
!"#$

%&'($'($)$*+)(('*$,-'.'/$01/23$4-10+56"$$%&5-5$7'++$
8(8)++2$05$9&-55$8:;:17:$<1-*5($)*=:.$':$(8*&$
4-10+56("$$>5*)8(5$9&5$7)++$'($)((865/$91$05$
<-'*=1:+5((?$9&5-5$'($:1$@5-=*)+$<1-*5$*1641:5:9$
)*=:.$)9$9&5$7)++?$A8(9$)$&1-'B1:9)+$,:1-6)+3$
*1641:5:9"$$C9$9&5$D11-?$9&5-5$'($)$:1-6)+$<1-*5$
/85$91$9&5$D11-$847)-/$):/$)$<-'*=1:)+$<1-*5$':$9&5$

E-10+56$!F"!G$
L

d
.82$

!

&1-'B1:9)+$H1//+2?$):/$218-$95)*&5-$6)2$1-$6)2$:19$5I4+)':$7&2$9&'($'($9&5$*)(5?$
089$9&1(5$<1-*5($)-5$8(8)++2$'/5:=J5/$)($,K3$<1-$9&5$&1-'B1:9)+$<-'*=1:)+$<1-*5$
):/$,L3$<1-$9&5$@5-=*)+$:1-6)+$<1-*5M;':/+2$:1=*5/$9&)9$9&)9$7)($7&)9$9&52$
)-5$-5<5--5/$91$)($':$9&5$4-10+56#"$$N:$):2$*)(5?$91$(1+@5$<1-$9&5$9&-55$8:;:17:($
75$:55/$9&-55$5O8)=1:($7&'*&$75$*):$.59$<-16$(866':.$<1-*5($':$971$
/'-5*=1:($):/$(866':.$91-O85($)0189$):2$41':9$75P/$+';5"$$C++$9&5$(86($7'++$
5O8)+$B5-1$)($9&5-5$'($:1$!""#$#%!&'()1-$!(*+$!%)!""#$#%!&'()':$9&5$(2(956"$

Q'9&$9&)9$4-5)60+5?$75$4-1*55/"$

F"#$

)"#$Q&)9$)-5$9&5$<1-*5($)*=:.$)9$9&5$D11-R$

mLg

L

d
.82$

!

S195T$$N$-5)/$9&'($)($&)@':.$9&5$J-56):$U$6595-($84$
<-16$9&5$D11-"$$%&5$<"0"/$':$9&5$95I9P($V1+8=1:$
W):8)+$489$&'6$U$6595-($05+17$9&5$914?$089$9&52$
/'/$9&5$4-10+56$)($9&18.&$&5$7)($U$6595-($<-16$
9&5$01X16"$$N$9&':;$62$7)2$4-10)0+2$05X5-$
-5D5*9($7&)9$218$9-'5/$91$/1?$)((86':.$218$-5)/$
9&5$4-10+56$):/$71-;5/$<-16$9&5-5"$$N:$):2$*)(5?$
75$:55/$91$'/5:=<2$7&)9$9&5$<1-*5($+11;$+';5$':$9&5$
(2(956?$(1$75$7'++$(9)-9$7'9&$)$<"0"/"$$C((86':.$9&5$
+)//5-P($75'.&9$)*9($)9$'9($"#(,#%)'-).!//T$

mmg
H

V

N

G"#$

Q5$)-5$.1':.$91$(9)-9$02$8(':.$9&5$9-):(+)=1:)+$@5-('1:$1<$S"V"Y"?$
:1=:.$9&)9$9&5$!""#$#%!&'()':$9&5$(2(956$'($B5-1$):/$)++$1<$9&5$
@)-')0+5($)-5$4-5(5:95/$)($6).:'98/5($H('.:($8:5605//5/#"$

mLg

mmgH

V

N

Fx :!
          H " N = ma x

     #      H = N

Fy :!
          V " mLg " mmg = ma y

     #     V = mLg + mmg
                  = 500. Nt( ) + 800. Nt( )
                  = 1.30x103  Nt( )

Z$

Z$

%71$5O8)=1:(?$9&-55$8:;:17:("$$Q5$7'++$.59$9&5$+)(9$5O8)=1:$02$(866':.$9&5$
91-O85($)0189$7&)95@5-$)I'($75$*&11(5?$):/$48[:.$9&)9$5O8)+$91$B5-1$H)($9&5$
!(*+$!%)!""#$#%!&'()'($B5-1$':$9&'($*)(5#"$

218$911;$9&5$91-O85$)0189$9&5$*1:9)*9$41':9$7'9&$9&5$D11-?$0)):/$1)718+/$
4-1/8*5$:1$91-O85$)($9&52P/$4)(($9&-18.&$9&5$41':9$)0189$7&'*&$218$75-5$9);':.$
9&5$91-O85?$218P/$1:+2$&)@5$91$.5:5-)95$9&-55$91-O85$5I4-5(('1:(?$):/$218P/$1:+2$
&)@5$'(#)+(2('3()':$9&5$-5(8+=:.$5O8)=1:"$$%KNV$NV$%K\$QC]$Q\$QNYY$^_`$

U"#$

%&5-5$'($)$(809+592$N$4-10)0+2$(&18+/$41':9$189$)9$
9&'($=65"$$Y59P($()2$218$/5*'/5/$91$(86$9&5$91-O85($
)0189$9&5$+)//5-P($"#(,#%)'-).!//"$$%&5$+)//5-P($
75'.&9$718+/$4-1/8*5$:1$91-O85$)0189$9&)9$41':9$
(1$218P/$&)@5$91$.5:5-)95$)$91-O85$*)+*8+)=1:$<1-$
9&5$<1-*5$4-1/8*5/$02$,4#).!(?$02$0?$02$1)):/$02$
5"$$N:$19&5-$71-/(?$218P/$5:/$84$7'9&$):$5O8)=1:$
9&)9$&)/$<18-$4'5*5($91$'9$7'9&$9&-55$1<$9&1(5$4'5*5($
05':.$8:;:17:($"$$>5':.$*+5@5-?$9&18.&?$718+/$
&)@5$6)/5$+'<5$)$+19$5)('5-$<1-$218"$$V45*'J*)++2?$'<$

mLg

mmgH

V

N

C($)$-5@'57?$NP++$+)2$189$9&5$4-1*5(($<1-$9);':.$91-O85($)($75$.1"$$NP++$(9)-9$02$
+11;':.$)9$9&5$<1-*5$):/$)((1*')95/$91-O85$/85$91$S"$



a"#$

Y11;$)9$9&5$+)//5-$7'9&$A8(9$S$05':.$)44+'5/$H<1-$
5)(5$1<$@'57':.#T$$S1=*5$&17$$$$$'($'/5:=J5/$':$9&5$
(;59*&?$):/$&17$$$$$$H9&5$(&1-95(9$/'(9):*5$059755:$
9&5$$6(#)'-)5)):/$9&5$41':9$)0189$7&'*&$9&5$91-O85$
'($05':.$9);5:#$'($'/5:=J5/"$$S195$)+(1$&17$9&5$
):.+5$'($'/5:=J5/?$):/$9&)9$$$$$$$$$$$$$$$$$$$$$$"$$$

b1':.$('6'+)-+2$<1-$9&5$91-O85$.-)@'92$5I5-9($1:$9&5$
+)//5-$H(55$(5*1:/$(;59*&#$):/$75$J:/$9&)9$'9($$$$$$'($
5O8)+$91$$$$$$$$$$$$$$$$$"$$HC:$5I4-5(('1:$<1-$9&5$6):$7'++$
+11;$A8(9$+';5$9&'(?$089$9&5$<-)*=1:$7'++$05$/'c5-5:9"#$

d554':.$9-)*;$1<$('.:($):/$48[:.$9&'($)++$91.59&5-?$
75$*):$5I5*895$9&5$91-O85$*)+*8+)=1:($<1-$)++$9&5$
<1-*5($9&)9$4-1/8*5$91-O85($)0189$9&5$*1:9)*9$
41':9$7'9&$9&5$D11-?$):/$':$/1':.$(1$.5:5-)95$18-$
9&'-/$5O8)=1:"$

N

!

 
!r = L

 
!r

r! r!

r! = Lsin"

!

r!

!
 

!r = L
2

mLg

r!

L
2cos!

e"#$

! floor :"
          # mLg L

2
cos$%

&
'
( # mmg dm cos$( ) + N Lsin$( ) = Ifloor)

     *     N =
mLg L

2
cos$%

&
'
( + mmg dm cos$( )
Lsin$

                  =
500. Nt( ) 15.0 m( )

2
cos60o%

&+
'
(,
+ 800. Nt( ) 4.00 m( )cos60o( )

15.0 m( )sin60o

                  = 268 Nt

Z$

V45*'J*)++2T$

Q5$;:17$9&)9$9&5$6).:'98/5$1<$9&5$&1-'B1:9)+$D11-$<1-*5$):/$9&5$:1-6)+$7)++$
<1-*5$)-5$9&5$()65?$(1$':$(866)-2$75$*):$7-'95T$

V = 1.30x103  Nt( )    and   H = 268 Nt( )

%&'($'($7&)9$9&5$011;P($V1+8=1:$W):8)+$O8195(?$(1$N$4-5(865$75$)-5$.11/`$

Q5$;:17$9&)9$

f"#$

0"#$$Q&)9$'($9&5$*15g*'5:9$1<$<-'*=1:$'<$9&5$+)//5-$0-5);($
<-55$7&5:$9&5$J-56):$'($h$6595-($84$9&5$+)//5-R$

mLg

mmg

H

V

N

!

 
!r = 6 m

r! = 6.00 m( )cos"

mmg

µs =
f
V
,

7&5-5$$-)7)0)7)5)H75$/5-'@5/$9&5$(5*1:/$4)-9$1<$
9&'($8(':.$S"V"Y"$':$9&5$J-(9$4)-9$1<$9&5$4-10+56#"$
)))))%&5$95649)=1:$6'.&9$05$91$(86$9&5$91-O85($
)0189$9&5$7)++$*1:9)*9$HN$(9)-95/$9&)9$4-1*5(($02$
J.8-':.$189$$$$$<1-$9&5$6):#?$089$841:$-5D5*=1:?$
-5)++2?$)++$75$:55/$91$/1$'($-5/1$9&5$91-O85$
*)+*8+)=1:$75P@5$)+-5)/2$/1:5$089$7'9&$9&5$
6):$h"ZZ$6595-($84$9&5$+)//5-"$$Q&2R$$>5*)8(5$
-)7)0)7)5)H75$/5-'@5/$9&5$(5*1:/$4)-9$1<$9&'($
8(':.$S"V"Y"$':$9&5$J-(9$4)-9$1<$9&5$4-10+56#?$(1$
)++$75$-5)++2$:55/$'($5"$
$$$$$\I5*8=:.$)++$9&)9$'($(&17:$1:$9&5$:5I9$4).5"$$)

r!

i"#$

V111$"$"$"$$

Z$
! floor :"

          # mLg L
2

cos$%
&

'
( # mmg dm cos$( ) + N Lsin$( ) = Ifloor)

     *     N =
mLg L

2
cos$%

&
'
( + mmg dm cos$( )
Lsin$

                  =
500. Nt( ) 15.0 m( )

2
cos60o%

&+
'
(,
+ 800. Nt( ) 9.00 m( )cos60o( )

15.0 m( )sin60o

                  = 421 Nt

j164+5=:.$9&5$4-10+56T$

µs =
N
V

= 421 N( )
1.30x103  N( ) = .324


