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" " 13 " f" - "
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sin 8+Jlcos8



:~~~~ )"!.j ~l.> ~~ ~ I) cU~

~~1)~ ~)~r ~4. ~ ~~ ),b~ cU0-!.1 <.S1~ ~';1 ~r~(~I

~~I)~ ~)~r \'~ ~ ~4- ),b~ aS~1 <.SI~ ~';I ~r ~j5l.o (y

.~~~ \'~~ ~ Ff S~I c..S~~ ~ I~ .~)~ ~) 0:-!.4. ~ ~.l.o.J ~ ~l.> ~J )~ (~1 :cJ~ j>

.~~~ )'!.j u )~~ m r-r:- ~ ~).9 1511b~~ ~'jl rl.1~.~

m 2
.~I o~ ~~I ("·:l:.-Jl~ J~~ o~ ~ I ~ «: - ~ _v_ '~Q~•• ' ~.\'I~ I-I ~.t_•••~ . .9 ).9 r~ .~~ ) R ~':;.J •• ./. u- ~

N

mgsinf
,,,

)tugcos8
.",

'".".

lUg

2
nlV
R

mv 2

=> JlN-mg sin S+--cos 8=0
R

:=:} ~(gCOS9+;sin 9)-mg sin 8 + m;2 cos8=O :=:}

_ Ig R (sin S- Jl cos8)
=> V= vmin - '\/

~ usin S+cos 8

2

~ (Jlsin S+ cos 8) =g (sin e- Jlcos S)
R

.~~~ (r) ~.~ yl~ III

·~4~ 0-::-!.4.~ ~ Ff S~I c..S.9~ ~ ~)b ~) \'~ ~ ~W~ 0~ ~b ~.I)~ (~ :cJ~ j>

y2
=> -JlN-mgsin8+m-cos8=0

R

my2
=> N-mgcosS---sin8=0 =>

R

2

~(cosS-usin 8) =g (sin S+ ucos S)
R

_ _ /gR(sinS+JlcosS)
=> v- vmax -'\/

~ cos S-usin 8



( df ~L; ~.~~4- )~ F t.S!)~ ~~ o~ ~~l )l5" ) dW =F .df

J2 J2 -+

()lS JS) W= 1 dW= 1 F.dr

F=Fx i+Fy J+Fz k

r=xi+yi+zk ~ dr=dxi+dYJ+dzk

~ W=Jl2 (Fx dx +Fy dy +Fz dz )

z

(C)

x

t-------'·\IV~.I\r------... X Fx =- k X



y

Y1 ---- mg

~'2 ---- mg

m

Fy=-mg

(0j~ lS~.r--i;lS") Wg= f2 Fydy=r2(-mg)dy=!-mg( Y2- ydl
YI YI

(~j j5"r jl r .u.o19 )':;~ lSI.)! J-il}' lS~.r--i ) F=mgr =~
r .

(~j~ ~':;-;)':;~lSl.)!J-iI}'lS~.r--i)F=mgo=~ => kM=R 2go
R

.~~~ ~j?yA jI r o.L,lj)~ ~ ~j~ ~~y.;)~ ~~~ y~~; ~ gr ,go ':J~ ~l~))~

=> gr=~=R::o=lgo( ~ rl => p=mgrr=mgo(~)\

_ffZ - - Jfz mg oR
2

_ 2[ l]f Z
_ [[-m

g oR
2]·[

m
g oR2]]

W- F .dr =- dr--mgoR -- - - -
f l r l r 2 r r r2 rl

I

~4il)l5' u)~~l)~ ~~ V )~l ~l; ~ J.ol5' ~IA~ ~ u)~~ dW=F.dr ~L; ~.~~l.::-)~F <'s!j~)l5' }'l

~ l~l ..b~)~ V ~L; )~ ~..b.A3 ~ ~)~~~~~ F tS~~ ~l; ~ t6 tSlo)~ ~.r~ ~ F LS'~ ~,; o~

.~.L; 1:l:J l; 1 V l;.~ l~ e- .... IA":1is"~ ... ~ ) ~ ) l$'--:~tS~

dW=P.dr=-dV => w=f12p.dr=-f12 dV=-(v2-vd

.~~~~~ )"!.j~~. ~I'; J-il}' ~ 0j~ ,? <.sUb~~ )l5' ~ ~~ ~'.J ~l.AA 4



'0j, c.S,~..L.;.,jLa .~)~~~?~~ lJb01)l5'~~ ~.lJb,~:( Conservative) )~.4. ~ ~.~I c.S~'~ - &....iJ1

~I.! c.S'~ ,;.9 tS~~

c.S'~ :..L.;.,jLa ,~)~~~r ~ ~ lJb01)l5'~~ ~.lJb,~ :( Non conservative) )~4L; ~ ~~l~ 15~'~ - y

S~l

F=Fx i+Fy J+Fz k

r=x i + yJ+zk ~ d r=dx i +dy J+dzk ~

--+ --+ ev av av
dW=F.dr=Fx dx+F dy+Fz dz=-dV=--"dx--dy--dz

y ax ay az

~

i j k

--+ --+ --+ --+ - a a a --+

curIF=VxF=-VxVV=- - =0
ax ay az

av av av

ax ay az

·~4~ ,~ 01J.f ss ~l 01~4 )~.4. ,~ .s, -s0 1c.S1.)"! ~lS ,~j'J ..b~

.~ )~4. ~l; slJbo.AJ~ 4~,~:~

u~ ~ ( 2) ~~ ~ (1,1, 1) u~ ~ ( 1 ) ~}'O j1 Oy~ , o~ ~), c.Slo)'~ ~ F=2i+2J+k[ N] 15'~ :J~

.~~ l),~ ~l ~ .b~yo ~~. ~t; , F c.S,~)l5' ~cs" ;:.Sr{2, 2 , 2)

F =-~=2 =>
x ax

F = -av =2 =>
Y ay

F =_av =1 =>
Z az

av
-=-2 =>
ax

av=-2=~
ay ay

av =-1=~
az az

V=-2x+f( y,z)

~=-2 =>
ay

~=-1=~
az az

f=-2y+h( x)

=> h=-z+c

=> f=-2y-z+c => V=-2x-2y-z+c

W=-(V2 -Vl)=-[ (-2x2-2x2-1+c)-( -2xl-2xl-l+c )J=5[N.m]=5[1]

~)l> c.SlJb,~ ..6-.,,:; o~ r~l)l5' j) W =W C ()~4. c.SlJb,~ )lS) + W D.C. ()~4~ s,~ ..>\5 )

home
Sticky Note
گرادیان



f2F- d- f2 - d-w= 1 . r= 1 rna. r

r=xi+ yJ+zk ~ dr=dxi+dy J+dzk

v=xi+ yJ+zk

a=xi+yJ+zk ~ a.dr=xdx+ydy+zdz => w= fX 2 m x d x + f Y 2 myd y + f Z 2
m z d z

Xl YI ZI

{

Xd X= Xd X

ydy=ydy

zdz=zdz

(
. 2 . 2 . 2) 2 (.2.2.2)rn x 2 + Y2+ z 2 - m x 1 + Y1 + z 1

2

=> W =L\ T= We + W D.C. =-L\ V +w D.C. => W n.c. =L\ T+Ll V =L\( T+ V) =L\E

=> I W D.C. (}:;..·~4 ~ 15lJz,~~ )lS' ) =.6.E I
.~L; (E) <::ts:..a,~"··11 I:~ _~,~••• ·1~~
~ ~ 1,.;J).r.J~ ... .9 ~---.--. I..::').Y ~.--

\Sj.rJl ~~ u)~ ~.9 -L,j~~ ~lJ ~ts:..a \Sj}'.9 ~~~~~ \Sj}' u,~ ,~~~ )~.4.~ S~.9~ )l) .!'
.~b~'9-~~~

- _ d v d _ dG .;
F=ma=rn-=-(mv)=-=G

dt dt dt

~ .::.S~ o)...l..il (Linear momentum) = !a=m vi
- dG - - ft., - r - - - -
F=-=>Fdt=dG~ -Fdt= ~~~(LinearImpulse)=1 dG=G2-Gl=~G

dttl

F
B

Linear Im pulse.e Area e Ar.l



)1y-9..r. ~I) ~T):J ~ ~? ojl...G1 ~~ ~4~ ~\) ~):J ~.)6:- ~~J~ ~.f\:~':'s.J> Djl..)jlcS~ u,.;li
•..l,;~~ ~t; ~\.) 0T ):J~~..r- oj\..l,;\ )~ ~ ~ ~\

F=G =0 7-> G =constant

Mo = r x F= r XI11a = ln ( rx~)

d (_ _) .: _ _ .; _ ~ ~ .; - d (_ _) d (_ _)
- r x v =rxv+rxv=vxv+r Xv~Mo=ln- r x v =- r xrn v
dt dt dt

d (- -) d A0: I - ..:. I=dt rxG =~ =H{) => M{)=H o

o~ J~ LSI'\l.~lj c..Sr o)J-j1 ( Angular momentum) =H 0 =rxG

~~~ ~G~ ~. J,....=> o)~ ~. ~ ~)~ c..?")l> LS~~y:.-i LS~)~~ ~ .JI :cSl~,I) .:.S .J> Djl..)jl ~~ u,;li

.~b ~I~ ~ ~ 01Jj> LSl'\l.~lj ~r ojlJ-jI~. ~ o~~ ~~ 01J~ LSI~~lj ~.r ojl~1 u,~

M0 = (5 7-> H0 7-> H0 =constant

G=mv Ho=rxG

Linear momenmtum Angular momentum

F=G Mo=H o

t Fdt=dG 12
Modt=dH o

t 1 t 1

Linear Impulse Angular Impulse
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~. S-:; sIr ~~ ~I) .~ .))~;-!)I~ ~ ~ UbX )~ l5~I) ).)~~;> 0 )I~I ~;; ~ GX)2 ~ Gx)I~} ~.:::> d5

.~~~ ~,.; ;-!.j~)~~ ~1rl

V~ )1 =v x )1 (1)

v: )2 =vx )2 (2)

)I H ~~ ;-!.)~ l5l:-JI) )~ ~r ~~.) ~ ~~I ~r- l5Ub~~ ~.; ~ VX)2 = V2 eas82 ~ vX)1 = VI easel 0\ ~~ dS

)I~ ~~ ;-!.)~ l5l:-JI) )~ ~r ~~.) ~ ~~I ~r l5Ub~~ ~). ~ v:)2 =v; eas8; ~ V~)1 =vi easei ~ ~~~;-!

~ ~~~ ~Irl S,:j .s: l51)"! ~~;-!.)~ l5~I)).) ~Irl ~r ~~ ~Irl.))~;-!).) ~..) U)~ ~ .~~~ ~~~;-!

·~4~ ~~ .))~)"!jl~ ~ ~

:~~ ~~'J,)J u~~W

~ ~~.) ~y--:::- u ~~~ ~I~ ~ ~ L,),.;l3~ tU~~ ~)~ ~.~. ~ I) Fy l5~~ rr:- ~~ (y )~) ~~ S~1.J).)

.~~~~ J)G..).) ~ )"!I)"! ~~ .))~ ~~~ ~ J~I ~y:::; oS l5~~ ~ ~~~..>'~ J~I

ffilvi sin8i +ffilVl sin81-ffi2V; sin 8; -m2v2 sin 82 =0 =>

-ffilvl sin 81+ ffi2v2 sin 82 =-m2v; sin8; +ffilVi sin8i (3) ~~ <.S~I)).) rr:- ~.) d..C~ lSl~ ~ ~r ojl~1 \S~ 0";1.9

~~I)~ u)~ ~ .))~;-!)I ~ ~~ l5~I))~ ~r ~~ ~ l5Ub~;> o)l~1~ U)~ ~ ~)'4 u..>~)~

.~~~ ~)~ )"! )I~ ~~ l5~I) )~ ~r; ~~~ l5lJb~y> 0 jl~1

.~.1 ~~~ ~L....a w'1~ ~w l:;~.)~~ I) ~~~ ~,.; ~~ l5~I) )~ oS ~~~ ~..r>1 ~.~~ Jl>

V2 sin 82 ~ vI sin 81 l5Ub~r L ~.; ~ ~~ l5l:-JI) ).) dS~~ ID2 ~ ffil ~r ~.) ~ d}

~ o~~~ )~~ ~r~.) ~l:;,s L,)Loj w~ l51)"!~~ ~~~ ~~ ~ ~ ~~ ~~} ~ ~

.~)"! ~~ ~.flo ~ l:;~~~ ~.~} ~ ~ )~0\ ~~ ~~

- *
~ jl o)~~~ ~~ ~l)l ~. ~r:- ~.) ~~ (~L;~ ~~ ~).) ~r I}I dS) v ~~ ~I).) ~~~y--J yfl

~.) U'"'~ jU\ 0-..1.>yo .~~~ )~.) ~ )I -v; sin 8; ~ vi sin 81 <SUb~.r" ~ ~ ~~~ I~.~ )I ~.~ ~ ~~~ )~~ ~~

LbyA» I) ~~.9~ ~.l~ jU\ l:; ~Irl ~~ ~.flo ~yo ~«~~ eU>yA» I) rly:::;1~~~11o l; ~r;

~.Laj\ s.....s ~ ~ ~)~~o~ .))~)"! ~1r;1 ~ ~ dS o~ ~)~)"! rr;~.) l51)'! ~j4 ~~ .~L;~« e-:::Sj4

.~~ ~rU.)!.j u)~ ~ I) ~~~~
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~j4 bye)~ ~.rC

~~bye)~~.rC

~j4eli>ye )~ ~.rC L5~1) )~ ~ .::..S.r 0 jI..~1 ul~

~~~ )~ ~.rC L5~I) )~ ~ .::..S.r ojl.).jl ul~

r:restitution (~j~)

d: deformation (~~)

e
mlvi sin 8i -illl v*

m.v" -(-mlvl sin8l)

vi sin8i -v*
e

v*+ VI sin 81

V; sin 8; +v*

-v* +v2sin82

(vi sin 8i - v*) + (v; sin 8; + v*)
~ e

(v* + vI sin 8t}+(-v* +v2 sin 82)

vi sin 8i + v; sin 8;

vI sin 81 + v2 sin 82

.)),>~)I ~ ~~ l.S~I)).) ry:::; ,.)~~r

.)),>~)I ~ ~~ l.S~I)).) ry:::; ,.)~~r

(4)

L, ~-> AJb ·~I ·~Ub~ o·I~1 ~~ Ub·l . ,t"'Ub~ ~:. ~ L ~~., AJb Q..J ~ ~ ·~I ~ ~L ~I~ I_l> Q..J
• -~. l>r"- r 'U - r) ~.-- u ~ ~ r ~), .. .. r l>r"- • ~F· 'r ... .F .

.~~ ~I~ ;s.:::~ ~r ojl~1 c..S~ ;S)j-! ~r ojl~1 ~lA; Ub01~~r~ C-.Sy> ~

:~)~ ,~~ ~~ ~j, ~r:- ~. ~,~ ~r:-~o~ ~)~~ ~Ir:-I jl~. yfl

-ubl~ ~~ (3) .1J~L....c, ~~~ La) b (2) .1J~L....c u)~~.1)~ .~~ ~I~ 8i , vi e:UL..o u~~ ~ u)~~I)~

v~)l =vX)l :~)~ I) ~.j e:U~L....c,~ ~ u)~~I)~ ,~~

vi sin 8i
e

vI sin 81

:~~~

:jl~)~ e:U~L....c ~I as ~~ ~ ~~ c..S~I))~ e:U~L....c,~ .~~~ ~,.; e:U~L....c)~ ~ ~l> )~ uly~ ~)~~ .~~)~

.xS~~. ~~ ~ ~~ c..S~I) )~ J,I ~r:- ~.r c1AJ;.o ('

.xS~~. ~~ ~ ~~ c..S~I) )~ ~,~ ~r:- ~.r c1AJ;.o (r

:jl~)~ ~~~ ~,.; ~~ c..S~I) )~ as ~.~ .tJ~Lt..a ,~ ,

)~ ~r:- ,~ u~~ c..SUb~y> 0jl~1 ~) ~~ c..S~I) )~ o~ ~)~~ ~r:- ,~ ~~ ~y> 0jl~1 <.S~ 0";\.9 (f

.(~I ~I~ ~)~~ jl~ ~~ c..S~I) )~ ~r:- ,~ ~~~ c..SUbC-.Sy> 0jl~1~ ~ ~)~~ jl~ ~~ <.Sl.:.-JI)

~~ c..S~I))~ ~r:-,~ ~ ~r ~ ~)~~ jl~ ~~ c..S~I))~ rr:-,~ ~ ~r~ ~ ~I ~I~ ~j~ ~~ ('f

.~),>y? jl~

.~~~ ~lS" )'!.j e:U~L....c ,~ ~ e:U~L....c )~ ~I ,~~ ~~ ~.j, ~r:- ~ ~,~ ~r:- ./1 ~l> ~b )~

.xS~~~~ ~ ~~ c..S~I) )~ S~ ~r:- ~.r c:liJ~ ('

~~ c..S~I))~S~ ~r:- ~r ~ ~)~~ jl~ ~~ c..St.-.,I))~ Syc;-o rr:- ~r~ 4~I ~I~ .-, ....fj~ ~~ (r

.~),>y? jl~
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("V - "A) JLM~

~)P)"? 15),..b v2 , VI ~,I15Ub~~ ~'15'~~.r:- ~ ~1 ~~,~

~~~,~~I)~~ '~?yA6 ~15') V2 ~r~ 6 ~~

.~),> )"? jl~ 2 ~~~ ,~~ ~~. ~lS' ~),>)"? .}I .~~~

.~~~y)~ ~)~ ('

.~~~x)~~)~ (,

.~~~ y )~ ~ ~)~ 30 ~.,Ij ~ )~ (f

.~~~ e = 1~j~ ~.~ 01)~ 6 ~115~)'>)"? J..olS' ~~I ~),>)"? ­

) ~o~ ~)P)"? ~I.r-=:-I ~~ o....S~lA j) ~~~ e = 0~j~ ~.~ 01)~ 6 ~I 15~)'>)"? J..olS'~~ ~),>)"? ­

.(~~~ c:yho ~~~ 0~. ~),> )"?~)~ ~),> )"?

~.,~~~I15~~o)~~j~~~ -

:~.~~ ~)~ I) )'!.j ~l.>,~ I:J .~)~ 15~~ ~ j~ ~~~, ~~ (') ~.jf yl~ 6 ~)~ ~ ~

v2 =0 (~l

vi cos 81+ v; cos 8; 0
e "* =>

vI cos30+ v2

J3 , 8' , 8' J3 , 8'=> -vI -v2 =-vI cos I +v2 cos 2 => -VI -v2 =-vI cos I
2 2



~~ (f) ~jf ~I~ J.-J)~P ~ IJJ .~I o~ J~ 8; 0~ ~~~ I) 8; 01';~~,~ ~ ~b u'i~L...o) ~,

a...S ~~ 0~ v2 , vI L5Ub~~~~ ~.~~ ~j~ ~.~ t6 ~~~ )~ (I) , (III) u'i~L...o ~.1.A.o ~ ~ )~

.~~~ )~ 0-!.1 L,)

8; =0 (~

~I~ ~j~~.~~~ lJbyl~ t6lx .~I;~ (WJI) ~~ (y) ~b t~~ t6 J.-J)~ P ~ ~.~ j;bJ ~

vi cos O] +V; (J3 Je ~ vi cos O] +V; =e -2 VI +v2 (1)
VI cos30+ V2

, -I [ 2VI J' 2 [J3(e-1) ( e + 1) J2=> 91 =tan J3 ' VI = (O.5vd + VI + - v2
3(e-1)vI +2(e+1)v2 4 2

(~I) ~l> L5Ubyl~ ~ e UOL>)~ ~ L51) ~ (~) ~l> L51~ o~1 ~~~ L5lJbyl~ .~~~ (') ~.jf yl~ 0-!.I~~

.~~~J!.~

(VY - Vf) Jl.vJ~

~('

0.75 (f

~(r

0.5 (f

01~ ~)~ o~ o~b L5Ub~}'O ~ VA ~~ ~A o)~, ~LtB o)~

X)~ ~I~I)~ UB=VO ~ x1x B o)~~.r ~),>~) ~ .~~~ ~~y;

~.~ ~)p~ ~I)~ .~I 45° .HI~ x)~ ~ A o)~ ~r )~~ ~~Ij,

:~ ~1 xl~ (coefficient of restitution) ~j~

UA .os 45°- V0 =0 => ~ UA = V0 :~.r':' .)'! .:l,..,..e SL::.....,I) ).:l A rr:- Sl.)'!~ .::.sy> 0 jI..l.i1 S~ 0,;l!

J2
vO--uA

2 =0
2vo



(Vf - VCJ)J~~

III
u

v
III

~lS:.h....ol 0'~ ,~~1~ ~ U ~r ~ ~ J.!11aA 15'cJ~

,~~ e ~.r-! ~~ ~~ ~:} ~)~~ ~,lj ./1.~~ ~)~y!

~A- £ ~j~ ~.~, e~~ <p ~ oJ,lf \.f'l5:Jul ~.9'j

8 cp
tan <p=2£ tan e (r

/ r> r r r >> r r >.

tan <p=E tan e (f tan e = Etan <p (f

.~~~ u cos e ~),>~ ) ~ ~~ ~I~I )~ ~ ~r llJ ~~~ ~~j-i~ ~ u cos e ~r ~ m ~r­

.~~~ veos<p ~)~~)~~~~l~l)~~~rllJ~~~),~~jl vcos<p ~r~m ~r-

__ veos <p
(~"L ~ ") E=--

)" " ...r:' u cos e

:::::::> ~ = sin <p :::::::>

v sine

m u sin B =mvsin<p an ~r lSl~ ~~ ~ ~~ '_.5~1))~ ~ ~r ojbjll5~ 0~~

~ __ (_vJeos<p __ st.·ne (cos<p) __ tane I I
c. :::::::> tan 8=E tan <p

u cos e sm <p cos e tan <p

.~~~ (f) ~} yl~ 1~

~r ~~~ ~r d r ~ ~l> ~1 )~) ~~~ e=<p ~b~.1)~ 4S~~~ £=1 ~~ J..olS' ~')11.))~ ~ ~1

.(.~~~ ~1~ ~l;j~ ~ ~l; ~,lj , ~cs" ~),>~ ~1 'l! as~1 ..>~

(Vf - VCJ) J~~

!~2gh (He) (,
3

~2gh(1+e)k (f

2m ~~ ~ lSl~ lS').r-! h t~) jl m ~r ~ A ~j,)!.j~ )~

~.r-w ,~~ e ~)p~ ~~ ./1 .~I k y!1~ ? ~G .JJS is" ..b~

~~I ~1~ ~),>~) ~ ~19~~

~2gh ek (r M ('

h

ill

V'!
A

t BL-- -------'

!
v~

) ~ m ~~ U ~~} .~)~ ~2gh ~ ~),>~) ~ ~r.xS~ ~ ~Ijl ~~ ~ '..> h tLi;) m rr:- as~~
'U)~ ~I)~ (~~ ~r'~ ~ ~ 4S~~ d') 01':;~) ~~~r ~4.~ ~ B ~,)f~~ ~ ~..>~~

:) ~lu)~B ~,m rr '_.51~ ~)~~'-.5~I))~~ ~r o)~Il5~ 0~~

-m~2gh+2mxO=mvA-2m vB :::::::> vA -2VB=-~2gh

VA +VB ,,~
(~j~~~),>~~~)e ~ :::::::> vA+vB=e,,2gh

,,2gh +0

, (e+1) ~ , (2e-1) ~
VB =--,,2gh , vA=--,,2gh

3 3



.))p~ ~I).)~ .~~~ uSL., 01~~ ~ ci) 1~ 01J>b m2 ~r:- 4151~ ~ ~),>)"!)I~. Inl fr:- ~ ~ldJ#
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~I ).rJ)"? ~~ c..Sl:-JI) )~ rr; ~~ c..S1)"?~ ;:,S;> 0 ).,lj1 <.S~ u,;\j m lS~l-.o f'~ ,~

2mv=2mv' :ftt":'.)~~.
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~t ~O ~t ~t -70 ~t

t
aA=rcx..

-.
F

'co
dm-x
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o~ J,....:>~~ lSl~~lj ~r 0)~l n, 01 )~ tAS Mo=Ho ~b~ ~yb ;I .~~~ ~bA IMo=10 a I~l) j1

·~4~

lSl.:....-Jl) 0~ ·~4~ rro2dm
j rudm j dma-, .dm L>~l ~ O~)~ lSlA>j~ ~l~~ ·~4~ aA =aa +a~/a+aA/a

~l u)~ G etbA.; J,:> rn dm j drna., lSUbj~ )j~ j ~)~ G d.hA.; J~ tS)j~ ~ ~)~~ G d.hA.;;1 rro2dm lSj~

:j1

t
a.AJCi

.A.G=r

dMa =r(radm) -(dm a., COS~)YA+(dm a-, sin~)xA
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.~~~~~~4 ~l) ~lh.o Ub~}A ~l

Xa
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0
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0
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.~~ ~1~ ~4 ~lj) ;o~ ~~l ~1j) ~~ (0) o1~~ tS1~ J,:> I) tS1~~1j ~r 0;I~I j )j~ ~1j) ~I~ ~1

·~4~)"!.j u)~ ~ ~ ~~.r:-?yA ~~l Sj~ maa ~.; j~~~.r:- pya~~y> ojl~l mVa ~.;

flo =fla +OOx(m~a)
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OGlla~OGxmaG =mOGx( ab +aG) =m( OGxab +OGxaG)

OGxmaG=mOGxab => IOGxmaG l=mOGab =mOG2 a

=> OGxm;a=mOG2ak => Mo=Mok=Ma+OGxmaa=Mak+rnOG2ak => Mo=Iaa+mOG
2a

=> Mo =(IG +mOG2 )a=lo a => IMo =10 a I => Mo =Ho =10 a=lo to => IHo =1000 I

~ wi~~ J ~~ JIJ.loI d.S J~ ~~ (0) '-SI~ J~~ US~ "jl~1 ~J";,f'$ .b.:tIJ~ ~I (J

:J~~ ft~ JSjO jl

:~~~~ ~l> ~l)~ ~~ ~l~ OG lIio ~)~ G rr- ? r jl 0 ~y~ ~l~l.Jl

aG =ao +a% =ao +a G/O +a blo => OGxaG=OGx(ao +a CJlO+a blo) =OGxao -ooxs G/O -ocxs blo

oaxao=O OG -- OG -- t IOG -- I IOG -- t I OG t OG(OG) OG2
----...",,=----=--~) xaa = xa a/o => xaa = xa G = a a/o = a = a
OOxa~/o=O

SJ
atG/O
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aGIO G
o ..

a,

=> OGxaa =OG 2 ak

Mo =Ma+OGx(maa) => Mok=Mak.+mOG
2ak

=> Mo =MG+mOG2 a=IG a +OG2 a=(IG+mOG2 )a=lo a.

" " 2 A 2 2=> Hok=Hak+mOG rok => Ho =Ha +mOG ro=Ia ro+mOG ro

=> Ho =(IG+mOG2 )00=1000 => IHo =10 00 I
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x y z

rx(&xr)= x

j

y z
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..l.i"';'lS'~~ Izz = f( x2+y2 )dm , Iyy= f( x2+z2)dm , Ixx = I( y2 +z2)dm :U)~ ~ ~; ~ z , y , x -SUb)~
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M G ) X = Ixx Olx + roy Olz (Izz - Iyy )
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. LMa =0 => P/i sin B - N% cos O= 0

~ tan8=N=mg=4x9.81 => 1 8 =:: 33.2° 1
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(VV -VA) JL.u~

,("'~~ u cL-lOA LL t:LS ~ B~~ ,~... Ub o~ o~b .~ ~ c .: .c . ~l.:>·1 . I~"·. .•
~ irr:: )~. .. ~ .r ~I.,S'J ) u.. ~) u~ ) ;-!.)~~
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4
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E1=E2 => 3mg,%=2:(VB)2+mg% => mg£=2:(VB)2 => IVB=~%g£ I
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T1 =) 0 => E 1 = mgh
Vg 1 = mgh

1 2 1 2
T 2 = 210 m + 2"mv G

Vg )2=0

V G = fro )

)~v - - h
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(VO - VfJ') Jlw~

00= elL (fV3(R-=-~)

0) =)4gR 0"
3r 2

0) = ~ 2g (1'
R - r
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EMa = 0 => -Tr + IGa. = 0 => -Tr + --a. = 0 => T = mr
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2
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=:> ao = a - Ra. = - => a =--
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