ�ÐÉ×.ÍÃÎ�Û�Õ>Ó1×.Ø�Û�Ó8Õ>Ô²âãÛÆÙàÐÒÑ<×.Ø�Û�×.Ø�Ô.ÛbÛ�âbÚ ¿�¾ ÛÆÙ ¼ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë á Ï¨Ú>ÐÀÑ/..ÍÃÙh×©Ô.ÛbÞßÛÆÚ¬×©×.Ø�Û ÙhÕ ¾ Í�×.ÐÉÕ¨ÑNÕ>Ó2Þ�Ô.Õ ¿�¾ ÛÆÖ Ú>ÑÃÎLâ²ØÃÚ>ÑÃÏ>Û ¼ Á ×hÕ ¼ µ ×hÕÏ>Ûb× Ê � ï Ê � ï ·
ò î ï ½>Ä ç �

£&×LÝ



µ ¼ ¸>½Ká ÍÃÑÃÐÉÓ8Õ>Ô²Ö ¿ ÛÆÚ>Ö�ÐÀÙnÞ�ÐÀÑÃÑ�ÛÆÎ�Ú¬×æÕ¨Ñ�Û&ÛÆÑÃÎÈÚ>ÑÃÎ4Ù²Í�ÞÃÞßÕ>Ô.×hÛÆÎ ¿ ì�ÚèâbÚ ¿�¾ Û&Ú¬×æ×.Ø�Û&Õ>×.Ø�ÛbÔÛÆÑÃÎ ¼ 	 Ø�Û ¿ ÛÆÚ>Ö$ä�ÛÆÐÉÏ¨Ø�Ù º¨·è¾É¿ Ú>ÑÃÎ4ÐÀÙ ¶b· Ó¢× ¾ Õ¨Ñ�Ï ¼2å Õ¨Ö Þ�ÍÃ×hÛ~×.Ø�ÛàÔ²ÛÆÚ>âã×.ÐÉÕ¨ÑÃÙxÚ¬×2×.Ø�Ûû�
:ÛÆÎ<ÛÆÑ�Î(Ú>ÑÃÎ)×.Ø�Û�×hÛÆÑ�Ù.ÐÉÕ¨Ñ(ÐÀÑ<×.ØÃÛ�âbÚ ¿�¾ Û�Ó8Õ>Ô~×.Ø�Û�âbÚ>Ù.Û ´ ï ¹¬· Þ ¼
c.g.

5 ft

10 ft

y

x
θ  ο

�����(������� D�E©¤Lå

ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë á Ó¢Ô.ÛbÛ ¿ Õ
Î�ì)ÎÃÐÀÚ¬Ï>Ô²Ú>Ö6ÐÀÙ©Î�Ô²ÚËäàÑNÙ²Ø�ÕËäàÐÒÑ�Ï4×.ØÃÛèâãÛÆÑ�×hÛbÔ�Õ>Ó2Ö�Ú>Ù.Ù_Ú¬×_×.Ø�ÛÖ�ÐÀÎÃÎ ¾ Û ¼ 	 ØÃÛ�Û���ÍÃÚ¬×.ÐÀÕ¨ÑÃÙ�Õ>Ó1Û���ÍÃÐ ¾ Ð ¿ Ô²ÐÒÍÃÖú×.Ø�ÛÆÑ ¿ ÛÆâãÕ¨Ö�Û\ î *+ï î * ó Ê âãÕ¨Ù ¹¬· Þ ï ·\ î � ï Ê Ù²ÐÀÑ ¹¬· Þxð0 #" ó î � ï ·\ õ � ïqð µ ö* #" ÷ ó ¶b· Ê Ù.ÐÀÑ ¹¬· Þ ï ·
F 0

1
5
2

5
2

F

x3
y4 40

T cos θ

T
5

 sin θ

θ
6

�������U�|� � D�E©¤Låê Õ ¾ Ü
ÐÀÑ�Ï_Ù.ÐÀÖèÍ ¾ ×.Ú>Ñ�ÛbÕ¨ÍÃÙ ¾ ì�âbÚ>Ñ ¿ Û�Î�Õ¨Ñ�Û ¿ ì+ØÃÚ>ÑÃÎ/Õ>Ô ¿ ì/Ö�Ú¬×hÔ²Ð)
/ÐÀÑ�Ü>ÛbÔ|Ù.ÐÉÕ¨Ñ ¼7' Ô²ÐÉ×.ÐÀÑ�Ï×.Ø�ÛÆÙhÛ�Ú>ÙàÚ�Ö�Ú¬×hÔ²Ð)
<Û���Í�Ú¬×.ÐÉÕ¨Ñ)ì
ÐÉÛ ¾ ÎÃÙ�� ¶ · âãÕ¨Ù ¹¬·�Þ· ¶ Ù.ÐÀÑ ¹¬· Þ· · ¶b· Ù.ÐÒÑ ¹¬·�Þ ��
�� î *î �Ê �� ï

�� ·º¨·¸¬·>· ��äàØÃÐÀâ|Ø)Í�ÞßÕ¨Ñ)Ö+Í ¾ ×.ÐÉÞ ¾ ì
ÐÀÑ�Ï ¿ ì<×.Ø�Û�ÐÀÑ�Ü>ÛbÔ²ÙhÛ�Õ>Ó1×.Ø�Û�Ö�Ú¬×hÔ²Ð)
4ì
ÐÉÛ ¾ Î�Ùî *�ïqð ¹�º���Å�¾É¿ ò î � ï ¸¬·�¾À¿ ò Ê ï º¨·�¾À¿98 Ó¢×
£&×Lå



DAE¯£pÀ´HJILK�MON?P�QSR�TdV�QqMim�MiTOQS^ IL]J¸�op��ROQ � DAE©¤Xå"E D QYT(TdV�Qh`LK�opb?Qk��Td`LWLQqIpKõMiQY_pQYRd`Lb
_X`Lb?��QSMyalQYTktvQSQSKÂF�ÀLÞr`LK�P�åLÀpÞS�"MO`}mhN?KhNcK"ZSROQY^qQYK&TdMJIX]0F�ÀpÞS�A`LK�P*ZYIp^,z��"TdQ|TdV�Q
RiQ}`LZ~TdN?IpK*]
IpROZYQSM|`LK�P�TOQSK�MiNcIpK=EvHJIp^,^,QSK&T6IpK�tuV{`XT|V{`Xz�z!QYK�M|`XT�� � À Þ `LK"P� � åpÀ Þ E
� Ipbc�"TONcIpK8�8s6V�Q0]
ROQYQyalI�P"m2P�Nc`LopRd`X^ `LK"P�QYä���`XTdN?IpK�M¨`LROQ²oLN?_pQYK�N?K2TdV�Q0MOILbc�"TONcIpK
IX]=TdV�QUz�ROQ~_AN?Ip��Mrz"ROIpa�b?QS^�E�s6V�QUMOIpb?�"TdN?IpK�My��MON?K�o�MOIX]xTktr`LRiQ�z�RiQSMOQYK&TdQSP�NcK,TdV�Q
]
ILbcbcI�tuN?K�o�T[`Xa�bcQ´ ö Þã÷ ¶b· ¸¬· ¹¬· º¨· µ · Å¬· Á�· Ä¬· ½¬·î * ö ¾À¿�÷ ¶>¶Æ¹ ¼ º µ>µ ¼ · ¹�º ¼ Å ¸>¹ ¼ Ä ¶ÆÅ ¼ Ä ¶>¶ ¼ µ Á ¼ ¹ ¹ ¼ µ Á ·î � ö ¾É¿ Ù ÷ ¸¬· ¸¬· ¸¬· ¸¬· ¸¬· ¸¬· ¸¬· ¸¬· ¸¬·Ê ¾É¿ Ç Ó8× ¶>¶ µ ¼ ¸ µ Ä ¼ µ º¨· ¹
¶ ¼ ¶ ¸>Å ¼ ¶ ¸>¹ ¼ ¶ ¸
¶ ¼ ¹ ¸¬· ¼ ¹ ¸¬·
	 Ø�ÛÆÙhÛ�Û��:ÍÃÚ¬×.ÐÉÕ¨ÑÃÙàÚ¬Ô.Û�Ú ¾ ÙhÕ�Ù²ÐÀÖ Þ ¾ Û©ÛÆÑ�Õ¨Í�Ï¨Ø(×hÕ ¿ Û�ÙhÕ ¾ Ü>ÛÆÎ(Ó8Õ>ÔàÚ>ÑÃÚ ¾ ì�×.ÐÀâbÚ ¾Ò¾ ì ¼	 Ø�Û�ÙhÕ ¾ ÍÃ×.ÐÉÕ¨Ñ<ÐÀÙ î *+ï ¸¬· âãÕ>× ´î � ï ¸¬·Ê ï ¸¬·;: Ù.ÐÒÑ ´á × ´ ï · ÞÂÝ�×.Ø�ÛèÖ�Ú¬×hÔ²Ð)
<Û��:ÍÃÚ¬×.ÐÉÕ¨ÑkÐÒÙàÙ.ÐÀÑÃÏ¨Í ¾ Ú¬ÔÆÝ�ÐÀÑÃÎ�ÐÀâbÚ¬×.ÐÀÑ�Ï�Ö Õ>Ô²Û�ÍÃÑ�é
Ñ�ÕËä&ÑÃÙ�×.ØÃÚ>ÑÛ���ÍÃÚ¬×.ÐÀÕ¨ÑÃÙ Ú>ÑÃÎ Ê âbÚ>Ñ�Ñ�Õ>× ¿ Û(Î�Ûb×hÛbÔ²Ö�ÐÀÑÃÛÆÎ ¼ á × ´ ï ½¬·�Þ Ýx×.Ø�Û)Û��:ÍÃÚ¬×.ÐÉÕ¨Ñ}Ó8Õ>Ô îì:ÐÉÛ ¾ ÎÃÙ î ï · Ý ¿ ÛÆâbÚ>ÍÃÙ.Û&×.Ø�ÛbÔ²Û©ÐÀÙ�Ñ�Õ/âãÕ¨Ö ÞßÕ¨Ñ�ÛÆÑ�×xÕ>Ó Ê ÐÀÑ�×.Ø�Û=<(Î�ÐÉÔ.ÛÆâã×.ÐÉÕ¨Ñ�Ý ¾ ÛÆÚÆÜ
ÐÀÑ�Ïî ×hÕ ¿ Û�×.Ø�Û�Õ¨Ñ ¾ ìÈÓ8Õ>Ô²âãÛ�ÐÀÑ<×.Ø�Û><NÎÃÐÉÔ²ÛÆâã×.ÐÉÕ¨Ñ ¼

£pÝpÀ



µ ¼ ¹
¶pá ÑlÕÂÜ>ÛbÔ4ØÃÚ>Ñ�Ï¨ÐÒÑ�ÏLÔ.Õ�Õ>Ó&Ó¢Õ>Ô�Ú>ÑYÕ¨Í�×.Î�Õ:Õ>Ô�âbÚ¬Ó¢ÛkÐÒÙ âãÕ¨ÑÃÙ.ÐÀÙh×.Ù/Õ>Ó_Ú ¿ ÛÆÚ>Ö µ Ç Ö ¾ Õ¨Ñ�Ï¿ ÛÆÚ>Ö�Õ>ÓnÖ�Ú>Ù.Ù ¶b·>· é:Ï ¼©å Õ¨Ñ�Ù.ÐÀÎ�ÛbÔàÎÃÛÆÙ.ÐÉÏ¨ÑÃÐÀÑÃÏ ×.Ø�Û+Ù.ÍÃÞÃÞßÕ>Ô.×~Ùhì
Ùh×hÛÆÖ ¼�� ÛÆÙ.ÐÉÏ¨Ñ	Ø�ÛbÔ.ÛÔ.ÛbÓ¢ÛbÔ|Ùà×hÕ)â²ØÃÕ�Õ¨Ù.ÐÒÑ�Ï4ä&Ø�ÛbÔ.Ûè×hÕ<Ú¬×h×.Ú>â|Ø%×.Ø�Û/âbÚ ¿�¾ Û ö Þ�ÐÀâ²é@? ÷ ÙhÕÈ×.ØÃÚ¬×_×.Ø�Ûè×hÛÆÑÃÙ.ÐÉÕ¨ÑLÐÀÑ×.Ø�Û(âbÚ ¿�¾ ÛkÚ>Ñ�Î}×.Ø�Û)Ô.ÛÆÚ>âã×.ÐÉÕ¨ÑpÓ¢Õ>Ô|âãÛkÚ¬×�×.Ø�Û(Þ�ÐÀÑ}Ú¬Ô.Û)×.Ø�ÛkÙ²Ö�Ú ¾À¾ ÛÆÙh× ¼ ê Þ�ÛÆâbÐÉû�âbÚ ¾À¾ ìâãÕ¨Ö Þ�Í�×hÛ�Ü¬Ú ¾ Í�ÛÆÙ�Õ>Ó[×.Ø�Û�Ô²ÛÆÚ>âã×.ÐÉÕ¨Ñ(Ó8Õ>Ô²âãÛÆÙ~Ó8Õ>ÔA? ï � µ ò�¶¬òÆ¶B� µ �C�C� µ ¼

5 m

T
θ

1 m

�����(������� D�E¥£"F

ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë

mg




R 





1




2.5




F
A
D
�������U�|� � D�E¥£"F


�Ô.Õ¨Öe×.ØÃÛ�Ó¢Ô.ÛbÛ Ç ¿ Õ
Î�ì4Î�ÐÀÚ¬Ï>Ô²Ú>Ö)Ý�×.Ø�Û�Û���ÍÃÐ ¾ Ð ¿ Ô²ÐÒÍÃÖúÛ��:ÍÃÚ¬×.ÐÉÕ¨ÑÃÙàÚ¬Ô.Ûö Ö Ï ï ö ¶b·>·�÷ ö ½E��Ä
¶Ë÷ ï ½>Ä
¶ ç ÷\ î *�ï · ë î ð Ê âãÕ¨Ù ´ ï ·\ î � ï · ëGF ð0 #" ó Ê Ù.ÐÀÑ ´ ï ·\ õ � ï · ë ö0ð ¸E� µ ÷ ö ½>Ä
¶Ë÷ ó ? Ê Ù.ÐÀÑ ´ ï ·ç ÕÂä�?�Ú>ÑÃÎ ´ Ú¬Ô.Û�Ô²Û ¾ Ú¬×hÛÆÎ ¿ ì ×.Ú>Ñ ´ ï ¶? ö âãÕ¨Ñ�×.ÐÀÑ:Í�ÛÆÎ ÷
£pÝ"F



Õ>Ô ´ ï ×.Ú>Ñ � � ö ¶? ÷H�' Ô²ÐÉ×.ÐÀÑ�Ïè×.Ø�Û�Û��:ÍÃÚ¬×.ÐÉÕ¨ÑÃÙxÕ>Ó1Û���Í�Ð ¾ Ð ¿ Ô|ÐÀÍÃÖ ÐÀÑ<Ö�Ú¬×hÔ²ÐC
4Ó8Õ>Ô²Öoì:ÐÀÛ ¾ ÎÃÙ ö Ú>Ù~ÚèÓ8ÍÃÑ�âã×.ÐÉÕ¨ÑÈÕ>Ó? ÷ ¼ �� Ê ö ? ÷F ö ? ÷î ö ? ÷ �� ï
�� ?�Ù.ÐÀÑ ´ ö ? ÷ · ·ð âãÕ¨Ù ´ ö ? ÷]· ¶Ù²ÐÀÑ ´ ö ? ÷ ¶ · �� �

� �� ö ¸E� µ ÷ ö ½>Ä
¶Ë÷·½>Ä
¶ ��äàØÃÐÀâ|Ø)ØÃÚ>Ù~ÙhÕ ¾ ÍÃ×.ÐÉÕ¨ÑÊ öJI ÷ ï ¸�º µ ¹I Ù.ÐÀÑ ´ öJI ÷ ò F öJI ÷ ï ½>Ä
¶ I�ð ¸�º µ ¹Iî öJI ÷ ï ¸�º µ ¹ âãÕ¨Ù ´ öJI ÷I Ù²ÐÀÑ ´ öJI ÷K�Ûb×�F�L ïNM î � ö ? ÷ ó F � ö ? ÷O + Û ö O ÷ 	 ö O ÷· ¼ µ ½>¹>¸ ç µ>µ ç¶ ¼ · ½ µ Á ç ¹ µ ç¶ ¼ µ ½>Å µ ç ¸>½ ç¸ ¼ · ½>Å>½ ç ¸¨Á ç¸ ¼ µ ½>Å>½ ç ¸>Å ç¹ ¼ · ½¨Á¬¸ ç ¸>Å ç¹ ¼ µ ½¨ÁÂº ç ¸ µ çº ¼ · ½¨Á µ ç ¸ µ çº ¼ µ ½¨Á¬Å ç ¸ µ çµ ¼ · ½¨Á¬Å ç ¸ µ ç	 Ø�Û�Ù.Ö�Ú ¾Ò¾ ÛÆÙh×æ×hÛÆÑÃÙ.ÐÉÕ¨ÑkÐÀÙ�Ú¬×�O ï µ Ö)ÝÃ×.Ø�Û+Ù.Ö�Ú ¾À¾ ÛÆÙ.×xÔ²ÛÆÚ>âã×.ÐÉÕ¨ÑkÐÀÙ�Ú¬×=O ï ·%� µ Ö ¼

£pÝ&¤



µ ¼ ¹>¸Ká Ù.Í�Þ�Þ�Õ>Ô²×&ÐÀÙ©Ø�Û ¾ ÎLÐÀÑNÞ ¾ Ú>âãÛ ¿ ìNÚ<âãÕ ¾À¾ Õ>Ô_Õ¨Ñ%ÚÈÓ¢Ô|ÐÀâã×.ÐÉÕ¨Ñ ¾ ÛÆÙ²ÙàÔ.Õ
ÎLÚ>ÑÃÎLÚÈÞ�ÐÀÑ ¼ 	 Ø�ÛâãÛÆÑ�×hÛbÔ1Õ>ÓÃÖ�Ú>Ù.Ù§Õ>Ó�×.Ø�Û ¶b·>·>· Ç é:Ï�Ù.Í�ÞÃÞßÕ>Ô.×�ÐÀÙ^Ú¬×^ÐÉ×.Ù§Ï>ÛbÕ¨Ö Ûb×hÔ²ÐÀâ�âãÛÆÑ�×hÛbÔ ¼ Ú ÷ � Ûb×hÛbÔ²Ö�ÐÀÑ�Û×.Ø�Û~Ô.ÛÆÚ>âã×.ÐÉÕ¨Ñ�Ù2Ú¬× » Ú>ÑÃÎ ô ÐÉÓßÚ º¨·>·>· é�Ï+Ö�Ú>Ù.ÙnÐÀÙ2Ù.ÍÃÙhÞßÛÆÑÃÎ�ÛÆÎ/Ó8Ô.Õ¨Ö ×.ØÃÛàÙ.Í�ÞÃÞßÕ>Ô.×gÚ¬×P ¼ ¿�÷RQ Õ¨ÐÀÑ�× P ÐÀÙgÚ¬×h×.Ú>â²Ø�ÛÆÎ4×hÕ�Ú�Ö ÕÂÜ:ÐÒÑ�Ï�×hÔ²Ú>â.é/×.ØÃÚ¬×gÔ|ÍÃÑÃÙ ¿ Ûb×BäxÛbÛÆÑ ÞßÕ¨ÐÀÑ�×.Ù(SwÚ>ÑÃÎî ¼gå Õ¨Ö Þ�Í�×hÛæ×.Ø�Û�Ô.ÛÆÚ>âã×.ÐÀÕ¨ÑÃÙnÚ¬× » Ú>Ñ�Î ô Ó8Õ>ÔgÛÆÚ>â²Ø ÞßÕ¨Ù.ÐÀ×.ÐÉÕ¨ÑèÕ>Ó�×.Ø�Û~ØÃÚ>ÑÃÏ¨ÐÀÑ�Ï_Ö�Ú>Ù.ÙbÝÙh×.Ú¬Ô.×.ÐÀÑ�Ï�Ú¬× î Ý�Ú>ÑÃÎ<Þ ¾ Ú>âbÐÀÑ�Ï ÐÉ×~Ú¬× · ¼ µ ÖeÐÀÑÃâãÔ.ÛÆÖ�ÛÆÑ�×.Ù~Í�Ñ�×.Ð ¾ ÞßÕ¨ÐÀÑ�×&S�ÐÒÙæÔ.ÛÆÚ>â²Ø�ÛÆÎ ¼

A

B

C D

E

F

1 m

1 m

1 m

1 m

2 m

�����(������� D�E¥£&¤

ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë&Ú ÷ 	 ØÃÛèÏ>ÛbÕ¨Ö�Ûb×hÔ.ìLì:ÐÉÛ ¾ ÎÃÙ_Ù.ÐÀÑ ´ ï�ö ¸T:Âº�÷ Õ>Ô ´ ï ¹¬· Þ ¼ 	 Ø�Û/Ó¢Ô.ÛbÛ ¿ Õ
Î�ìÎÃÐÀÚ¬Ï>Ô²Ú>Ö�ÐÀÙ~Ï¨ÐÉÜ>ÛÆÑ(Ú>ÑÃÎ)ì
ÐÉÛ ¾ Î�Ù ¹ Û���ÍÃÚ¬×.ÐÀÕ¨ÑÃÙ�Õ>Ó[Û���Í�Ð ¾ Ð ¿ Ô|ÐÀÍÃÖ\ î *+ï · ë » ð ô *�ï ·\ î � ï · ë ô©� ð º�½¬· µ · ç£ï ·\ õ � ïñð+ö ¹>½>¸�º¨·�÷ ö âãÕ¨Ù ¹¬· Þ ÷ ð,ö ½>Ä
¶b·�÷ ö ¸¨÷ âãÕ¨Ù ¹¬· Þ ó ¸ ô * ó º âãÕ¨Ù ¹¬· ô � ï ·äàØÃÐÀâ|Ø)ØÃÚ>Ù~ÙhÕ ¾ ÍÃ×.ÐÉÕ¨Ñ » ï ô *�ïñð µ>µ ò²¸>¸¬· çô©� ï º�½¬· µ · ç
£pÝp£



¿�÷ ç Õ>×hÛ+Ó8Ô.Õ¨Ö�Ú ÷ ×.ØÃÚ¬× ô � ÐÀÙ~ÍÃÑ�ÚU-�ÛÆâã×hÛÆÎ ¿ ì<×.Ø�Û+ÞßÕ¨Ù.ÐÉ×.ÐÉÕ¨Ñ)Õ>Ó[×.Ø�ÛèØÃÚ>Ñ�Ï¨ÐÀÑÃÏ�Ö�Ú>Ù.ÙbÝÐ ¼ Û ¼ Ý ô©� ï º�½¬· µ · ¼ ê Õ ¾ Ü:ÐÀÑÃÏ}×.Ø�Û#Ö�Õ¨Ö ÛÆÑ�×	Û��:ÍÃÐ ¾ Ð ¿ Ô²ÐÀÍÃÖ Û���Í�Ú¬×.ÐÉÕ¨ÑøÚ>Ñ�Ú ¾ ì�×.ÐÒâbÚ ¾À¾ ìì:ÐÉÛ ¾ ÎÃÙ ô *�ï » ï öJI ÷ ö ¹>½>¸�º¨·�÷ ó ö ¸¨÷ ö ½>Ä
¶b·�÷ ð,ö º�÷ ö º�½¬· µ ·�÷ âãÕ¨Ù ¹¬· Þ¸K · ¼ µ ¶ ¶ ¼ µ ¸ ¸ ¼ µ ¹ ¹ ¼ µ º» öJI ÷ Ç Å¨Á¬½¨Á�· Ç µ ½�º�Á�· Ç µ ·¨½¨Á�· Ç º�¸�º�Ä¬· Ç ¹>¹>½>Ä¬· Ç ¸ µ º�½¬· Ç ¶ÆÅ>½>½¬· Ç Ä>½>½>Å

9810N

1




21




2
í By





Bx

39240N

A
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µ ¼ ¹>¹ 	 Ø�Û ¾ ÐÉÓ8× ¿ Ú¬Ô ö » P ÷ Õ>ÓxÚ<×hÕÂäú×hÔ²ÍÃâ²é	ÐÀÙ�Ö�Õ:Î�Û ¾ ÛÆÎ	Ú>Ù�Ú<Þ�ÐÀÑÃÑ�ÛÆÎ ¿ ÛÆÚ>Ö ¼ 	 Ø�Û Ø�Õ¨ÐÀÙh×âbÚ ¿�¾ Û ö PWV ÷ ÐÀÙ[Ú>Ù.Ù.ÍÃÖ�ÛÆÎ/×hÕ�Û�
:ÞßÛbÔ²ÐÉÛÆÑ�âãÛæÑÃÕ©Ó8Ô²ÐÀâã×.ÐÀÕ¨ÑèÚ>Ù2ÐÉ×[Ï>Õ�ÛÆÙgÕÂÜ>ÛbÔ2×.Ø�Û�×hÕ>Þ�Õ>Ó�×.Ø�Û¾ ÐÉÓ8× ¿ Ú¬Ô ¼2å Ú ¾ âbÍ ¾ Ú¬×hÛà×.Ø�Û~Ó8Õ>Ô²âãÛÆÙ2ÐÀÑ�×.Ø�ÛàÙ.Í�Þ�Þ�Õ>Ô²×.ÐÀÑ�Ï_âbÚ ¿�¾ Û ö Ú¬× ô ÷ Ú>ÑÃÎ�Ú¬×n×.ØÃÛ&ØÃÐÀÑÃÏ>ÛÕ>Óg×.Ø�Û ¾ ÐÉÓ¢× ¿ Ú¬Ô ö ÞßÕ¨ÐÀÑ�× » ÷ ¼ á Ù.Ù.ÍÃÖ�Û�×.Ø�Û ¾ ÐÉÓ8× ¿ Ú¬Ô©×hÕ ¿ Û Ä Ó8×©ÐÒÑ ¾ ÛÆÑ�Ï>×.Ø�Ý�ÐÉÏ¨Ñ�Õ>Ô²Û+ÐÉ×.ÙÖ�Ú>Ù.Ù_Ú>ÑÃÎ%Ú>Ù.Ù.Í�Ö Û+×.Ø�Ú¬×�×.Ø�Û Ù.Í�ÞÃÞßÕ>Ô.×©âbÚ ¿�¾ Û ÐÀÙ_Ú¬×h×.Ú>â²Ø�ÛÆÎ@×BäxÕ(×.ØÃÐÉÔ²Î�ÙàÕ>Ó�×.Ø�Û/äxÚËìÍ�Þ)×.Ø�Û ¿ Ú¬Ô ¼
A

B

C
θ = 20 

20 
60 1500 lb

θ D

ο

ο

ο

�����(������� D�E¥£p£ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë å Õ¨Ñ�Ùh×hÔ²ÍÃâã×æÚèÓ¢Ô.ÛbÛ ¿ Õ
Î�ì�ÎÃÐÀÚ¬Ï>Ô²Ú>Ö�Õ>Ó^×.Ø�Û ¿ Ú¬ÔæäàÐÉ×.Ø4×.Ø�ÛX< Ç ÚU
�ÐÀÙ�Ú ¾À¾ ÐÉÏ¨ÑÃÛÆÎÚ ¾ Õ¨Ñ�Ï ×.Ø�Û ¾ Õ¨Ñ�Ï�ÚU

ÐÒÙæÕ>Ó1×.ØÃÛ ¿ Ú¬Ô~Ú>ÙàÐ ¾À¾ ÍÃÙh×hÔ|Ú¬×hÛÆÎ
x

y�
8

Ax

T

A
�

y

20o

30o

1500

1500

2.8 = 16

  3       3

�������U�|� � D�E¥£p£	 Ø�Û�Û��:ÍÃÐ ¾ Ð ¿ Ô²ÐÀÍÃÖ Û��:ÍÃÚ¬×.ÐÉÕ¨Ñ�Ù~Ú¬Ô.Û\ î * ï · ë ¶ µ ·>· âãÕ¨Ù ´ ó ¶ µ ·>· âãÕ¨Ù ¹¬· Þ ó Ê âãÕ¨Ù ¸¬· Þ ð » * ï · ö ¶Ë÷\ î � ï · ë ¶ µ ·>· Ù.ÐÀÑ ´ ð ¶ µ ·>· Ù.ÐÀÑ ¹¬· Þ ó Ê Ù.ÐÀÑ ¸¬· Þ ó » � ï · ö ¸¨÷\ õ � ï · ë ö Ä¨÷ ö ¶ µ ·>·�÷ Ù.ÐÒÑ ´ ðXö Ä¨÷ ö ¶ µ ·>·�÷ Ù.ÐÀÑ ¹¬· Þ ð ¶ÆÅ¹ Ê Ù.ÐÒÑ ¸¬· Þ ï · ö ¹¨÷
�Õ>Ô ´ ï ¸¬· ÞX×.ØÃÛ�Ù.Õ ¾ Í�×.ÐÉÕ¨ÑoÐÀÙ Ê ï ¶b·¨¹>½�¾É¿ » � ïqð ¶>¶ÆÄE� µ ¾É¿ ö Î�ÕËä&Ñ ÷ ÝkÚ>ÑÃÎ» *�ï ¹>Å>Ä µ ¾É¿ �

£pÝ&D



µ ¼ ¹�º å Õ¨ÑÃÙ.ÐÀÎÃÛbÔ�×.Ø�ÛÈ×hÕËä�×hÔ²Í�â.é�Ö�ÛÆâ²ØÃÚ>ÑÃÐÒÙ.ÖPÐ ¾À¾ ÍÃÙh×hÔ|Ú¬×hÛÆÎ�ÐÀÑ�û�Ï¨Í�Ô.Û µ ¼ ¹>¹ Ú>ÑÃÎ#âãÕ¨Ö Þ�Í�×hÛ×.Ø�Û�Ô.ÛÆÚ>âã×.ÐÉÕ¨ÑkÓ¢Õ>Ô²âãÛÆÙ&Ú>ÑÃÎ)×.Ø�Û�×hÛÆÑ�Ù.ÐÉÕ¨Ñ Ê Ó8Õ>Ô~×.Ø�Û+âbÚ>ÙhÛ�×.ØÃÚ¬× ´ ï ¹¬·�Þ ¼ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë 	 Ø�ÛàÓ¢Ô.ÛbÛ ¿ Õ
Î�ì/ÎÃÐÀÚ¬Ï>Ô²Ú>Ö$Õ>Óßû�Ï¨Í�Ô.Û ê�µ ¼ ¹>¹ Ùh×.Ð ¾À¾ Ø�Õ ¾ Î�ÙgÕ¨Ñ ¾ ì/Ñ�ÕËä ´ ï ¹¬· ÞÚ>ÑÃÎ<×.Ø�Û�ÙhÕ ¾ Í�×.ÐÉÕ¨Ñ)ÐÀÙ Ê ï ·�¾É¿ Ý » * ï ¸ µ ½>Ä�¾É¿ Ú>Ñ�Î » � ï ·�¾É¿ ¼µ ¼ ¹ µ å Õ¨ÑÃÙ.ÐÀÎÃÛbÔ~×.Ø�Û�×hÕÂäø×hÔ|ÍÃâ.é(Ö ÛÆâ|ØÃÚ>ÑÃÐÀÙ²Ö�Ù~Õ>Ó[û�Ï¨ÍÃÔ.Û Q µ ¼ ¹>¹ Ú>ÑÃÎNâbÚ ¾ âbÍ ¾ Ú¬×hÛ+×.Ø�Û�Ü¬Ú ¾ Í�ÛÕ>Óg×.Ø�Û�Ô.ÛÆÚ>âã×.ÐÀÕ¨ÑNÓ8Õ>Ô²âãÛÆÙ©Ú>ÑÃÎN×.Ø�Û�×hÛÆÑÃÙ²ÐÉÕ¨ÑkÐÀÑk×.Ø�Û+âbÚ ¿�¾ Û�Ó8Õ>Ô&Ü¬Ú ¾ Í�ÛÆÙàÕ>Ó ´ Ó8Ô.Õ¨Ö · ×hÕÅ¬· Þ ÐÀÑ@ÐÀÑ�âãÔ.ÛÆÖ ÛÆÑ�×.Ù�Õ>Ó µ Þ ¼ 	 ØÃÐÀÙ�âãÕ>Ô²Ô.ÛÆÙhÞßÕ¨ÑÃÎÃÙ�×hÕ	â²ØÃÚ>ÑÃÏ¨ÐÀÑ�Ï(×.Ø�Û�Þ�Õ¨Ù²ÐÉ×.ÐÉÕ¨Ñ%Õ>Óæ×.Ø�ÛÖ Õ>×hÕ>Ô&ÍÃÙ.ÛÆÎ)×hÕ4Ø�Õ¨ÐÒÙh×~Ú>Ñ(Õ ¿ .hÛÆâã× ö Í�Ù.ÍÃÚ ¾À¾ ìÈÚ>ÑkÚ>Í�×hÕ¨Ö�Õ ¿ Ð ¾ Û ÷ Ô.Û ¾ Ú¬×.ÐÉÜ>Û�×hÕ�×.ØÃÛ�×hÔ²ÍÃâ²éÓ¢Ô²Ú>Ö�Û ¼ ê ÍÃâ²ØÈÐÀÑ�Ó8Õ>Ô²Ö�Ú¬×.ÐÀÕ¨Ñ4ÐÀÙæÍÃÙ.ÛbÓ8Í ¾ ÐÀÑ4×.Ø�Û�Î�ÛÆÙ.ÐÉÏ¨Ñ4Õ>Ó§×.Ø�Û_Ø�Õ¨ÐÀÙ.×xÙhì
Ùh×hÛÆÖ ¼ � Ùx×.Ø�ÛbÔ.ÛÚ�ÞÃÔ²ÛbÓ¢ÛbÔ.Ô²ÛÆÎ�ÞßÕ¨Ù.ÐÉ×.ÐÀÕ¨Ñ ö ´ ÷ Ý
äàØ�ÛbÔ²Û&×.Ø�Û_Ö�Ú¬Ï¨ÑÃÐÀ×.ÍÃÎ�ÛàÕ>Ó§×.Ø�Û_Ô.ÛÆÚ>âã×.ÐÉÕ¨ÑÈÓ¢Õ>Ô|âãÛ_Ú¬× » ÐÒÙ�ÚÖ�ÐÀÑÃÐÀÖèÍÃÖ/Yê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë 	 Ø�Û%Ó8Ô.ÛbÛ ¿ Õ:ÎÃì,ÎÃÐÀÚ¬Ï>Ô|Ú>Ö ÐÀÑ£×hÛbÔ²Ö�Ù(Õ>Ó ´ ÐÀÙ)Ï¨ÐÀÜ>ÛÆÑKÐÀÑ ê�µ ¼ ¹>¹ ¼ 	 Ø�ÛÛ���ÍÃÚ¬×.ÐÀÕ¨ÑÃÙ�Õ>Ó�Û���ÍÃÐ ¾ Ð ¿ Ô²ÐÒÍÃÖ Ú¬Ô.ÛN×.ØÃÛNÙ.Ú>Ö Û ¼ 	 Ø�Û	ÙhÕ ¾ Í�×.ÐÀÕ¨ÑYÓ8Õ>ÔÈÛÆÚ>â|Ø�Ü�Ú ¾ Í�ÛkÕ>Ó ´ÐÀÙ

x

yÜ

Ax

T
Z

Ay

20

[

o

30o

1500lbs

1500lbs

O

C

60o

40o

�������U�|� � D�E¥£&D´ » * » � 	· µ Ä>½¬·4¾É¿ Ç ¹¨Á µ ¾É¿ ¹>¸>Ä>½�¾É¿µ Þ µ ¹�º µ ¾É¿ Ç ¹¬·¨½ ¼ Å�¾É¿ ¸¨Á:¶ÆÅ�¾É¿¶b·�Þ º�Á¬½�ºÈ¾É¿ Ç ¸�º>º ¼ Ä�¾É¿ ¸
¶ãº�Á�¾É¿¶ µ Þ º�¸>¹>½�¾É¿ Ç ¶ÆÄ¬·�¾É¿ ¶ µ Ä¨Á�¾É¿¸¬· Þ ¹>Å>Ä µ ¾É¿ Ç ¶>¶ÆÄ ¼ µ ¾É¿ ¶b·¨¹>½�¾É¿¸ µ Þ ¹
¶Æ¹¨Á�¾É¿ µ Ä ¼ ·4¾É¿ µ ·¨½ ¾É¿¹¬· Þ ¸ µ ½>Ä�¾É¿ · ·¹ µ Þ ¸¬·�Á¬¹�¾É¿ µ>µ ¼ ¸ Ç º�Ä�º4¾É¿ê Õ�Ó8Õ>Ô2Ü¬Ú ¾ Í�ÛÆÙ2Ú ¿ ÕÂÜ>Û ´ ï ¹¬·�Þ Ý�×.Ø�Û&×hÛÆÑÃÙ.ÐÉÕ¨Ñ4ÐÀÑ ×.Ø�ÛàâbÚ ¿�¾ Û&â|ØÃÚ>Ñ�Ï>ÛÆÙ�×hÕèâãÕ¨Ö Þ�Ô.ÛÆÙ.Ù.ÐÉÕ¨ÑäàØÃÐÀâ|Ø<×.Ø�Û�âbÚ ¿�¾ Û�âbÚ>ÑÃÑÃÕ>×~ÞÃÔ.ÕÂÜ:ÐÀÎÃÛ�Ú>ÑÃÎ(Ø�ÛÆÑÃâãÛ�×.ØÃÛ�Ü�Ú ¾ ÍÃÛÆÙ~Ú ¿ ÕËÜ>Û ´ ï ¹¬·�Þ Ú¬Ô.Û�Ñ�Õ>×Ü:ÐÀÚ ¿�¾ Û ¼ 	 Ø�Û�Ö�ÐÀÑÃÐÒÖ�ÐC\ÆÐÀÑ�Ï�Ü�Ú ¾ ÍÃÛ�Õ>Ó^×.Ø�Û�Ö�Ú¬Ï¨ÑÃÐÉ×.ÍÃÎ�Û_Õ>Ó1×.Ø�Û�Ô.ÛÆÚ>âã×.ÐÉÕ¨Ñ(Ó¢Õ>Ô²âãÛ�Ú¬× » ÐÀÙÚ¬× ´ ï ¹¬·�Þ ¼
£pÝpÉ



DAE¯£pÉ��½bcNG]xTdN?K�o�^qQYZ[V{`LK�N?MO^ ZSIpK"MONcM�TdMvIL]¨`���K"N?]
IpRi^æa!QS`L^ z�NcK�K"QSP�`XTvzlIpNcK&TvË `LK"P
zlIpMiN?TdN?IpK�QYP�a&mÊ`�ROIpb?bcQYR�`XT.zlIpN?K�T.�hE\��M.V&mAP"Rd`L��b?NcZ�^,ILTdN?IpK^]q^qI�_pQYM�TdV�Q
RiIpbcb?QSR��"z=�JTdV"QnzlIpNcK&T,IL]UZSIpK&TdRiIpb`_�Z[V{`LK"opQSMYE¼`&êgHr`LbcZY��b�`�TdQ�TdV�Q�Mim�^�alIpb?NcZ
RiQSbc`XTdN?IpK�MOV"Ncz�]
IpR�TdV�Q,ROQS`LZYTONcIpKÂ]
IpRiZSQq`XT(ËØ`LK"Põ�ÌNcKÂTdQSRi^qM(IL]vTdV�Q,bcQYK�oLTdV_X��tJQYNcopV&T J �!`LK�PnTdV�Q.`XK�opbcQ�¡0Eus6V�Q�ZSQYK&TdQSRUIL]0^h`XMOMUN?MU`�T�TOV�Q�opQYIp^qQ~TdRiNcZ
ZYQSK&TdQYR�IL]0TdV�Q.alQ}`L^�E�a�êUs6V�QYKÙQ~_X`Lbc�{`�TdQYTOV�QSMiQY]
IpRiZSQYMi]
IpR2TdV"Q.Z}`LMiQ)¡ � £LÀ Þ �_ � wL]xT|`LK"P J � F�ÀpÀ.b?a�MSE

B

A

8 ft

β

Hydraulic lift

�����(������� D�E¥£pÉ

� Ipbc�"TONcIpK8�â`&ê � ROIp^§TdV�Q2]
RiQSQ�a!I�P"mhP�N�`LoLRd`L^��\ Ú2* � À.� 
 � MONcK�¡	�5Ë�* � À é�F�ê\ Ú � � Àg� 
 �L� ��� ZSILM�¡%�5Ë � � À é ¤pê\ 1������ �lé%w0ZSIpM�¡g� # ��w0MON?K�¡2�� êXß�é 
 �L���� ê|�a_&é
ZSIpM�¡g� # ��MON?K�¡2�� êXßy��é 
 MONcK�¡g� # ��ZSIpM�¡n�� ê ���
ILR

é 
 wp^qo0ZYIpM�¡�ê �� �$_S��é
ZSIpM � ¡L�5MiNcK � ¡�ê �� � À
ILR

� � M w _ �L�vZSIpM�¡ O é £&ê
é
ZSIpK&TdN?K���QSP�ê

£pÝ&×



s6V���Mu]
ROIL^ é�F�ê
Ë+* � ��MON?K�¡ � w _ �L�vZSILM§¡(MON?K�¡

x

yÜ

Ax

B

Ay

4
�

A

mg

B

�������U�|� � D�E¥£pÉ
]
RiIp^ é ¤pê

Ë � � �L� 
 � ZSIpM�¡ � �L� 
 w _ �L�JZYIpM � ¡
a{ê

� � ww éèF�ÀpÀ&ê"ZYIpM{£pÀ Þ � ÝLÉ � É.b?a�M
Ë�* � é ww êYé�F�ÀpÀpêSé%ZYIpM{£pÀ Þ êSé
MONcKu£LÀ Þ ê � ��MON?K|£pÀ � F¤ � � w&£ � £�bca"M
Ë � � F}ÀpÀ 
 ww é�F}ÀpÀ&êSé
ZSIpM � £pÀ Þ ê � F}ÀpÀ 
 � ZSIpM�¡ � ¤pD � À.bca�M

£pÝpÝ



DAE¯£&×5� bcNG]xTdNcK"o�^,QSZ[V{`XK�NcMi^§ZYIpK�MiNcMiTOM6IL]¨`�^,ILTdILRvRiILT[`XTONcK�o�`�a{`LRvtuN?TdV*`�ROIpb?bcQYRvIpK
NGTdMvQSK�P=EyHr`XbcZS�"b�`XTOQ�TdV"Q�ROQS`LZYTONcIpK*]
IpRiZSQYM6`XTrzlIpN?K�TOMrË¦`LK"P��¿`LMJTOV�Q�`LK�opb?Qè�
Z[V�`LK�opQYMr]
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`XK�opbcQ6IX]¶ÉpÀ Þ tuN?TOV,TOV�Q�b?NcK�QrTOV�ROIL��opVgTdV�Q|ZSb?Nc^�alQSRYÐ¯M0alIAP"m�^qI�P�QSb?QSPq`LM0a!QYNcK�o
`Xz�z�bcN?QSP�`XTU`,zlIpN?K�T(F(^qQ~TdQYR���z�]
ROIp^ÍTdV�Q�z!IpN?K&T�IX]âZSILK�Td`LZYTSE � �Az�b�`LN?K�tuV&m
TOV�NcM6ZYIpK"¸{oL��Rd`XTONcIpK�ZS`LK�a!Q�^,IAP�QYbcQYPn`XMu`,z{`XRiTdN?ZSb?QLE

i

ii ijjj jj j jj j

c.g.
60°

60°
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� Ipbc�"TONcIpK8��s6V�Q2]
ROQYQ2a!I�P"mhP�N�`LoLRd`L^ IL]¨Md`X^qz�b?Q�DAEGF�z{`LRiTrP�N?MrROQYz!QS`XTdQYPnV"QSROQ
tuNGTdV�TdV"Q(P"Nc^,QSK�MiNcIpK�M6oLN?_pQYK=E\ Ú2* � ã �£-fZYIpM�ÉpÀ Þ 
 ÝpÀpÀ²MiNcK6ÉpÀ Þ � À\ Ú � � hq�K-nMON?KuÉpÀ Þ 
 ÝpÀpÀ²ZSILM{ÉpÀ Þ � À\ ÿ,��� -�MiNcKuÉpÀ Þ 
 é%ÝpÀpÀ&êYé�F � w�ê"ZSILM�ÉpÀ Þ � À
� Ipb?_�NcK"o�mAN?QSb?P�MS�

ã � £pÉpå � D�ç- � ÉLw&É � É.ç é
ZSIpK&TdN?K���QSP�ê

£påLw



h ��
 F�ÉpÀgç
s6V"Qr¸{op��RiQJ]
IpRO^,M²`2£�]
ILROZSQ6^,QS^�a!QYRSE¨s6V��"M0TOV�Qr]
IpRiZSQSM�^���MiT0alQrZYIpK�ZS�"ROROQYK&T
ILR6z{`LRd`XbcbcQYb E�s6V�QYm�`LRiQ2ZSIpK"ZS��RiROQSK&T�MOI,N?Tu^q`}m*alQ�TOROQS`XTdQYPf`LM|`.z{`LR�TdN?ZSbcQXE
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DAE³w&À�s6V"Q,Td`LNcbâRiILTdILR(IX]6`�V�QSb?NcZSILz"TdQYR2Z}`LK\a!Qg^,IAP�QYbcQYPõ`LM(`�a!QS`L^ ¸"�AQSPõ`XT�TdV�Q
ZS`La�N?K=EU��RO`}t¾`q]
ROQYQ�alIAPAmnP"N�`LopRO`L^µ`LK�PfZSIp^,z��"TOQ�TdV"Q�ROQS`LZYTONcIpK�]
IpROZYQSMY�8NcK
TOQSRi^qM6IL]¨TdV"Q�]
ILROZSQ/- `LK�P�TdV�Q�`XK�opbcQ�����`XT6TdV"Q2z!IpN?K&TuIL]�ZYIpK�K�QYZYTONcIpK�IL]¨TdV�Q
Td`LNcb�MiQSZYTONcIpK�TOI�TdV�QUZ}`La�N?K=E²�UMiMO��^,Q�TdV�`XTrzlIpNcK&T6� NcMr`Y5è¸"�AQSPß7.ZYIpK�K�QYZYTdN?IpK=E

Α

point of connection

Rotor

3 m

θ
T

�����(������� D�E¯w&À

� Ipbc�"TONcIpK8��s6V�Qq]
ROQSQqa!I�P"mÙP�Nc`LopRd`X^ NcM�`nM�TdRd`XNcopV&T(]
IpRitJ`LROP�`Lz�z�b?NcZ}`�TdNcILKÙIX]
¸�op��ROQ�DAE¯£"E¥×AE²s6V�Q�QSä��{`�TdNcILK�MuIL]�QYä���Ncb?Nca�RiNc��^Í`LROQ\ Ún* � À.IpR�-fZYIpM�� 
 Ë+* � ÀgIpR6Ë+* � -nZSILM^� �\ Ú � � ÀgIpR6Ë � �K-�MiNcK�� � À.IpR6Ë � ��
 -�MON?K�� �\ ÿp��� À.IpR ÿ �£-�é%MON?K��pêYé £&ê � À.IpR ÿ ��
 £�-fMiNcK��

Ax

y4
A y4

3
n T

θ
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o�prqts�uEvUw*xzy�{}|�~��t������s�u;�E�;��|�~�|��������E�gs�x���{�����xzy��E������u;s�q���u;��u��Es��zq���*{��E���Exzpt~ ��u;s�x�������qts�uEvUw*xzy�����u;pf{z��s�� �z�¡��¢�s�x�xz£¤vzuU¥E¦G¥E�����EsH�Ey���§As�����x����x¨x�©U�f�E�ª��u;pf{�u�¢�x�©U����wC��vUsz����y �Ept¥«{z���E��x¬� ¢­����x®{z¦T{z��xzy �*{¯qts�u�q�xzs�wC¦��u;pf{z��sH�E��pRx�¥,u;s=pRu;�±°²��~�xU~³� ��x�u;y´xz��s������Ew�wC¦>{z����vUw*x�µ¶�Ept¥·§±��xz����xzs����¸�*{&{z�²�E�������Ew�wC¦¥�xz��xzs�y���pt�E��x�u;s9{z���E�������Ew�wC¦¹��pt¥�xz��xzs�y���pt�E��xU~
DAE³w�F HJILK�MiTORO��Z~TJ`U]
RiQSQBjkalIAP"m�P�N�`XopRd`L^¾IL]!`2alQ}`L^���F�À�^�bcIpK�o"�L¸"�AQSPq`XT²QS`LZ[VqQYK�P=�

`XK�P�tuN?TdVn`.bcI&`XP�IL]JF}ÀpÀpÀgç¾`Lz�z�b?NcQSP�`�TuN?TdM6ZYQSK&TdQYR�IX]�opRO`}_ANGTkmpE

10 m

A B

F = 100 N

5 m

�����(������� D�E¯w�F

� Ipbc�"TONcIpK8�Ís6V�Q¼]
RiQSQÁa!I�P"m3P�N�`LoLRd`L^ NcM oLN?_pQYK NcK � N?op��ROQ � DAE³w�FpE s6V�Q
QYä��{`XTdN?IpK�M6IL]�QSä���N?bcNca"RONc�"^Í`XROQ\ Ú2* � À.IpRuã �%
 ã W}� À\ Ú � � À.IpR�h � �ºh W�
 F}ÀpÀpÀ � À\ ÿXW}� À.IpR ÿp�%
ÊÿXW � éªh � êSéèF�À&ê 
 éèF�ÀpÀpÀ&êYé Dpê � À
s6V"QSROQ�`LROQ�£qQYä��{`XTdN?IpK�MU`LK�P�É,��K�W�K�I�tuKÏROQS`LZYTONcIpK"M�MiIhTdV{`�T�TOV�NcM|Mim�MiTOQS^ÌNcM
M�T[`XTONcZS`LbcbGmqN?K�P�Q~TdQSRi^qN?K{`LK&T E²s6V�Q�Mi��z�zlIpRiTOMuP�IgZSIpK�M�TdRO`LNcK�TdV"Q2^qILTONcIpK�N?K*TdV�Q� 
 ��`LK�P�ROILTd`XTdN?IpK{`LbLP�NcRiQSZYTONcIpK(MOI|TdV{`�T�TOV�QJM�mAM�TdQY^�N?M¨z"ROIpzlQSRib?m*ZYIpK�M�TdRd`XNcK�QYP
éxTdV�Q�]
IpROZYQSM2P�I�K�IXT�]
IpRO^ `*ZSILK�ZS��RiROQYK�T�]
IpRiZSQ.M�mAM�TdQY^ K�IpR2`*z�`LRd`Lb?bcQYb�]
ILROZSQ
M�m�MiTdQY^*êBE

é
ZSIpK&TdN?K���QSP�ê
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DAE³w�¤5� RO`LP�Nc�"M�`XRO^ ]
IpR(`�MO��Miz!QYK�MON?IpKõM�mAM�TdQY^ N?M,F}Ý¼» »¨bcIpK"o��¶TdV�Q,ZSo�NcMgF�À¼» »�]
RiIp^
Ë3`LK�PfTOV{`XT�TOV�Q�Miz�RON?K�o*N?M�`XTiT[`LZ[V�QYPÂ`XT�F}ÀpÞS��F�¤;» »8]
RiIp^µz!ILNcK&T�Ë�EUs6V�Qg`LRi^
tvQSN?opV�M|Ý.bca=E

A B C

θ

�����(������� D�E¯w�¤

� Ipbc�"TONcIpK8��s6V�Q�]
ROQYQ(alI�P"m*P�Nc`LopRO`L^ØN?M6opN?_LQSK�NcK*TdV"Q�¸�op��ROQXE

Ax Cx

Ay

W=8 lbs

10 in.
B

12 in.

x

yÜ

A
D C

½FB

Cy

θ

�������U�|� � D�E¯w�¤

s6V"Q(QYä���Ncb?Nca�RiNc��^§QSä��{`XTONcIpK"M�`XROQ\ Ún* � ÀgILR|Ë�* 
 Î©* 
 Ú W MONcK�� � À\ Ú � � ÀgIpR6Ë � ��Î � 
 Ý��5Ú W ZSIpM�� � À\ ÿ,��� À.IpR(é 
 F�ÀpêSé Ýpêg� é Ú W ê"MONcK��"é�F�¤Lê[� éèF�Ý&êSé%Î � ê � À
s6V"NcM RiQSz�RiQSMOQYK&TdM £ QSä��{`XTONcIpK"M NcK D ��K"W�K"I�tuK"M `XK�P V�QSK�ZYQ NcM
� T[`XTONcZ}`Xbcb?m,N?K�P�QYTOQSRi^qN?K{`LK&T E�s6V�Qv]
ILROZSQYMâ`LRiQJK�IXT�ZYIpK�ZS�"ROROQYK&T}�&K�IpR�`Lb?b&z{`LRd`XbcbcQYb
`XK�PÊ^qILTONcIpK N?M.ZSIpK"MiTdRO`LNcK"QSP5NcKÊa!IXTdVÊTdV�Q%�¼`XK�Pø�õP�NcRiQSZYTONcIpK"Mg`LM�tJQYbcbu`LM
RiILT[`�TdNcILK�MOI.TdV{`�T|TOV�Q�Mim�MiTOQS^áN?M6z�ROIpzlQSRib?m�ZYIpK�M�TdRd`XNcK�QYP E
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DAE³w&£��½alQ}`L^æN?MvMi��z�zlIpRiTOQSP*a&mq`�z�N?Kh`�TJzlIpNcK&TyË `LK�P�`(ROIpzlQU`�TvzlIpN?K�TJ�hE � TvV{`LM
`�^h`LMiMrIL]�¤pD�W�og`LK"P*TdV�QU]
ILROZSQ�Ú3`XTr�¿NcMUFSw&À.ç�E"`&êJHJIpK"MONcP"QSRJTOV�Q2Mim�MiTOQS^
K"QSopb?QSZYTONcK�ogTdV"Q�tvQSNcoLV�TU`LK�Pfa�êuZYIpK�MiNcP�QYR|TOV�Q�M�mAM�TdQY^ N?K�ZSb?��P�NcK"o,TOV�Q�Q~�8QYZYTOM
IX]�TOV�Q2tJQYNcopV&T}E

A

y

T

F

B
x

0.5

c.g.

0.3 m

υ = 30°

�����(������� D�E¯w&£

� Ipbc�"TONcIpK8��s6V�Q\]
ROQSQÙalIAP"m½P�Nc`LopRO`L^ NcM�opNG_pQSK NcKÁ¸{op��RiQ � DAE³w&£ÊtuN?TdV½TdV�Q
�"K�W�K�I�tuK�]
IpROZYQ4-àa�ROILWLQSKÏ�"z�NcK&TdIqN?TOM+�Ù`LK�P#��ZYIp^,z!IpK"QSK&TdMYE�`&ê � opK�IpRiNcK�oJ �"TOV�Q�QSä��{`XTONcIpK"M|IX]�^,ILTdN?IpK�`LRiQ\ Ún* � ÀgILR6Ë+* 
 -fZYIpM�£pÀ Þ � À\ Ú � � À.IpR6Ë � �½F}w&À��£-�MiNcKu£pÀ Þ � À\ ÿ,��� À,IpR(é¦-fMiNcK|£pÀ&êYé � Dpê[� é�F}w&ÀpêSé � Dpê � À
tuV"NcZ[V¾`LRiQÊ£´NcK�P�QYz!QYK�P�QYK�TÂQYä��{`XTdN?IpK�MÏN?K¦£´��K�W�K�I�tuK�M¾eL-���Ë+*5`LK"P¦Ë �V"QSK�ZYQfTdV�N?MhM�mAM�TdQY^ `LRiQfMiTd`XTdN?Z}`Lb?b?m,P�Q~TdQSRi^qN?K{`LK&T E½s6V�Q�M�m�MiTdQY^ ^q`}m�b?IAILW
b?NcWXQ(NGTuNcMuz�RiIpz!QYRObGm�ZSIpK"MiTdRO`LNcK"QSP=�la��"T�K�ILTONcZSQ2TOV{`XT|MOIpb?�"TdN?IpK�IL]�TOV�Q�^,Ip^,QSK&T
QYä��{`XTdN?IpK�m�NcQSb?P�M�- ��
 ¤LÝpÀpç(E{s6V�Q(^qN?K��"M6MONcoLKnN?K�P�NcZS`XTdQYMrTdV{`�T|TOV�Q�ROIpzlQ�NcM
N?K�ZSIL^qz�RiQSMiMONcILK=�¶`LKÏN?^qzlIpMOMiNca�N?bcNGTkmh]
IpRU`*ROIpzlQL�8TOV���M�TdV�Q�Mim�MiTOQS^ðtuN?bcb�TdQSK"P
TOIfRiILT[`XTOQq�"zÊ`LK�PõN?M�TOV�QSRiQY]
IpRiQhNc^,z�RiIpz!QYRObGmhZYIpK�MiTORd`LN?K�QSP a�ê�NG]rTdV"QqtvQSNcoLV�TJ � ¤pDLÀLç NcMuK�I�t ZYIpK�MiNcP�QYROQSP8��TdV�Q�QSä��{`�TdNcILK�MuIL]�QYä���Ncb?Nca�RiNc��^§a!QYZSIp^,Q\ Ún* � ÀgILR6Ë+* 
 -fZYIpM�£pÀ Þ � À\ Ú � � À.IpR6Ë � 
 ¤pDLÀ��½F}wpÀ��K-�MiNcKu£pÀ Þ � À\ ÿ,��� ÀgILR(é 
 � £&êYé ¤pDXÀ&êg� é � Dpê y FSw&À��K-nMON?K�£LÀ Þ { � Àé
ZSIpK&TdN?K���QSP�ê

w&ÀpÀ



� NcK�ZYQÙtvQõV{`}_LQõIpK�bGmP5O`LP�P"QSPß75TdV�Q\QY�!QSZYTfIL].`5W�K�I�tuK ]
IpROZYQL��TdV"QSMOQ�`LROQ
M�TdN?bcb�`ÁMiQYTÙIL]h£´QSä��{`XTONcIpK"M\`XK�Pà£Á�"K�WLI�tuK�M\`LK�P¾V�QYK�ZSQÊTdV�Q M�m�MiTdQY^ NcM
M�TdN?bcblMiT[`�TdNcZS`LbcbGmhP"QYTdQYRO^,NcK{`XK�T E0ç�I�t K�ILTdQ2TOV{`XTuNcK"ZSbc�"P�NcK�o�TdV�Q�tvQSN?opV&T�N?K*TdV�Q
^,Ip^,QSK&T�QSä��{`XTONcIpK RiQSK�P�QYROM�TOV�Q*zlIpMOMiNca�N?bcN?TkmÏTOV{`XT4-À¿ÍÀÏ`LK�PõTOV�Q�Mim�MiTOQS^
^,NcoLV�TÂK"I�t·a!QÊMiTd`XTdN?Z}`Lb?b?m P�QYTOQSRO^,NcK�`LK&T}E s�I Z[V�QSZ[W¦TdV"NcMS�.TOV�Q�^,Ip^,QSK&T
QYä��{`XTdN?IpK�m�NcQSb?P�M -�é � Dpê ��
 ×LÀ���×pD � D�IpR_- � F}À,ç}¿¼À
`XK�P�TdV�Q�Mim�M�TdQS^µN?M6K�I�t z�RiIpz!QYRObGm*ZSILK�MiTORd`LN?K�QSP E
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DAE³wpw�s6V"NcMJM�m�MiTdQY^ØZYIpK�MON?MiTONcK�o�IX]¨`�a{`LRvNcMyV�QSb?P*NcK*z"b�`LZYQUa&m*`�RONcoLNcP,^h`LMiMOb?QSMOMJbcNcK"W
`�T2ÎØ`XK�PÏTktJI�RiIpbcb?QSROMY�8IpK"Q.`XT2Ëæ`XK�PÏIpK�Qg`XT�öfE�s6V�Q.^q`LMOM�IX]yTOV�Q�a{`XR�NcM
F}ÀpÀ.W�o,`LK"PnNGTdM6ZSQYK&TdQSR|IL]�opRd`}_�N?Tkm*NcMu`XTuzlIpNcK&T|�hE

y

x

A

B D

0.5 m

0.7 m

1.2 m

C

�����(������� D�E¯wpw

� Ipbc�"TONcIpK8�ðs6V�Q ]
RiQSQ a!I�P"m§P�N�`XopRd`L^ NcM�oLN?_pQYK±NcK§¸{op��RiQ � D�E¯wpw"E s6V�Q
QYä���Ncb?Nca�RiNc��^ QSä��{`�TdNcILK�M|`LROQ\ Ú2* � À � K�Ig]
IpROZYQSMuNcK�TOV�Q � 
 P�N?ROQYZYTdN?IpK\ Ú � � Àge Ë � �5ö � ��Ú 
 é�F�ÀpÀpêSé å � Ý"F�ê � À\ ÿp��� Àfeæé 
 � DpêYé åpÝ"F�êg� é � ×pêYé Ú�êg� é�F � ¤pê�ö � � À
s6V"NcM0NcMv¤�QSä��{`XTONcIpK"MvN?Kq£���K�W�K�I�tuK�MJ`LK�P,NcM²TdV���MyMiTd`XTdN?Z}`Lb?b?mqNcK�P"QYTdQYRO^,NcK{`XK�T E
s6V"Q�]
IpROZYQSM(`LROQg`Xbcb¨z{`LRd`XbcbcQYbâ`LK"PÂTOV�Q.^,ILTdN?IpKÏ`Lb?IpK�o	�\NcM2K�IXT2ZSIpK"MiTdRO`LNcK"QSP=E
s6V���MuTdV"NcM6Mim�M�TdQS^µN?M6Nc^,z�ROIpzlQSRib?m,ZSILK�MiTORd`LN?K�QSP E
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DAE³w�D5� MOV�QYb?]¨NcMvV�QSb?P�NcK*z"b�`LZYQUa&m�`�RiIpbcb?QSRv`XTrË `LK�P�`�RiIpz!Q�`XT6�hE²s6V"Q2MOV�QYb?]�V{`LM
`.^q`LMOM6IX]0¤LÀ.W�o�E²s6V�Q(ZSQYK�TOQSR|IL]�^h`LMiM6NcM|`XTuzlIpNcK&TuÎgE

A

y

C
x

B

4 m

Rope5 m

�����(������� D�E¯w�D

� Ipbc�"TONcIpK8�=s6V�Qv]
RiQSQva!I�P"m�P�Nc`LopRd`X^ NcM¨opN?_LQSK�NcK�¸{op��RiQ � DAE³w�DAE¨s6V�QvQSä��{`XTONcIpK�M
IX]�QYä��"NcbcN?a�RON?��^§`LROQ ü Ún* � Àfe{K�I.]
IpRiZSQSMuN?K�TOV�NcMuP�N?ROQYZYTdN?IpK=E\ Ú � � Àge}h �L
 F�åLÉ��K- � Àfe\ ÿ,��� Àge�é 
 w&êSé�F}åpÉ&êg��D"éf-Uê � À �
s6V"QSMOQ `LRiQ·TktJI QSä��{`XTONcIpK"M N?K TktJI ��K�W�K�I�tuK�M MOI TdV"Q M�m�MiTdQY^ NcM
M�T[`XTONcZS`LbcbGmqP"QYTdQYRO^,NcK{`XK�T EÊs6V�Q�MOIpb?�"TdN?IpK NcM)- � F�DLÉ � ÝÂç��&h ��� £på � ¤Ïç�E� I�tJQ~_pQSR|TdV�N?M6NcMu`.z{`LRO`Lbcb?QSbl]
IpR6Mim�MiTOQS^���K�I,]
ILROZSQYMuQ~�ANcM�T�N?K�TdV�Q ��P"NcROQYZYTONcIpK
TOIgROQSM�TdRO`LNcK�^,ILTdN?IpK�`LK�P�TdV"Q(M�m�MiTdQY^µNcM6Nc^,z�RiIpz!QYRObGmhZYIpK�MiTORd`LN?K�QSP E
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DAE³w&É��½£pÀLÀ�jkb?a,a"bcI�Z[W�NcMyV�QSb?PqN?Kqz"b�`LZYQ|a&mq`�z�NcKq`XTyË `XK�P*`�ROIpzlQ|`XTJ�hEâ�àF�ÀpÀ�j�bca
]
ILROZSQ�NcM2`Lz"z�bcN?QSPÏ`XT�z!IpN?K&T2ÎgE � T2N?M�¤q]xT2a&m�F�]xT2`LK�PÏN?TOM�ZSQYK&TdQSR�IL]yopRO`}_ANGTkm
N?M6bcI�Z}`XTOQSPn`XTuN?TOMuopQSIp^,QYTORON?Z2ZSQSK&TOQSRSEr��NcMOZY��MOM6TOV�Q�MiIpbc�ATdNcILK�]
ILRrTdV�Q(Z}`LMiQSMY�^�
K"ILT�Miz!QYZSN?¸�QSP=�1� � À Þ � `LK�P}� � £pÀ Þ ��I�QSM�N?T�^h`XTiTdQYR|tuV�Q~TdV�QYR�IpR�K�ILT �,NcMMiz!QYZSNG¸{QSP Ì���I�QSMrTOV�Q�MOzlQSZYN?¸{Z�_X`Lbc��Q2IX]æ��^q`XTOTOQSR�Ì

A B

C

y

x
100 lb

Rope

c.g.

θ

�����(������� D�E¯w&É

� Ipbc�"TONcIpK8��s6V�Q�]
RiQSQ2alIAP"mqP�Nc`LopRd`X^§N?MropNG_pQSK�N?Kh¸{op�"ROQ � DAE³w&É.`LK"P�opN?_LQSM6RON?MOQ
TOI.TdV�Q2]
Ipb?bcI�tuNcK�o�QSä��{`XTONcIpK�MuIL]�^,ILTdN?IpK=�\ Ún* � ÀfeuË+*_�K-nZSIpM����ÁF�ÀpÀ � À\ Ú � � ÀfeuË � 
 £pÀpÀ��K-nMON?K�� � À\ ÿ,��� Àge�é 
 F�êSé £LÀpÀ&ê[� é�F�êYé�F�ÀpÀpê[� é ¤pê.-nMON?K+� � À
s6V"QSMOQ*`LROQh£fQSä��{`XTONcIpK"M�`LK�P�£f��K�W�K�I�tuK�Mg`LM�bcIpK"of`LMÈ�nN?M�MOzlQSZYN?¸{QYP=�²`LK"P
TOV�QhM�m�MiTdQY^·NcM�MiTd`XTdN?Z}`Lb?b?m,P�QYTOQSRi^qN?K{`LK&T E � ]���NcM�K�ILT.Miz!QYZSN?¸�QSP�TdV"Q*Mim�MiTOQS^
IX]vQYä��{`XTdN?IpK�M�tvIp��b?PÙZYIpK&T[`LN?KÏw���K�WLILK�tuK"M*é
MiTdN?bcb¨IpK�bGmÏ£*QSä��{`�TdNcILK�M[ê�`LK"P\`
MiIpbc�ATdNcILK�tJIp�"bcP�K�ILT�alQ0z!IpMiMON?a�bcQXE¨s6V"QyMiIpbc�ATdNcILK�M�`LROQX��`XT2� � À"��TdV"Qy^,Ip^,QSK&T
QYä��{`XTdN?IpKhZS`LK�K�IXTJalQUMO`XTdN?Mi¸{QYP�`LK�P,TdV�Q�Mim�MiTOQS^ØN?MvN?^qz"ROIpzlQSRib?m,ZSIpK"MiTdRO`LNcK"QSP E
� IpRvTdV�Q�Z}`XMOQ4� � £pÀpÞS��TOV�Q�^qIL^qQYK�TuQYä��{`XTdN?IpK�m�NcQSb?P�M- � F�ÀLÀ

MON?Ku£pÀ Þ � ¤LÀpÀLç �
MiIáTdV{`XTàË � � F}ÀpÀµç `LK�P Ë+* � 
 ¤p×L£µç `LK�P TdV"Q§M�m�MiTdQY^ NcM
z"ROIpzlQSRib?m*ZYIpK�M�TdRd`XNcK�QYP E
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µ ¼ º�Á 	 Ø�ÛàÞ�Ô.Õ¨Ùh×.Ø�Ûb×.ÐÀâ&é
Ñ�ÛbÛ�âãÕ¨Ñ�×.Ú>ÐÀÑ�ÙxÚ>Ñ)Ú>âã×.Í�Ú¬×hÕ>Ô�×hÕ/Ú>Ù²Ù.ÐÀÙh×æÖ ÕËÜ>ÛÆÖ�ÛÆÑ�× ¼ 	 Ø�Û_Ú>âã×.ÍÃÚ¬×hÕ>ÔÓ¢Õ>Ôx×.Ø�Û_é:ÑÃÛbÛ©ØÃÚ>Ùx×.Ø�Û_ÎÃÐÀÖ�ÛÆÑÃÙ.ÐÉÕ¨ÑÃÙ2Ð ¾À¾ ÍÃÙ.×hÔ²Ú¬×hÛÆÎ�Ú>ÑÃÎ4äxÛÆÐÉÏ¨ØÃÙ ¸�¾À¿ ¼ 	 Ø�Û&âãÕ¨Ñ�Ñ�ÛÆâã×.ÐÉÕ¨ÑÚ¬× » ÐÒÙ~Ú/Þ�ÐÀÑ<äàØ�Ð ¾ Û©×.ØÃÚ¬×àÚ¬× ô ÐÀÙ~Ú/Ó8Ô²ÐÀâã×.ÐÀÕ¨Ñ ¾ ÛÆÙ.ÙæÔ.Õ ¾Ò¾ ÛbÔ ¼

6 in

3 in

3 in

1 inA

B

x

y

c.g.

�����(������� D�E¯w�×ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë 	 Ø�Û�Ó¢Ô.ÛbÛ ¿ Õ:Î�ì<ÎÃÐÀÚ¬Ï>Ô|Ú>Ö�ÐÀÙ~Ï¨ÐÉÜ>ÛÆÑNÐÒÑ)û�Ï¨Í�Ô²Û ê�µ ¼ º�Á ¼ 	 ØÃÛ�Û��:ÍÃÚ¬×.ÐÉÕ¨ÑÃÙàÕ>ÓÛ���ÍÃÐ ¾ Ð ¿ Ô²ÐÒÍÃÖ ¿ ÛÆâãÕ¨Ö Û>ë \ î *�ï ·%Í ð » *�ï ·\ î � ï ·%Í » � ð ¸ ó F W ï ·\ õ � ï ·%Í ö ¸¨÷ ö F W ÷ ðXö ¸¨÷ ö ¶Ë÷ ï ·' ØÃÐÒâ²Ø ÐÒÙøÚ�Ùhì:Ù.×hÛÆÖ Õ>Ó ¹ Û���Í�Ú¬×.ÐÉÕ¨ÑÃÙqÐÀÑ ¹ ÍÃÑ�é
Ñ�ÕËä&ÑÃÙKÙhÕ ×.Ø�Û�Ù.ì:Ùh×hÛÆÖ ÐÀÙÙh×.Ú¬×.ÐÀâbÚ ¾À¾ ì<Î�Ûb×hÛbÔ²Ö�ÐÀÑÃÚ>Ñ�× Ú>Ñ�Î�Þ�Ô.Õ>ÞßÛbÔ ¾ ì4âãÕ¨Ñ�Ùh×hÔ²Ú>ÐÀÑ�ÛÆÎ Ó8Õ>Ô}×.Ø�ÛKâbÚ>ÙhÛwÐ ¾À¾ ÍÃÙh×hÔ|Ú¬×hÛÆÎ ¼ÎàÕÂä�ÛbÜ>ÛbÔ#ÐÉÓ�Ú�Ö Õ¨Ö ÛÆÑ�×%Õ>Ó�Ó8Õ>Ô²âãÛ}äxÛbÔ.Û}×hÕ ¿ Û}Ú¬ÞÃÞ ¾ ÐÉÛÆÎø×hÕ£×.Ø�Û}Ú>âã×.ÍÃÚ¬×hÕ>ÔÆÝ ×.Ø�ÛÞ�Õ¨Ù²Ù.Ð ¿ Ð ¾ ÐÉ×Bì&×.ØÃÚ¬×RF W ¿ ÛÆâãÕ¨Ö ÛÆÙ^ÑÃÛbÏ¨Ú¬×.ÐÉÜ>Ûæä�Õ¨Í ¾ Î�Ô.ÛÆÑÃÎÃÛbÔ^×.Ø�ÛxâãÕ¨ÑÃÙh×hÔ²Ú>ÐÒÑ�×.Ù[ÐÀÖ Þ�Ô.Õ>ÞßÛbÔ ¼
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DAE³w&Ý�� MiTOQSQSb!a�Rd`XZ[WLQYTiTuIL]�^q`LMOMr¤�W�o.NcMy^qIp�"K�TOQSP*tuNGTdV�`�]
RiNcZ~TdNcILK�bcQYMOM0ZSIpK"K�QSZ~TdNcILK
`�T�Îµ`LK"P�`�z�NcK\`XT�Ë�E*s6V�Q,ZSQYK&TdQSR�IL]ropRO`}_ANGTkmÂNcM(`XT(zlIpNcK&T��hE � IpR2tuV{`XT
_X`Lb?��QSM�IL]0TdV�Q�V�IpRON¢9SIpK&Td`LbcbGm�`Lz�z�b?NcQSP�]
IpROZYQ.Ú§tuN?bcb¶TdV"Q�Mim�MiTOQS^ alQ�z�RiIpzlQSRObGm
ZYIpK�M�TdRd`XNcK�QYP Ì

AB
1cm

15cm

15cm

10cm

y

x

F

C

�����(������� D�E¯w&Ý

� Ipbc�"TONcIpK8�=s6V�Qv]
RiQSQva!I�P"m�P�Nc`LopRd`X^ NcM¨opN?_LQSK�NcK�¸{op��RiQ � DAE³w&Ý"E¨s6V�QvQSä��{`XTONcIpK�M
IX]�QYä��"NcbcN?a�RON?��^§`LROQ \ Ún* � Î 
 Ë�*��5Ú � À\ Ú � ��
 F�å � É��5Ë � � À\ ÿ,��� Úqé D�ZY^hê 
 éèF�å � É&êSéèF}wpZY^hêg�5ÎhéèF�DXZY^hê � À
s6V"NcM²ROQYz�ROQYMOQYK�TOMr`2Mim�M�TdQS^ IL]8£2QSä��{`XTONcIpK"MyN?K�TdV�Q|£���K�W�K�I�tuK�MyË+* � Ë � ��`LK"PÎ é%ZSILK�MON?P�QSRiNcK�o|Ú�TOI�alQ0W�K"I�tuK8�La��"T¨K�IXT¶mpQYT�MOzlQSZYN?¸{QYP�ê~E�s6V���MS�XopN?_LQSK�Ú�TdV�Q
M�m�MiTdQY^7NcM.M�T[`XTONcZ}`Xbcb?m,P�Q~TdQYRO^,NcK{`LK&T E s6V�Q�ä��"QSMiTONcIpK5IL]�z�ROILz!QYR.ZSIpK�M�TdRO`LNcK&TdM
V"I�tvQY_LQSR(P�QSzlQSK"P�M�ILKÙTOV�QgMOIpb?�"TdN?IpKÏIL]yTdV�QYMOQgQSä��{`XTONcIpK"MSE � zlQSZYN?¸{ZS`LbcbGmp�=tuNcb?b
TOV�Q´ZYbcI�Z[W�tuN?MOQ´^,Ip^,QSK&T�z"ROI�P���ZSQYPæa&mæÚ a!Q´bc`LROoLQSR\TOV{`LK3TOV�Q¼ZSIL��K&TdQSR
ZYbcI�Z[W&tuNcMOQ�^,Ip^,QSK&T6z�RiIAP��"ZSQSPna&m*TdV�Q2tvQSN?opV&T}�¶F�å"E¯Égç¶Ì�s6V"Q(MiIpbc�ATdNcILK�Mu`LROQ

Ë � � F}å � Égç
Ë�* � Î ��Ú
Î � F�Ý � £ 
 ÚacX£ é
ZSIpK&TdN?K���QSP�ê

w&ÀpÝ



s6V"Q�b�`LM�T�QSä��{`�TdNcILK5RiQY_LQ}`Lb?M�TdV{`XT�TdV�Q*ZYIpK�P�NGTdN?IpKõ]
IpR.`�z"ROIpzlQSR.ZYIpK�MiTORd`LN?K&T}�
Î�¿¼À(alQSZYIp^,QSMuF�Ý � £�¿¼Ú>cL£(ILRvÚ�ÒÁDXw � ågç Eâs6V���Mv`LMybcIpK�o(`LM²TOV�QU`Xz�z�bcN?QSP]
ILROZSQ�ÚÌROQY^h`LN?K�M�b?QSMOM�TOV{`LK�DLÉÏçá`LK"P5K"IÏILTdV�QYR�]
IpROZYQSMg`LRiQ�`Lz�z�b?NcQYP=�âTdV�Q
M�m�MiTdQY^áNcM6z�RiIpzlQSRObGm*ZYIpK�MiTORd`LN?K�QSP E
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µ ¼ º�½Ká ÞßÕ ¾ Û©Ø�Ú>ÙxÚèÖ Õ¨Ö ÛÆÑ�× õ Ú>ÑÃÎÈÓ8Õ>Ô²âãÛ î Ú¬ÞÃÞ ¾ ÐÉÛÆÎ�×hÕ/Þ�Õ¨ÐÒÑ�× P Ú>Ùæ×.Ø�Û_Ô.ÛÆÙ.Í ¾ ×�Õ>Ó�×.Ø�ÛäàÐÉÔ.ÛÆÙ ¼4å Õ¨ÑÃÙ.ÐÀÎ�ÛbÔ_×.Ø�ÛÆÙ.Û�×hÕ ¿ Û é
Ñ�ÕËäàÑ�Ý ¿ Í�×�Ñ�Õ>×+ÙhÞßÛÆâbÐdû�ÛÆÎ ¼ 	 Ø�Û�Þ�Õ ¾ Û/ÐÒÙ�Ø�Û ¾ Î%ÐÀÑÞ ¾ Ú>âãÛ ¿ ìÈÚ�âbÚ ¿�¾ Û�Ú¬×h×.Ú>â²Ø�ÛÆÎLÚ¬× » Ú>ÑÃÎ<û�
:ÛÆÎ(Ú¬× ô ¼

15ft

20ft

B

A
Ô F

C
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30
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�����(������� D�E¯w&å

ê Õ ¾ Í�×.ÐÉÕ¨Ñ�ë 	 Ø�ÛxÓ¢Ô.ÛbÛ ¿ Õ:ÎÃì_Î�ÐÀÚ¬Ï>Ô²Ú>ÖñÐÀÙ1Ð ¾À¾ ÍÃÙ.×hÔ²Ú¬×hÛÆÎ�ÐÀÑ�û�Ï¨Í�Ô.Û ê�µ ¼ º�½ ¼ 	 Ø�ÛxÛ��:ÍÃÚ¬×.ÐÉÕ¨ÑÃÙÕ>Ó^Û��:ÍÃÐ ¾ Ð ¿ Ô²ÐÀÍÃÖ ¿ ÛÆâãÕ¨Ö Û>ë \ î * ï ô * ð Ê Ù.ÐÀÑ Å¬· Þ ï ·\ î � ï ô©� ð Ê âãÕ¨Ù Å¬· Þxð î ï ·\ õ � ï õ W ð õ ó ¶ µ ô *+ï ·' ÐÉ×.Ø õ Ú>Ñ�Î î é
Ñ�ÕÂäàÑ�Ý�×.Ø�ÐÀÙLÐÀÙNÚ�Ùhì
Ùh×hÛÆÖ]Õ>Ó ¹ Û��:ÍÃÚ¬×.ÐÉÕ¨Ñ�Ù	ÐÒÑ º ÍÃÑ�é>ÕÂäàÑÃÙbëõ W ò ô * ò ô � Ú>ÑÃÎ Ê Ý~ÙhÕ#×.ØÃÐÀÙ4Ùhì:Ù.×hÛÆÖ ÐÀÙÈÙh×.Ú¬×.ÐÀâbÚ ¾Ò¾ ì4ÐÀÑ�Î�Ûb×hÛbÔ²Ö�ÐÀÑÃÛÆÎ ¼ 	 Ø�Û(û�
:ÛÆÎâãÕ¨ÑÃÑ�ÛÆâã×.ÐÉÕ¨Ñ Ú¬× ô âãÕ¨ÑÃÙh×hÔ²Ú>ÐÀÑ�Ù	Ö�Õ>×.ÐÉÕ¨ÑñÐÀÑñÚ>Ñ�ìqÎÃÐÉÔ.ÛÆâã×.ÐÉÕ¨Ñ�Ý+Ú>ÑÃÎñ×.Ø�Û}Ùhì
Ùh×hÛÆÖ ÐÀÙÞÃÔ.Õ>ÞßÛbÔ ¾ ì�âãÕ¨Ñ�Ùh×hÔ²Ú>ÐÀÑ�ÛÆÎ ¼





3
n

0
oÕ

Bx

B y4
15 ft

M B

F

mÖ
T
5
A
Ë 2

Ñ
0 ft

�������U�|� � D�E¯w&å

w�F�À



DAE¥DLÀ�`pê(�á£&DXÀpÀ�jkb?a\Miz!ILRiT.�"TONcb?N?Tkm�_LQSV�N?ZSbcQhNcM�z�`LROWXQSPÊIpKÊ`õF�ÀLÞ�NcK�ZYbcN?K�Q�é
MO��Z[V5`LM
TOV�QÂROIp�"opV Mi��Ri]%`XZSQÙIL]�¸�op��ROQõDAE¯Ý&ê~E ;ÁNGTdVÁTdV�QÂz{`LRiW�NcK�oÊa�RO`LWLQÙMOQ~T}�2IpK�bGm
TOV�Q�ROQS`LR�tuV�QYQSb?M,z"ROQSMiQSK&Tq`f]
RON?ZYTdN?IpK{`Lb0]
IpRiZSQ���z�TOV�Q�z�b�`XK�QLE\a�ê�;ÁN?TOV�TdV�Q
P"RON?_LQSR0z���MiV�NcK"o�IpKgTdV"Q�a�RO`LWLQ|zlQSP{`Lb�alILTdVgTdV"Qu]
RiIpK&Tya�Rd`LWXQU`XK�PhRiQ}`LR²tuV�QYQSbcM
z"ROI�P���ZSQ(`�]
RON?ZYTONcIpK*]
IpRiZSQ���z�TdV�Q�z�bc`LK�QXE

10o

200

40
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�����(������� D�E©DLÀ
� Ipbc�"TONcIpK8�â`&ê0s6V�Q2]
ROQSQUa!I�P"m,]
IpRrZ}`XMOQ�`"��tuN?TdV�ILK�b?m,TdV�QUz{`LROW�N?K�o.a�Rd`XWLQ2MOQ~T}�
N?M6opN?_LQSK�NcK�¸{oL��ROQ � DAE¥DLÀp`AE²s6V�Q�QYä��{`XTdN?IpK�M6IL]�QSä���N?bcNca"RONc�"^Í`XROQL�\ Ú2* � �+* 
 £&DXÀpÀ²MONcKUF�À Þ � À\ Ú � � Ë � 
 £pDLÀpÀ²ZSIpM8F�À Þ ��� � � À\ ÿXWl� é £pDLÀpÀ²ZSIpM8F�À Þ êYé�F�ÉpÀrN?K{ê 
 é
Ë � êSé ¤XÀpÀrNcK�ê|�gé £&DLÀLÀ&ê"MON?KUF�À Þ é�F�¤JN?K�ê � À
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Wsin10o

Bx
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Wcos10o
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�������U�|� � D�E©DLÀL`
s6V"NcMrN?Mr`�Mim�M�TdQS^ØIL]�£�QSä��{`XTONcIpK�MJNcKhTOV�Q�£���K�W�K�I�tuK�ROQS`LZYTONcIpK�MJË+* � � � `LK"P��*&E6s6V���MUTdV"NcM|Mim�MiTOQS^ÌNcM|MiT[`�TdNcZS`LbcbGmhP"QYTdQYRO^,NcK{`XK�T Eus6V�Q�]
ILROZSQYM�`LRiQ�K�IXT�`Lb?b
z�`LRd`Lb?bcQYb�IpR2ZYIpK�ZS�"ROROQYK&T}E(;ÁN?TdVÏTOV�QgIpK�b?mÏ`Lz�z�b?NcQSP�]
ILROZSQné
opRd`}_�N?Tkm"ê�z���MiV�NcK�o
`Xo&`LNcK"MiTrTOV�Q�Rd`L^,z=�"TOV�Q�Mim�MiTOQS^µNcM6z�RiIpzlQSRObGm*ZYIpK�MiTORd`LN?K�QSP E
a{êus6V�Q(]
ROQYQ�alIAP"m�alI�P"m�P�N�`XopRd`L^Í]
IpR|TOV�Q�ZS`LMOQ(TdV{`�TUalILTdV�tuV�QSQYbcM�z�ROI�_�NcP�Q
a"Rd`LW�NcK"oÙN?MgNcbcb?��MiTORd`XTOQSP N?K5¸{oL��ROQ � DAE¥DLÀLa=E5s6V�Q�QSä��{`XTONcIpK"MqIL]�^,ILTdN?IpK5`LROQ
K"I�t \ Ún* � Ë+*©����* 
 £pDLÀpÀ²MON?K�F�À Þ � À

w�FpF



x

yØ
A
Ù

x

A
Ù

y

40

Wsin10o

Bx

By

Wcos10o

200
Ú

12

�����(����� � DAE¥DLÀLa

\ Ú � � Ë � �5� � 
 £&DXÀpÀ²ZSIpM=F}À Þ � À\ ÿXWl� é £pDLÀpÀLZYIpM¶F�À Þ êYé�F�ÉLÀrNcK{ê 
 é
Ë � êSé ¤XÀpÀrNcK�ê|�gé £&DLÀLÀ0MiNcK�F�À Þ êYé�F � ¤rNcK{ê � À
s6V"NcM�N?M ` Mim�MiTOQS^ N?Kæ£ QSä��{`XTONcIpK"M NcKæw¦��K�WXI�tuK�MUeÙË+* � Ë � � ��* � � �`XK�P NcMõTOV��"M5M�T[`XTONcZS`LbcbGmqN?K�P�Q~TdQSRi^qN?K{`LK&T E �Uop`LNcK=�hV�I�tJQ~_pQSRY��TOV�QÁMim�MiTOQS^
RiQS^q`LNcK"M�z�ROIpzlQSRib?mhZSIpK�M�TdRO`LNcK�QYP alQSZS`L��MiQ\TdV"QÂ]
ILROZSQYMf`XROQÂK�QSNGTdV�QYR�z{`LRd`XbcbcQYb
K"IpR6ZSIpK"ZSIp��RiROQYK�TSE

w�F�¤



DAE¥DAFõ�½MOZ[V"QS^q`XTdN?Z�IL]¶`�V���^q`LK*`LRi^ NcMyMOWLQ~TdZ[V�QYP�NcKgTdV�Q|¸{op��RiQLE � QYROQ|TdV�Q�^���MOZYbcQ
N?Mq^,I�P�QSb?QSP�`LM*`ÙZ}`La�b?Qf`�TOT[`XZ[V�QSP¼`XK�P�zlIpNcK&Th�h�u£\ZY^7]
ROIp^7zlIpNcK&T,Ë��u`
b?I&`LP,Úg�A��K"MOzlQSZSNG¸{QSPha��"TyTdROQS`XTdQYP*`LMvW�K�I�tuK=�"N?Mv`Xz�z�bcN?QSPh¤pD2ZS^æ]
ROIp^3Ë `LK"P
TOV�Q�tvQSN?opV&T�N?M�N?opK�IpRiQSP=E|`&ê6^qI�P�QYb�TOV�Q�ZYIpK�K�QYZYTONcIpKÏ`�T�Ë�`LM�`hz"NcK=��a�ê6tuN?TdV
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 ?>�þfâÉ0Å ÿ� 1÷Eþ_Ö*ü��U÷0�)�t÷%üëõUü�öWø�÷%þ��	 ogÉ��0E=?:Ì��åÌ�ç0ç�f8�><JE G I 1
 oÏ�þE�Ì_� � MfÌ�ù0E�M Q �P<FE G É01ÿ� o2? � E�Ì_���%M QS� M7�þE	TEù0f8�@M7Ì�Å��áÉ/<ZE G �	1Î�÷0"7.gÖ*ü�&#ö Ô õ¾ò�õ,ò�Ö�6!õUú�û Õ ö�Ö*÷%üfò.Öóü0ò�Ö�6!ûëü���üë÷���üëò���Öóõ�"7

���$< ù0T�� çEùâÉ�! �¬����<FT I ç�� ç"! �

� � <Á? I E0E"! �K�J< I �0��� Å I0I ! � Q ��<Á? Ì�T��"!>¹_� �Õ ü�
 Q¼� <Ð?±T����åÌ�Ì !>¹_�

I É I



É�Ë Å�ÉUYÁ"\Ö³ø�öÜÖ*ü�&x��õ�� ÔmÕ üÏÖ*ò�� � Õ üÉ+7õ\�¹÷d
ëõ�"óõ�
 Õ ò Õ �ÏÖóü Õ ü�
X� Õ +�"óõ Õ þ�þ Õ ü�&%õ �¹õ¾ü�öÙË``÷��x�ëûgö�õ·ö Ô õ¶þ�õ Õ �¾ö�Ö*÷%üfò Õ öK� Õ ü�
!ö Ô õaö�õUüfò�Ö*÷Eü�Ö*ü!ö Ô õ$� Õ +�"*õ Õ òHò�û��IÖ*ü�&�ö Ô õò���òHö�õ �ÝÖ*ò_Öóü õ¾ú�ûÏÖ!"ÛÖ!+ëþÞÖ*û���Ë

500 lb

1.5 ft

1 ft

2 ft

Motorz

x

y
A

B

O

C

T

(–0.5,1.5,2) ft

âÄÃ¸Å ÆjÇjÈnmÊÉgËÃÅ�É
Î�÷0"*ûfö�Ö*÷%ü4o5``÷%üëòÞÖ!
ëõ¾þWö Ô õ9ø�þ�õ¾õD+7÷d
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ÏÖ Õ &%þ Õ �Æ�ØÖ³ö Ô�Õ �ÏÖ*ü Õ ö�E�Ë

y]
z

x 0
1

A Ay

Az

Ax

Mx

-0.781Ti + 0.626Tk

0.5
K2 Mz

-500kâÍÃ¸Å'Æ-Ç.È>ÎÏÉgËÃÅ�ÉâÄÖ*þ�æ¤öK� Õ "!�Uû�" Õ ö�õ¶ö Ô õD
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 Õ æ Õ + Õ "!" Õ ü�
ÝæH÷-���¼õ¾ö Õ ü�
�ö Ô õéæ�"\Ö7
ëõUþ�¾÷%üëüëõ �¾ö�Ö*÷%ü Õ ö��ëÖ\æW�¹÷d
ëõ�"óõ�
 Õ æe�ëþ�÷�.gÖ!
ÏÖóü�&ý÷%ü�"7� Õ æ�Öóü�&0"*õ�ø�÷%þ��¾õ!þ�õ Õ �¾ö�Ö*÷%üÕ "*÷%ü�&9ö Ô õ$| Õ 6�ÖÛæ3�¾÷0�)�ëûfö�õ�ö Ô õ>ö�õUüÏæÞÖ*÷%üÏæ%�*t Õ ü�
x�ãu Õ æi�=õ�"!" Õ æ�ö Ô õ>þ�õ Õ �¾ö�Ö*÷%üø�÷Eþ��Uõ³æ Õ öP� Õ ü�
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z

x

y

2500 N

0.5 m

AA

C

D

T1T1

T2

3 
m

4 
m

0.5 m

0.5 m

0.5 m

2 m
¼

F

G

1.5 m

0.5 m
0.5 m

Motors/

controls
Motors/

controls

EE

BB
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hl�'< G �àÉ=?>�àÉ01 ÿ 	 M G�ó ?OE	1 ÿ
 M G E$?>�áÉ�1 ÿ�

xº
y]

zp 2

Ax

Ay

Az
T1f

0.5
K

0.5
K

0.5
K0.5

-2500j

T2g

FzâÍÃ¸Å'Æ-Ç.È>ÎÏÉgËÃÅ��Õ ï�
 Ç|ô < G Ì��àÉ$?:Ì��àÉ01 ÿ 	 M G I ?LE01 ÿ
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Îgì0"\í�î�Ö\ì�ï4o Ó_ÔÏðäñ þ ðçð +�ìd
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ÏÖ Õ &Eþ Õ � Ö\æ�æÞÖ!�IÖ!" Õ þ"î�ì¥î ÔmÕ î�ì ñ î ÔÏð �ëþ ð .gÖ\ì�íÏæ�fþ�ì0+�" ð � ð 6-� ð ��î_î ÔÏð �ãu.ï�ì�� ÔmÕ æ Õ ï#{��çì��x��ì�ï ð ïòîçË Ó_ÔÏð "\ÖÛï ð hl� Õ ï�
|î ÔÏðí�ïÏÖÛîK. ð �³î�ì%þ ÿõ Õ ï�
�î ÔÏð�ñ ì%þ��üì ñ �*t Õ þ ð'Õ æ�&�Ö7. ð ï�ÖÛï�î ÔÏð æ�ì�"\í�î�Ö\ì�ï|î�ìhÉgËÃÅ���Ë

xº
y]

zp 2

Ax

Ay

Az
T1

0.5
K

0.5
K

0.5
K0.5

-2500k

T2

Ez

B C D
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z

x

y

A B

(0,–0.4,0.5) m (0,0.4,0.4) m

(0.8,0,0) m

0.5 m

c.g.

(0.5,0,–0.25) m

(0.4,0,0) m

WâÄÃ¸Å ÆjÇjÈnmÊÉgËÃÅ�f
Îgì0"\í�î�Ö\ì�ï4oS!jì�î ð î ÔÏð þ ðTÕ þ ð �7í�ï��òïÏì��ØïÏæ Õ ï�
 � ðçù í Õ î�Ö\ì�ï�æçË âÄÖ*þ�æ¸îäî ÔÏðî ð ïÏæÞÖ\ì�ï�æj�et Õ ï�
��Wu.ï ðçð 
�îÜìy+ ð ��þ�ÖÛîÞî ð ï Õ æP. ð �RîÜì%þÞæ

� t5< G ?��þf	1 ÿ 	 ?:� I ÿ
 Mf�áÉ ÿ� tæÞì�î ÔmÕ î �yt5<J�;t G � t 
�� � tÙ� 15<J�;t G ?�E�� Å�f�Ì ÿ 	 ?LE�� ó ç ÿ
 MnE�� I f0f ÿ� 1
� u3< G ?�� I ÿ 	 Mf� I ÿ
 Mf� I ÿ� 1æÞì�î ÔmÕ î �Wu(<J�ãu G � ux
�� � � � 15<J�ãu G �àÉ0Å0Å�1 G ? ÿ 	 M ÿ
 M ÿ� 1x�â�þÞì0� î ÔÏðJñ þ ðçð +�ìd
��W
ÏÖ Õ &Eþ Õ � Ö7"!"\í�æÞî�þ Õ î ð 
°�1î ÔÏðJñ ìEþ�� ðJðçù íÏÖ!"ÛÖ!+ëþÞÖ\í�� ðçù í Õ î�Ö\ì�ïÏæÕ þ ð

� �*�$<ZEyo0���,Mnh���?OE��ÃÅ�f�Ì��*tr?LE��àÉ0Å0Å��4u3<FE G Ì�1� �*��<FEeo	���K?OE�� ó ç8�;t°M7�àÉ0Å0Å¥�ãujM?É�E/<ZE G T01� � � <JEeo	� � M7� I f0f8�;t°Mý�áÉ�Å0Å¥�ãu(<9Ì�Å�É Gúó 1G �çì�ïâîÜÖÛïòí ð 
H1
I �	T



Ó_Ô�ð �Iì0� ð ïâî ðçù íÏÖ7"\Ö7+ëþ�ÖÛí�� ðçù í Õ î�Ö\ì�ï�+ ð �çì0� ð æ: i ÏÉ<FEìEþ
G � I ÿ 	 1_�¢�WuªM G � f ÿ 	 �¢�et�1äM G ? �àÉ ÿ� 1£� G ��� ÿ 	 ML��� ÿ
 MU� � ÿ� 1äM G �àÉ ÿ 	 ?>�ÃT�É ÿ� 1� G ?�Ì%É�E ÿ� 1äM G ÿ 	 ?>�àÉ ÿ� 1£� G É�E ÿ
 ?UT�É ÿ� 15<FEìEþ_Ö\ï��çì0�)��ì�ï ð ïâî ñ ì%þ��

ÿ 	 o�E��àÉ8����<Ð?$T�É G I 1ÿ
 o�? �áÉ¥����?OE�� ó ç0E I �;tr?LE�� T ó E0f8�ãu3<Á? Ì�E0E G É01ÿ� om� T ó I E¥�4ui?>� ó Ì�T¥�;ti<'?�É8E G �	1
Ó_Ô�ð æ ð � ðçù í Õ î�Ö\ì�ï�æ ÔÏÕ . ð î ÔÏð æ�ì0"Ûí�îÜÖÛì�ï°o

���±<Á? Ì1É�E ¶ �P����<'?�É�EI! �P� � <Ð? Ì�E0�"! �
h��=<ýÉ0T��"! �K�;t%< ó T�Ì ! �K�4u,<FT�Ì�Å"!

x

zp y]

Ax

Bx

Az

Ay

T1
0.25m
K
-150kN

T2

W = 50j - 25k

A
cg

0.5m

(0.8, 0, 0)
�

(0, 0.4, 0.4)
�

(0, -0.4, 0.5)
�

(0.4, 0, 0)
�
0.5m

âÍÃ¸Å'Æ-Ç.È>ÎÏÉgËÃÅ�f

I � ó



É�Ë Å�çnYÂ�ÏÖ!�ÏÖÛï�&Tæ��gæÞî ð � Ö\æ ÔÏð "7
éÖ\ï¶��" Õ � ð +	� Õ + Õ "7" Õ ï�
 æ�ìd��� ð î Õ îX��ì�Ö\ïâîÉ�Õ ï�
 Õ "\ìgì�æ ð ��î�îÜÖÛï�&$þ�ÖÛï�& Õ î�h G æ�í�����ì%þ¸îÜÖ\ï�&¥ï ð &0"ÛÖ!&�Ö7+�" ð �Iì0� ð ïâîÜæ�1 Õ æ�ÖÛî�fþ�ì�î�þ�í�
 ð æ ñ þÞì0� î Ô�ð � Õ "!"úË Ó_ÔÏð þ�ìd
 G þ�Ö!&�Ö!
L"\ÖÛï��-1\�çì�ïÏï ð �³î�Ö\ì�ï?Ö\æIíÏæ ð 
TîÜì�fþ ð . ð ïâîW��ì�. ð � ð ïâî�ì ñ î ÔÏð �ÏÖ!� ð Ë Ó_ÔÏð k íÏÖ!
 þÞíÏæ Ô ÖÛï�&�î Ô þÞì�í�& Ô î Ô�ð �ÏÖ!� ð Ö\æ�Iìd
 ð " ð 
 Õ æ Õ�ñ ì%þ�� ð Õ �³î�Ö\ï�& Õ îP��ì�Ö\ïâî�ý ì ñµV<éÉ�E ÿ 	 MVT�E ÿ� !Õ ï�
 Õ �Iì0� ð ïâî_ì ñ i �5<SÌ�E0E ÿ 	 MVT�E0E ÿ� !����` Õ "!�çí�" Õ î ð î ÔÏð þ ðÙÕ �RîÜÖ\ì�ï ñ ìEþ�� ð æ Õ î�� Õ ï�
Ah#� Õ æ,� ð "!" Õ æØî ÔÏð�ñ ì%þ�� ð ��Ë

	 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 		 	 	 	 	 	


 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 


� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �

� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �


 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 


� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �

� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �

� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �

� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �

� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �

z
x

y

A

B
C

T

0.5 m

2.
0 

m F

0.2 m

(–0.5,2,–0.1) m

âÄÃ¸Å ÆjÇjÈnmÊÉgËÃÅ�ç
Îgì0"\í�î�Ö\ì�ï4o âÍÖóþ�æÞîK��þÞÖÛî ð � Õ æ Õ . ð �³î�ì%þ/ � < G �áÉ ÿ 	 ?UT ÿ
 MnE�� T ÿ� 1æÞì�î ÔmÕ î �Ð<J� G / � 
�� / � � 1%<�� G E�� T I Ì ÿ 	 ?LE��þç0�0� ÿ
 MUE�� E�ç	Å ÿ� 1x�Ó_Ô�ð ï�î ÔÏð�ñ þ ð³ð +�ìd
��

ÏÖ Õ &%þ Õ ��þ ð . ðÙÕ "Ûæ.î ÔÏð�ñ ì0"!"Ûì��ØÖÛï�& ñ ìEþ�� ð'ð³ù í�Ö!"\Ö7+ëþ�ÖÛí��G �çì�ïâîÜÖÛïòí ð 
H1

I � I






xº

y]

z

2m
^

A

C

0.2m

F 

0.5
K Ax

Az

Ay

Bz

By

(-0.5, 2, -0.1)

T

âÍÃ¸Å'Æ-Ç.È>ÎÏÉgËÃÅ�ç
� �*�$<ZEyo0���,MnE�� T I Ì ��<Á?-É�E G Ì�1� �*��<FEeo	���%Mnh��(?LE��þç0�0�8�N<FE G T01� � � <JEeo	� � Mnh � MnE��þE0ç	Å��><Á?±T�E Gúó 1
ÓÄÕ �òÖ\ï�&"î ÔÏð ��ì�� ð ïòî Õ +�ì�í�î��³��Ö ð "7
Ïæ�oÌ�E0E ÿ 	 MVT8E0E ÿ� M G ?±E��àÉ ÿ 	 MVT ÿ
 ?LE��åÌ ÿ� 1£� G h�� ÿ
 MUh � ÿ� 1äMnT ÿ
 � G É�E ÿ 	 MVT�E ÿ� 1

M G T ÿ
 ?@E��ÃT ÿ� 1£�g� G E�� T I Ì ÿ 	 ?LE��þç0�0� ÿ
 MUE��þE0ç	Å ÿ� 15<ZE���±< ó É�E"! ������<Ð? ó I E�EI! �� � < ó E0E"! �2h���<9Ì�f0E�EI! �h � <Á? Ì��0E"! �P�><Ð? Ì��âÉ0Å�!

I �âÉ



É�Ëþf0EnY>��ì�� ð þ("\ÖÛï ð ��ì0" ð Ö\æ ÔÏð "!
�Ö\ï)��" Õ � ð +�� Õ + Õ "7" Õ ï�
hæÞì-��� ð î(�çì�ïÏï ð �³î�Ö\ì�ï Õ î%�\�îc�Êì#� Õ +�" ð æ Õ î�ý Õ ï�
Xh Õ ï�
 Õ þ�ìd
 Õ î$Ç�Ë£Ãc&�ïÏì%þÞÖ\ï�&�î ÔÏð � Õ æÞæjì ñ î ÔÏð ��ì�" ð�³ì0�)�Ïí�î ð î ÔÏð þ ðçÕ �³î�Ö\ì�ï ñ ì%þ�� ð æ Õ î��W�2Çg�Hý Õ ï�
gh ñ ì%þ£î Ô�ð "Ûì Õ 
�ÖÛï�
ÏÖ!� Õ î ð 
^Ë

y

z

x

� �
�

� �
� � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � �

� � �

� � �

� � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � �

� � �

A

D

� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �

� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �

��
��
��
��
��
��
��
��
��
��
��
��
��
��
�

��
��
��
��
��
��
��
��
��
��
��
��
��
��
�

��
��
��
��
��
��
��
��
��
��
��
��
��
��
�

��
��
��
��
��
��
��
��
��
��
��
��
��
��
�

� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �

� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �

� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �

� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �� �
� �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �

R

(3,0,0) m

(0,1,10) m
(0,–1,10) m

B

C

(3,3,0) m

(–2,2,0) m

T1

T2

F = –30i kN
^

(0,0,7) m

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �

� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �
� � �� � �

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �

âÄÃ¸Å ÆjÇjÈnmÊÉgË f0E
Îgì0"\í�î�Ö\ì�ï4o âÍÖóþ�æÞî ð æÞî Õ +�"\ÖÛæ Ô íÏïÏÖåîK. ð �³îÜìEþ�æ Õ "\ì�ï�&�î ÔÏð "\ÖÛï ð æ,�;tb���ãu Õ ï�
��lo

 < Gúó ÿ 	 M ÿ
 ?:Ì�E ÿ� 1Õ ï�
 ÿ� < �� � � <ZE�� T�f0� ÿ 	 MnE�� E0ç�É ÿ
 ?LE��þçâÉ ó ÿãÕ ï�
 �eti<��*t ÿ� �´�Ö7� ð �ØÖÛæ ð �/u,<J�ãu G E��ÃT8f	T ÿ 	 MUE��åÌ�f0f ÿ
 ?LE��þç I Ì ÿ� 1R�Yjï�

!Õ<"� G E�� T��âÉ ÿ 	 ?LE�� T��âÉ ÿ
 MUE��þç	T0Å ÿ� 1x�Ó_Ô�ð�ñ þ ðçð +�ì-
-�N
ÏÖ Õ &%þ Õ � � Õ ïfî ÔÏð ïJ+ ð íÏæ ð 
fîÜìO��þ�Öåî ð î Ô�ðäðçù í Õ î�Ö\ì�ïÏæ�ì ñð³ù íÏÖ!"ÛÖ!+ëþÞÖ\í���Ë±âmì%þ ñ ìEþ�� ð æ G �çì�ïâîÜÖÛïòí ð 
H1

I �0�



y]

zp

x (3, 3, 0)m
�

C

F = -30i kN 

Ay

Ax

Az

R 

(3, 0, 0)m
�

(-2, 2, 0)m

T2T1

B (0, 1, 10)m
�

(0, -1, 10)m
�

D
(0, 0, 7)m
�

âÍÃ¸Å'Æ-Ç.È>ÎÏÉgË f0E
� �*�$<ZEyo0���,MnE�� T�f0�¥�*t4MUE��ÃT8f	T¥�ãuªMUE�� T��âÉ#�Z< ó E G Ì�1� �*��<FEeo	���%MnE��þE0çâÉ��*t°MnE��ÛÌ�f�f8�4u5?LE��ÃT���É#�F<ZE G T01� � � <JEeo	� � ?LE�� ç�É ó �;tª?LE�� ç I Ì��4u*MUE��þç	T0Å#�Z<FE Gúó 1
Ó_Ô�ð �Iì0� ð ïâî ðçù í Õ îÜÖ\ì�ï Õ +�ì�í�îP�9ÖÛæ

G�ó ÿ 	 �¢�et�1äM G�ó 	 M ó ÿ
 1£�ä�WurM G ?±T ÿ 	 MVT ÿ
 1£��!ÁM G Ì�E ÿ� 1£� G ? ó E ÿ 	 15<ZE
ìEþ_Ö\ï��çì0�)��ì0� ð ïâî ñ ì%þ��	 o2?$Tg� f	T ó �4uªM7Ì�� fâÉ I �F<JE G I 1ÿ
 o�T��þfâÉ�ç¥�*t°MVTg� f	T ó �4urMfÌ�� f�É I �>? ó E0E/<FE G É01ÿ� om� T�fâÉ¥�;tr?>�ÃT8f	T¥�ãu,<JE G �	1

���$<Ð?����þ��Ì��%$g! �P����< I �áÉ8ç I $�! �¬� � <9Ì�Åg� f0� ó $g! ��*t5< ó Å�� I Ì&$g! ���ãu(< ó Å��þf0E0f'$g! �(�³<lÉ0Å��àÉ��0f#$g!

I �	Å


