
.~1 ~_µ ~~ &i ~'Y r5-..fa~ ~l:i..Î ~) ~ l~I ~I ~~i :~ 
.~ tsgt;.Jtt' ÙA o~ e?!üc.i ~ til.ai ~ '~~ .J 4iJ~ ~ o..*\71 o~ ~) 1_,.Jci 

. .-.:-:tl .. 4..iJ . L · t ·'il t.. ... 1t\ 

.~~ ~~ .. ~ .~ V"-

. 1. La .-.:-:t1 ' :. . • i .lJ') 
·~ ~~ ~Ll • 

. ~~lù~-1 
.4.c.~\ ÙA l. 0 ;\ci ûfo.J ~~\ ~\.)~1-2 

.~.; .. ,JI 7>..*\71 ~_, -3 

.~.J.J u14Jill ~_, -4 
.tt'l~I r-li) .l~ ~ ~\.:illl ~\.:iS ~ u.a-.rJI ~ ~_,1.6..JI J_,1~1 ~ -5 

.~ \...oS ~lk;..\71 j.;..1~ F.J ~ u\J;..,, ïJI F.J -6 
.f"ti C_,..;a~ ~_,_>h.JI ~\ri~ ~4-.i[I -7 

.4..-)l:JI_, u4-.~'11 -8 

.b~'ll :~ûll ~I 
.(.j)~j ~I ~b .JJWI ~ -1 

.(_fa.l:i '-:?4 ~ '1) ~I ~_,li~ ~I ~j Jy...=_,ll üfi.: ~) ~ -2 
~ ~ o)-li[I ùfa ÙA µ y4âJI ~_;!J o~~ ~~.)Y,: üÎ ~ Yl.:è JS-3 

.W\.....Q.11 4f'11h1\\ ~I ~l.J.ll..u4 

~I J_,~ 0A (.).li[\ ~ û.J-l ül.S ~ '-:?'; ~\ ..)1 J_,=..~4 ~ '1 -4 

.~1 J_,~ 0A ü~i[I yl.la ~.J O.J.J~I .l.lc. 'll ~ ~_,_yJ4 ~ '1 -5 
4-tï) 41ii1h;l\ J'-4c.'i4 ~WI ~I wl_,~i ~ ~6. ù~ üÎ yllb JS ~ ~ -6 

.( ... 'r-)l!Î '~3i+ Jl.J_,l ,~6. 
J_,9 0 jr.a. YI JS .l .» .J ÙA .lS:l:î; ijÎ ylUJI ~ ~ ~ JS ~ t.Jy!JI ~ -7 

:~La élc.ly t"° tt_,UJI 
.'+i~H ~ ')_, ~ ~Uic'll O.J.Jy..:o -( Î 
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:ç.ll=.\rl ÜA lJ:1c.~ Ù:H ~\ ~: ~J'--·-û- (1 

:~U:al\1 ylk\rl - (1-1 
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. O.OOls U~ ' . .J· 11"J 

:~1_#1 ç.lk \ri - (2-1 

w~ 4.li ~_r.i.:i.11 ~ .J ~ ~~ e,,_,.:1 ~.:1~1 ~_;.b i:.;c. w~ ç.\..W..i ~ 
~ ~ ô~.:1e. ülyi L)J.l\.:ill )fo. e-fa 1-A.llc J .~~\ ü~\.:ill y\_r.i.} .llc 1-AJ~ 
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~I ~\ .J (.)oll\iJ\ _;\~ 4jâj9 ... .\I 4\1 ~ J_) ~P. .J u-1} i;~ ~ ç.~i ~ 
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R 
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I* = _!_ ~ ! (i - ~) 
R+r R R 

. R ~Jü..JI rl.ol \~ :;~ üfo .J fa.J-:A'il j~ ~\~\ ~.Jü..JI ~ r ~ 

:~ ~\J:J lb.:..~ '.') 1 11lJ j~l I~ ~J üs.l 

âl = (i)I 

: ~':Jd:,. 'i' ~.Ji~~' ~ ~ œ 4ül1 ç.l..k;. \t1 -(2-11 

.J ~ ~I ~\ ~ ~P._,.JI J_;âll ~ ~ j4;JI lJc- 4Ull ç.~'JI ü) 
ç.\...b'JI 01\ ~li:. ~y ,y:i\~ _,;.ï .J ~\J:J üfe J_;âl\ I~ ~J .\4;k·~ ~I ~\ 
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0.25 .. . f t • 
E = - : o_).l9 ~ ~ J 

n -
ll~.le. o · Î ·' __ -: .~ '-4~ ylh:..~\ ... ~~ 

;,'il ~'----· ._.,, - (Ill 

: ~ J u.i\.:! JS '1i! o~I ylh:..~I uh ~ 
(oÏyJI J~4) ".$...>~\ y\..hj~I ylki • 

(ëJr..\rl OJ.1~ oj\.c}) hi· 0H Yi.hi • 

... ~} . 
IJ":F· .J~I ~ LaS ~t:i ë)_p.ll 4...>j ,~ '-:-l:Pftl 0~ 0i ~ ~~ ~ ojyj 

~1 o 1 .::tu ~1 u....iu.a . Y...)'M.~'-,$ J. 

: ~J\rl ~,)JI - (1-111 

\..le. Li.1\ " • Î • ,·\.Q \.!~I \..h=J\ LLli., .... , . _i ~ .. ·LI\ 01\ •, .<-: ...)'w4 J \.)il .. 0 ~ _r.ii.c. ~- _n- i..s- ~ V"'"'"'"' 

:~b \.1al.GÎ üfo Ït~ ,~1 ...>j'il 

: ~J'il 4..lb.11 - ( i 

~ '-\ri ~\ ·i ~ Ït~ ,\.!\ ·1 ~ ·1-- • o :.WAX l~I w ~ u. ~~ .. ..)~~ . ..) \.)Il .. 

: .Jà X ).li.JI (.)Il\.:! CF- ~..fa.JI 

M = lilXsl + IM1I + IMLI 

~\J:.jl\ ~I ~ !J.Xs ~ 
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X= (Xm ±6X)u 

: ~WI Â..lW\ - (Y 

ôy!i~ Ji;. ~ (x,y,z) _?.Ï )Ji.a (.)'1149 &o G )~\ ~ ÂJW\ o~ ~ 
. . t~ :. 1\ t- . .<'.-: ~~ • \j:')\.bj\ . .<'. • 
• ~ ~ (..)_,-.. (.)A u~.J 

G = f(x,y,z) 

~~ I~ o~ w4aSl\ o~ ~) ~ .J Az _, 6.y, 6.x :\~ ~ ~ ~lh:.\t\ ~ 
()A ~ G ~\~\, ~ ~_;.JI AG Jl1a.JI tkll y~ _, .)1_,:i!I i.)c. z _, y , x J 

: c;i G J ~\ J..;:.U:ill y~ 

dG = (:~) dx + (:~) dy + {:~) dz 

.t.l~W .. <'.\ ~L AG~\ 1\ . :. . .. ~ .u ~.~Y~ 

AG = 1:~1 Ax + 1:~1 tiy + 1:~1 tiz l?i 

· ··-- ·'I \ . ;., • .J.J -:.L-:-: \..h:i. \ri · ô Lli · \j ~ . wli..ilâll ~\S \~\ · .d.b)La ~ s .. ~~ ~ _) .u. ->F- .. ,. __ 

w'J.:il&.Jl till:-11 ~\ ~l .J Az _, Ay 'Ax ~\ ~~\ri ~l .J.JyJI ~ '1 ~~ 

g = X1 + Xz + ... + Xn 

Ag = lix1 + !ix2 + · · · + lixn 

~L .Ll.l.J\ .:i .:i:JI ~ · I ~ 'JI . .,,.-;" _, ~u . , 

: ~\Ü:ù-(1-Y 

~\~\~ 

.4~ ~~\~~\rit~ Jà .J 

: c.)JI ~ -(2-Y 

g = X1 - Xz 
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g = X1 X Xz X •.. X Xn 

Lng = Lnx1 + Lnx2 + · · · + Lnxn 

~ ~bl\ t. w . .. g ~ 

.JÂ g J Jlk.JI \.h;J\ J 

: ç. \~\ th;. -( 3-Y 

~ \ .ll I LJS:il 

· , ~ J W L:. -tt\ A.JI.li\ . l.T- g .. _) ~ 

· ~ L .t ·-w .... ng ~ 

• ,./A J ,,,,,,\ tb.:JI ._rg ~ 

A (ÂX1 ÂXz ÂXn) ug = -+-+ ... +- g 
X1 Xz Xn 

X 
g == -y 

Lng = Lnx - Lny 

dg dx dy -=---
g X y 

flg _ ÂX + Ây --- -
g X y 

: ~\ th;. -( 4-y 

~ 1 .li\ lfo:il 

: ~ g J 4;4î)~. _,Ill ~l.ll\ 

·~L 1 ·w .... ng~ 
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: ~_,li~\ 1.1 .... ..,,; ~ Xn'···' Xz' x1 

X = Lf=1Xi 
moy n 

X= (Xmoy + llXmoy) U 

. ~\.J . ~ \.Ji . te' ... . Xuc- ... ~ .. ~ 

. te- :.t\ '- ~I wJS:l :. • ~ (.5""'- • .. • ~ 

~\ ~ (AX ) · 1- ~lûi\ . .<l ~· ~ \..a•\...!iJ .::<i ·te-:..~\ L_-: ... · J umax ~ · ...r.- ~ .. J ....,.....~ ... ~J 
:~1~~1+UI~ 

: ~1 1;jiltl - (IV 

: tj')! .lll wl~ el! )·11 ~z.ôi - ( 1-IV 

wl~ ~bc.4 ~ ~~\ ~)\ ..bi! ~ ~IJ yfa ~~~\.:il\ .J~'il Js. 
. 4.1')!.ll1 

..bii ~ ~ tj')!.ll\ wl~ ~ ~J'il .J~\ ~~\ 0.002080 ~~ ~4 : Jû.A 
~) 04 ù~ ~~\ \~ (JÎ JfoJ .tj';l.lll wl~ ~ t..S~~\ .Jli.....::.~I La\ ,~_;JiaJI ~)\ 

. 4.1')! .lll wl~ r-1..!) 
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: .:ibcYI ~fa- (2-IV 

nième JI ~ ùC- ~ ~I f'\.i _;YI ù~ f' fa l\~ ~I wlj f'\!) n ~l .:i.:ic ~fi 
: ~ti.\\ ô.:ic lill ~ Â..\~ ~I G\j ~ _; 

-~ ..>#- ~~\ ~ 5 ÛA ..fa.-::aÎ ù_,~ ~_) J_,i ülS l~J - i 
. 2.52 ~ 2.5241 .:i~I : ~ 

. l\~ ~1 wlj r9 _; y..î ~l 1 ~ )1 A..!t....aH r-.fo 5 ü.ci _,pi ù _,hA ~ _; J_,i ülS ljJ - ~ 
. 2.53 ~ 2.5272 .:i~I : ~ 

f'_jj:J ,4..a~ __;#. ôft\rl ~_,~\ r-l!_;\rlq 51..jJ~ ù_,hA ~_) J_,Î ülS ljJ - [ 
,l\;;~1 wlj ~_; y:..î ~l 1 ~)1 ~~hi 

_;#. ~\ ~ ,4...o~ 1..5_p..\rl ~_,h.JI r-l!_;YI_, s '-?-'~ ù_,hA ~_; J_,i ülS \j) - J 

-~ 
. 2.52 ~ 2.5250 .:i~I : ~ 

: /J.X ~I ~fa - (3-IV 

l.oWI o~lill & üÎ ~ ~ üj} ,~ ~i I~ Wb' AJ·:ai \.li~ lb..ll ~4 
ÛA Jii ~ l..j~I ~ )\ ülS ) J .»YI ~ )\ ~ f' fo ~I ~fi l..jÎ . .:il.:ic 'JI ~fi 

.5 ~)\ 

!J.X = 0.05 ~ /J.X = 0.0436 ~I ülS \j} : ~ 

!J.X = 130 ~ /J.X = 123 ~I •\.S \~\ u .J 

: ~~I ~I ~üS - (4-IV 

.. '" :.t1 ,_ . _('.-; ~ ô . \ri 4-iüSll . ~ ~UJ-" ... ~ . 

(X+ !J.X) u 

: ~ ~ f'fo ~tiSll c~ ~ ~ 

!J.X Jlh.JI t.h:JI ~'JI CJA ~ - Î 
1..j~~\ ~fi4 r-YJll ~ !J.XJ 1..j~I ~Jill ~ t;9;, i X ~üSl ~4 - ~ 

. 4-.oWI ô.:ic lil\ ~ 
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• ....! Ji \.i1ho ~ Ul i.::.i.bc Î ~ .. •· 1 t1 =: • • .. .J .~ u-

x = 12.73567 Li:!.ll J llX = 0.0787 

: ~~~fil .l'Y~I~ 

X= (12.74 + 0.08) u 

. Ul wbci . Î ~ .. ·. 2JU.. • . t..SY:.. -~ 

X= 6748.80 !).X = 124 

: ~~~pl .l'Y ~I ~ 

X = (6749 + 130 )u 
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tûu.J\ ~\ a Î> j .J\ A.wl \ ~ ai aS 
.. ... .. ' ..J .... 

: ,)Jb.J\ c:c?É -2 
~ 'i.J (ûlWI ,û\~\ ,û\~_,ll) ~ ~L..i\71 û~.J.iil\ .J.Jk-1\ ~ ~ 

-~~\ û~Yill ~ 

: .kWll ~-3 
.:.l\" 0" û\ ~ Î . ~ • "\ "+" . .lA~ • .. L:. . .b\lll\ ,·t.!tL.l ••• c_-. _,. .J . .J .).J ~.) .JA ~ ~ ~ 
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y 

y = y0ekx Ç::> Lny = Lny0 + kx 

+ày 

-àx + +ax 

-/ly 

X 

1 JS,.:JI 
y 

A 
\ 

\ 
\ 

\ 
\ 

\ 

·1~1 
1 
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,· 

h(m) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
' tmoy(s) 0.144 0.203 0."'~7 0.286 0.320 0.350 0.378 

t~0y(s 2) 

!J.t (s) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

!J.h (m) 0.002 0.002 0.002 0.002 0.002 0.002 0.002 

g (m/s 2
) 

!J.t2 (s2) 

llg/g (%) 

!!..g (m/s2
) 

g ± !!..g (m/s2
) 

·U\.:ill ~J\..JI .-:.& t . ·.tw -:L-:. h tw 'il ·lj ·- 'I ~ _..: .. ll 4.J -'~~l\ ~\ .lll ~ • .. 1..7".J l)Ay, ~ .) u. ~ ~ .. ~ .) . 

. \ri J....u~b . t=: .-: 
l.J-tO.) ... • ~ g h = ~ gt 2 

2 

:~i 

.~g/ g J ~_);:JI éj~I yJSÎ -1 

.~h.i\.:ill JJ~ ~Î -2 

,ç.~\rl ~ly:-. ~ JS ~ ~.J (::4 h = /(t 2 ) ~ h = f(t) l.);;bi411 ~) -3 
·lul\ . .. ... 1 4 .u ... UA Bexp ~ -

• tc- >I\ \- J ~1.~l\ ~I ujS\ -5 .g = Bexp + ~g .~ ~ 9 .. ~ . .. . 
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~ . .,~ 

~J~--------~~" 6J~-------'~ 

:~~\Ù~-(1 

.l..il..)~ ~I~ J F = my ~~ ~\..}'i\ ù.J-Îtill ~ ~I .JÂ ~~I ~ ù~I 
.~~I ùJ~ J ç-;iiï·uQ k ~ rU::a:D4 ~~ ·~ ~~ 

: 4-...il.J~ ~~\ ~\ \~ ~ ~ 
L = f(t) L;A)\ ~'i~ ~ _,1.WI ~L..i.JI - \ 

V= f(t) ÙAYI ~y~ ~yJI - ~ 

:cJ.J t;;u \~!-(Il 

.tl::w.il r, · \Il o~ .. ,w, ~ t... ~l..S:h.I · J.J i . -:t-:c: ~ ~ .... Y, ~ ~ .. (S"- UJ . m2 ~ . ..)C ..?-1.l 

( 1 . lc:' "1\) m . l".c:' .cû.JI • •• . .~ . t . - . 0 .<. t.... ~.l.GJ.\I .le. ~ 
. ~ 1 ~ .. '1t"' "-?'"" ~ J ~ (S"- ~ ~ .. 

~. ~\.Sa YI 0 -' . lt '"I ( ..... ~I 'U\\ . 't.ill) dL ..... -:lt L..i';I b.l.J\ ~ .. Lo:. J .r Ul.Aill, ~ UJ~ ~ UJJ .. ~ ~ · ~ 

F =m2y 

:~Lo~~ ôfi+l\ 
· m 4..l:iS.ll ~u . 2 • • 

.~~\ ~ r ë4 y=~:~ :'-RJ~ J ~yJ\ t.J\..,..ij Jlcy Y~ 

:ùfi.JI ~ 'J~IJ ~yJI ~~Lo\ 

F 
v(t) = yt = -t 

m2 

:JS..!JI ~ (t) ~WI ~ ~ 
1 

1 2 1 F 2 r(t)=-yt =--t 
2 2 m2 

r(O) = O ~l ~ 
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:J; :hïll - (Ill 

:()4 (.)_,5.JJ ~J (2) ~\ ~ ~.J-4 ~~\ _; 4,Li.),,,J\ é..)H.~I 
..b ' ' \.à. ~ ·L- ,'it:. o lu:. ,.& ·~\ •• .t\ ~Ü -1 ~ ~ ..r .. .. .J"t-:"' V- .) • ..r . .,,.... 

:~l_Jf.ll ~I -2 
o~ yij é~ ~ji <.j.,,.LJI ~..?JI ~J ~\~_?..JI_; y~ 4.J.l.cl ~ ~ 
.)\.:lll~J ~\ F WC- ~yû.JI F,I ~~ ~ ..b_,•.;.,.J\ ~'-*' ~ ~_?--; ~ 

.. ~1.Sb.1 ùJ~ ~~ 01 vh1 .. ,J 

?.;_ :~~\ jl.f+ -3 
~_,!\"~ ~ <.j.Jb.;J ~4~ tbli UC- é.J4c .JAJ ~\ ~\~ ~ j~I ~.J:! 
~ -- -: -t\ - ,..- 1\ \.....w~ ... Lu...J\ · .<. ~ .:J\ .. )\..bj\ 1.:: • ..• LL.a..a t-
~ ~ ~ u~ .J ~ ~ .~ ~ r..s-

F,I L>c ~ua..J\ ~ .JY\ u1:- 6;..a; La~ .~ ~4~1 t>)J.l\ ùfoJ 
~l.W\ b.u 1 ·- • 1-J.al ... ~ ·- t\ 1.i.û ~ ,~ ... :w:iw .. <t\ r, IJ.ll .. ~ ·--:.11 ... ~ y J . ..r' . .. ~ ... ~ .) ~J ..r--' 

· .-:<\')\ ~\~\ 1. _ .-:\\ ~ • (3)· IC "I\ J~'JW • .-:<t')\ .c..rJ~. ~ ~~ .... ~ ~ . . r..,rJ..)"-*', 
.. , -·~'I • W\ -4 .r;r.,- ..P.-

.(3)~1 ..} ~.J-4 ~Jfi;JI ~I~\ ~ ~ji ~ 
.()4jll yl...i:J j~ .JA :.;.J~I JI.al\ -5 

.(~ ~ ~) o~I -6 

:ôAJll J.N~ ~~\ 'J~\ W"YÏ - (1-111 

:~lülE-(i 
':,'·. .(3)~1 _; Ù:HA .JA LiS ~~\ j.;i..l..:Jy ~)Lhj')\ j~ ~ -

.m1 = 30g ~ ~\:il4J J:iSJI ~b ~ 2 x 10g J:iSll ~ -
. ~ _poiJI ~ .Jtl-.J\ ~ -

i::t,........-1 Page 16 



/J.g = g ex (z i:lm1 + i:lm1 + 2 _E,,_ + i:lL) 
P m 1 +m2 m 1 tmoy L 

/J.L = 2/J.Lsi = 2/J.Lr 
/J.t~0y = 2tm0 y/J.t 
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. lim = O.Olg J lit= lms ' !il= 2mm :w\Jh• .Q 

l/ J J JJ\~\ H.~ ~y:il\ ~J ~jljil\ U'l,.. Â..c _y.JIJ ~W\ l}IJY! Ù"'"'Ï•u; :~~ 
.o_yi JS ~ \+3jl.c}J ~y~I ~ji\\ ~ 0i ~ .~t.......i JS ~ ~I ~jljlly 

:(.).ljll '-l"J..\:l ~ y.-JI w-'yi - (2-111 

:J.u.11 ùl_,.b. - ( i 
~\ ~ ~ W ~~I j;i.WI ~\.i.J at ù.c)I ~:~La &J 4.c._y.JI l}ll\.foJ 

.(al= 25mm ~yJI J~ .Jü...JI ~Î) ~~I 
:4.c _y.Ji ~yûll ~ 

aL 
v=­

at 

. ~\~.U\ -~ ... ~ 
.~J'JI ~~\ ~ o)..:i.:...JI ùt!lu..JI ~ ~y.::JI _p,.WI ~ -

.(4)~1 ~ ~..JA ~ LAS ~J.ftJ'JI j\.W\ ~ ~~\ _p,.bll ~ -
.~J.ftJ';I j\.WI ~stop invert .J)\ u1c ~i -

.j\.WI u1c o~1+a .J~I L>-aj ~J ~_r.JI .JY:.. -

~ ~ _,_jj5J';ll j\.A!I ~ •l}lll.foll ô~l.c) Ji! ) . ùl _yi (3) ~~ l}lly:ill ~ Jc.1 -
ô~~\ -·~'' ~ ( .:. _11 ~ . ~··~~ .. -' 
.(2)JJ~I ~ ùl....iy:ill JS ~ -

:~.t..}il -(y 
./lb J /la ~J~\ ~Î -1 

.tmoy ~';/~ V Ù~ ~~ J.JJ ~ ~) -2 
.~1 ÙA ~~ ~ JS ~ /J..tmoy -' /J..v ~\..k.;, \ri _?..\__p. ~ -3 

4 ;,b;.,,s ~~ 4..-..aW\ g W ,·,\..ul\ ,·Ul rUi:i.uil -4 · .. .. · exp .. "-' ... .._,- ~ · 

r-IJ..J\tl ~ 1.fi_yi) g = Bexp + !lg :JS.JJI ~ g ~ 4 .... y,., a ~fa. ~I -5 
~\J;l\\ wlh J J~I ~ !lg J ~y 0 .)\.A.JI ~I u1c ~:t; J ~';/ ~\ wl~ 

.( MKSA ~_,.lll 
~ 4.cyJI y~\~ \).1..-i lJc- ifa.JC I~ 1).1...i üfol l~W-6 
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Y .Jti...JI .JJ.JA JA ~Î 4.JWI o~ ~ ~_;.:JI t,,_ï Jà lA 

Y ~4-l Jb Y Bexp~ (YYi\ ~~ ~J'JI ~~\ 0-4 '3~Î ~WI ~~\ Jà -7 

Y 4.......:iL:JI ~4-l:W.....il ~ lA -8 

.Ô.V = V (fl(aL) + fl(at)) 
ai at 

fl(aL) = lmm ' flt = lms ' flm = O.Olg :w\Jh• 4 

. fl(at) = lms .J 

L(cm) 20 35 50 65 

ti (s) 

tz(S) 

t 3 (s) 

tmoy(s) 

t~0y(s 2) 
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L(cm) 20 35 50 65 

!lL (cm) 

!lL/L (%) 

tmoy(s) 

!lt/tmoy (%) 

t;;0 y(s2) 

Ymoy (m/s 2) 

!lt~0y(s2 ) 

llg/ Bexp (%) 

!lg (m/s 2
) 

L (cm) 20 35 50 65 

at1 (s) 

at2(s) 

ot3 (s) 

àtm0 y(s) 

lia JJ~\ 
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L (cm) 20 35 50 65 

tmoy(s) 

llt/tmoy (%) 

atmoy(s) 

li (at)/atmoy (%) 

V= BL/àt (m/s) 

tiv/v (%) 

tiv (m/s) 

fig/ gexp (%) 

fig (m/s2
) 

/lb J,,~1 

.... 
F 

-1-~I 
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\ 
~ 

-2-J< tll 

0 0 0 0 0 0 
0 0 0 0 0" 0 à 0 

0 0 
0 ©---©-- 0 

-4-JS.JJI 
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:~~I U.\....Â - (1 

~\.JJ.lll '4iyi.:ill ~L..i~\ Î~\ ~ ~ ~\ '/.) y. ~~\ o~ ~ u~I 
o_,Ajl _»ib ~ ~J r-U:a:i.l4 ~.JL....'1a ~l.JJ~ ~y.li .ua->9 ~.?- ~l.J~ ~jJ 
~\ · W 1 · Î 4.ll.b.l\ · W t\ lu.i .. J -'I Wjtj ~ \ri ~jWI . .. U.J ~. f'JC .. 1..5" • ..... ~ y.-ay .. J .. _) ... . 

. :~l.J~ J~ ~ ~~\ 4J~~4 
0 = f (t) l.Jl_)J~\ ~Jlj - Î 

lù = f(t) ~J\)\ 4.c~\ - ~ 
J 4.llb.l\ f' je - [. 

: i.iJ Jê.iH Î~I -(Il 

:~ ïVi ~) .. :i...l1 ~__,111 r-jc.J r ~y.Ji ry...11 ~y ~1 ~)W1 

- dl (1)......................... M = dt 

(2) ......................... iJ =Jw ~ 

.~JI)\ 4-c~I w J 4.llbJI r-Jc y.] 

.... .... -+ -+ -+ lt'" 1· 1 
_J~\ ~J Alu-Jl f'jc. ~->4 ~ lz ~ L = Lzk = Jzwk ùl-9 w = wk Uj~ ~ • 

. oz 
:~ l.iS (1) AJJk.J\ ~ AJWI o~ .} 

M = dLz = dUzw) 
z dt dt 

- -+ -+ M=rl'...F 
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0'1 IFI =mg ~I ~J ( IFI = mM g) 
m+l•J 

Mz = mrg 

dw 
(3)......................... mrg = lz - = f za 

dt 

~ ~.:i~ ùfo F 0__,111 ~ 

.m «M 

:ùl.;JJ.l\ 4,IJ ~~ :J.J'JI ~..aJI 

. (3) ~~\ ~\S:iJ \j;jjl.i ~ ~ · ::i1 ~ ·- t\ ~lj \ ·.t\ t ~I · Î w (.)AJ .J f' . .) u . ~ . r..j.J y .) u . 
~ (~1~1 ~~ ùJ~ i:..Jl.JJ.:ill i.} u.a.fol tA) w(O) = o ~1~~1.b_,.JJI ~1 

:~Jljll ~_y.JI~ 

w(t) = mrg t 
f z 

0(t) = ~ (mrg) t2 
2 f z 

:Ubùl ~~ ~~ :~WI ~ffl 

~ i.;'i ~\J-.11 r.Jc. ~ .ul LiS J = mrg ~ ~ ül.JJ.ll\ ~JIJ ~.:i~ CJ-4 z a 
1. LiS ( ) .. AJ:iS. . ~ :~ p x,y,z ~ _,J . 

lz = fff(x 2 + y 2 )p(x,y,z)dxdydz 

:~ LaS ~Ua....11 r.Jc. ~ M ~.J R ofa ~ ~_,i- u.a.) ~l 0-4.J 

lzth = !:.MR 2 
2 
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-, . -- ~ 

:J; )2ïl\-(lll 

:ü-a ùfo ~J (2)~1~~.JA4-:~I ~ ~1,i.),.,JI o~\tl 
~\.,,..il ~ü j~ -1 

:~jlll J..~ -2 
~ .b_,.•.:.,JI ç.l_*11 ~ ~~ ~ é~ ~ ô~ ~ J:P.YI 1~ li~ 

.~l..S:k...I ùJ~ ~~ 0i tJk'·"J <)ül4J ~_fol~~ 
:~"ilj~-3 

~y:JI J)\..kj\ Ji!.~ .J~ ~ '-i~J ~4~ tbt.i LF- ô.JlF .JAJ 
'~ ~4~1 ô ).lll ùfo 'JWI o~ ~ ~_fol L..i.a~ J \...JJ y .J~I ù~ 
Î.l;IJ ~ '~fo ~4~1 é).lll ~J .)~I ~ .J)\ ~ k;.:.,; La~ 

· ~'I w~ ~ · .-:<t;;1· :.51~1 l.l.1.l ~ ·- 11 . (.)A y . .. i.F J~ ... J ..?""' 

:~~~~-4 
.{3)~1 ~ ~.JA ~Jfi'JI J\~I t'° ~jj 4.# 

~_,~\ JI.la.li -5 

.(~ ~ ~) ~_;S.:JI -6 

: DA J.H JJ"i ~ ~AJ.J~I 4.JIJ (Jolly! - ( 1-111 

:~lûl,#-(Î 
\...U:..\ . _j ~.lll , 1- t . ~ .. ) ô \li...JI 4-i 1 ·.11 · 1& . _! • - ·-1\ . WI . -

_) .. ~ l,S"'-~ ~ _) .. J y L) ~ i.,;-1 ~ y:. ~ 

.(~~I feWI ~ J.;i.~ li~\ ~~I c:~I J ô~ J~I \.1\ Ù"'''"'J '~":ul)I 
.(3)~1 ~ ~.JA JA lAS ~~\ _>;,..WI_, J)\..bj'J\ j~ J...a-

(3 2 5 · ~ J\ .. · 1) 1 -.11 ~WI ., · - t:._ :.. -. J . U:H .. y ~ ç. ~ .J'T:'"' ~ 

.10s .JYx-JI ~\~_)....:JI ~J ~ ~JJiS.1'11 Jl~I ~ -
.~ _,ffe~I Jl.»JI ~ 4 \.!' .. ~\ ~I é y::i~ 1 _jl_, ~_;il\ .J~ -

~ ~Jfi'l\ J\.»JI ~ '(.).llYill oJ\.c} ~) ûly (3) û)\j (.).llYill ~ JcÎ -
é~~\ _;.;\I ~ ( -~ _11 ~ . ~··t'°~ .. J 

.r = 15 mm J m = 40 g () r1JI ë4 (1) JJ~I ~ ~Lill\ J5. ~ -
,ç.\-*1 ~Wll j~ ~J -

.~\ ~ Jcij 1.5yi..Î ~_,lj fol -

:~\'1-(y 
.lb J la ~_,~\ ~l -1 
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2 t\Y . hl .-: .. L .. 1... 1 2 · tmoy ~ (/J U ... r.j ~ 0.)J r..s- ~.) -
~- L 1\ • ~ .. ~ !C ' A 2 A r1I l1::i.:... ;._t\ • 1 ' 3 .~ L)A ..... ~ ~ .l.lC. utmoy .J uy.; ~ ' ~y:.~ -

J w ·Lul\ . .. ... 1 4 
· exp .. U ... LJA ~ -

wlj e-\j)·i\ ~ 1.fi.)-Q) j = fexp + /':lj :~I ~ j 4 4.,,,J''·'"' 4.i:~ ~I -5 
~ __,.lll r'L.l:üll wl~ J J~I ~ !J..j J ~~ ô .Jü:....JI ~I ~ ~jS J t\Y .li\ 

.( MKSA 
Y \jW J ,u-fuJ\ ri 4..9.) fa.Î W;.bU ~\ ~ ô ~\ 41.Jjll JA -6 

Y ~WI .m4-t:ü:L..:I ~ "-" -7 

~4\.jJJ~\ JÎ 9-~'J\ ~l.w&:J t\;.üu.~\ ~\.i~\ 

!:l] = !lm + tlg + Ar + 60 + 2/:J.t 
] m g r 0 tmoy 

At 2 = 2 At 
t 2 t 

• 11t = 1 ms J 11</J = 1°' /1r = 1 mm ' !19 = 0.01 (m/s 2
) ' /1m = 0.01 B :w\;h· .<i 

:ù--Jll ~~ ~ljll ~~' LJ-"L:i - ( 2-111 

:~\ wl,#-( i 
_p,.WI ~u.J at lJ.4jll ~ :~ Lo & lJ-4)1 t\"J~ ~__,ljll ~~\ 0"14il 

.(ae/J = 15° .Jü....JI U"l.J. ~.JIJ) l.)..Q_jÎl\ ~.)..*_,.JI .Jü....JI U"l.J. 'Y~ W ~_,..:.JI 

a0 
(J) = -at 

:~_,ljll 4.c.~ ~pl~ 
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/J.w = ~+_E_ 
w a tmoy 

/J.a = IJ.C/J + 2/J.t 

a </J tmoy 
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0 (de9) 60 130 200 270 
t1 (s) 

t 2(s) 

t 3 (s) 

tmoy(s) 

t,;0 y(s 2) 

0 (deg) 60 130 200 270 
!::..0 (de9) 

!::..0/0 (%) 

tmoy(s) 

!::.t/tmoy (%) 

t,;0 y(s 2) 

amoy (m/s 2) 

t::.t,;0 y(s 2
) 

!::.j/fexp (%) 

!::.] (kgm2
) 

lb JJ~I 

0 (de9) 60 130 200 270 

at1(s) 

at2(s) 

at3(S) 

atmoy(s) 
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Ch (deg) 60 130 200 270 
tmoy(s) 

At/tmoy (%) 

atmoy(s) 

A (at)/atmoy (%) 

w = a0/at (rd/s) 

Aw/w (%) 

!iw (rd/s) 

Aj/fexp (%) 

A] (kgm2
) 

(M = 0.829 kg) M ~\ J~ ~.fol ] th ~lb..11 r-yJ '-;?.fo:JI yl....i:JI :~~ 
:~'1\5 ü.fi.: (R = 17.5 cm) R _;.bill ~J 

' ' 

' 

• r .. : 

.... 
F 

.... ... 
P=mg .... 

F 

-1-JS...::J 1 
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.1 0 0 0 0 0 0 

ô 0' 0 CJ O' 0 0 0 

0 0 
0 &---·- 0 

-4-~1 -3-JS..tll 
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~· s ' ~' 4,it hl\ ~\ i, i\ .. .. .. . 
:.l:~I uJ....A - (1 

J\..:i...J ~Gi.. \j;j ~ ~\.SJ..J\ ~lb.li ..l::albJI · -:...:_ -:1\ aà ~ ·- -:1\ • u,. 11 • f4 "5 .. .. .. • l.).Q ~ ...r . ~ l.).Q -'(t-1 

J~ ~l.JJ .JA ~I ~ ~~l y_,lh.JI . (~~4JI J'+-a ~ Jl~La ~) ~lb...iJ 
~U:a.J Ecr ~\.J.JJ ~..?'- ~lb ~} ~~ ç.\.tl\ Jl~La ~ Ep ~~\ ~lb.li 

.EcR ~ljj ~..?'-

:~.J t;it\ i~I -(Il 

h UJ ';/\ . li\ J . _;.L '\ .. · .. L- · ~ ~ ·.<-:1 .J_?J · t .J ~ .JJ=l'-A ..? ~ .,,,..-. Ù:!:U .JJA ~ . ~ 
J_p. /0 _)l..bJI ~jc.J m ~I ~ ..::..Wl5. l~J .(JÀ}il ~~~ ~t ~ (~) ~~ ~I 

Ecr ~lj)'I ~_;.:JI ~UJI 'Ep ~l.5..11 ~UJI 04 ~fo E ~ ~~ 4-:i.ll 0.fi.; 'Lll.J.J.lll .JY-

:~ EcR ~1.JJ.lll ~..rJI ~UJIJ 

E = Ep + EcT + EcR 

-+-h i -+2 i I -2 E =mg +-mv +- w 
2 2 ° 

E = -mgh(t) +~(m+ ~~)v[t) = C 

Page 31 



dE ( 10 ) dv(t) dt= -mgv(t) + m + r 2 v(t) dt= 0 

dv g 

dt - l+__!Q_ 
mr2 

:uk ~ wµ v(t = O) = o .J h(t = o) = o ü_fa-1 \j}.J 

' dh g 
v(t) = -d = at = 1 t 

t 1+-0-
mr2 

g h(t)=~(l+~)t2 .J 
a=--

1 + __!g_ 
mr2 mr 2 

.ÜA)I ~';/~ EcR J 

:'3 J :1oïU - (111 
:ÜA üfiti ~J (1)~\ ~ ~>4 ~~I ~ 4J.o.i.11J\ oMYI 

.r = 2.5 mm LA.J~ ~ ~ .J m = 0.526 Kg ~ Jl;wa.Sl... ~ -1 
.(ÜA)I u-iY5l) ~.J ~.JJiSl} J\$ -2 

:~~ ~i..:.. -3 
.(2)~1 ~ ~_JA J~"il j~.J ~JJiSl"il ~1.w1~~_;;4# 

.h till.J';/I u-iYil ~~~ ~~ -4 
:~"'il j~-5 

~_p.ll '3~1 ~ .~ .J~ ~ f.?~.J ~4~ tbl! lJc- o.J'i-F Y.J 
.~ ~'-r~I o).lll üP ~WI o~ ~ ,~_Jill L.i..a)LaJ Wj_ra .J~I ù~ 

i~ ~ ,4..:i.,fo ~\.:~\ é).lll ~J .J~\ ~ .J)\ ~ ,.bi.:.,·, lA~ 
. ÜA )\ y~ ~ ~ ~ .Jfi';/\ ~\.l!JI Î~.J a_s yJI 
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!::,.s 
v=-

ô.t 

'~~l~_yJI~ V~ 
(!::,.s = 2r) ~I .)~fa .JA !::,.s 

.~y-411 _».6.ll ~ .)~\ \~ .)J_)A l_;Aj !::,.t .J 

.4.!~ J!~ ù~ ~~\ l...fU4! ù'i ~'il~ h(t) ~ . .bh..Jlj /0 4.llbJI r-Jc y~ lJS.l 

-~Lw.Uill . .. 
(3)~1 . q · ft& LaS · .-:<t)I\ ~\.Ali .. )lbj)'\ ·1 • - • • - ·-'I · WI ~ -'-.? ~JA .r ~J~. J '-' _)~ ~~ ..?. 

~ ~.JA .JA LaS hJ ~ ~lyi ~llil .h t\.iJ.J':YI l.;A ~I ..b_J:tA l;Aj l).IJYiJ 

.(1)JJ~I 
~ ~ ~yJI ~~ ~} ~y-411 _».6.ll cj ~ .J~\ ~_,JI~ ~_p.:i.JI ~ -

' - ·-'I .lAl..::JI .~~ 

~1.»-11 ~ lJ"IYill o~l.c} ~) .o~LlJI ~\ ~ll )13 wly u)\j l).IJ~I ~ ..)ci -
.(~I ._; ~Jfi';fl 

.(l)JJ~I ._; wL..iYiJI JS ~ -
~ "'-i).!J aexp ~~I t.J~I ~IJ l.j~ '3_.)J ~ h(t 2

) ~\ ~) -

. h(t2) ÜA y~I a t)-....w.ll 

,,..u......._i .... Page 33 



.h...jWI Â.llbJI rY- ~ ~)lJ ~I 0'i ~ I0 exp ~Lb.a.li ~j.L\ ~~\ ~\ ~JÎ -
. h(t 2

) 0-4 y~\ Io 

~\.1J\ llI0 fol) /0 = /0 exp + /l/0 :JS..!JI ~ ~'J'' · r0 ~fa. I0 ~1 -
(~'"JI .lll \.! l \,... · .. ( .":\\ . ~.) ~ ~...)""' é4 

~yJI ~1...bl\ 'Ecr ~lj)I\ ~yJI ~Lbl\ , v ~ _;.uil\ y~ ~ (2)JJ~\ YJ,.ai -
~Jt:.J aexp ~~\ t) ..... .1ll ~ 0-4 JS J~y Ep ~\.Sl\ ~LbllJ EcR ~l.JJ.lll 

· Io exp ~Lb.a.li 
.~)\ ~ y~ \ri ~1,p.. ~J é4 EcR(t2 ) J Ecr(t 2 ) ' Ep(t 2 ) ül;;.,. i.all ~) -

! ~~\ ül ,;.... i.all I)~ ,·\.Q LI:ili 'ui ~\~\..a -
.,.. i...,r--.,.. .. ~i..:.,.._ 

.(Ji\tl ~ 4j)lj) ~IJ ~i ylbc.~ ~~4-} Jk. -
.~~\ ~J 0-4 ~ ~1 J,.al_,...11 ( alï;. .a~ L;k. -

t::..a _ t::..h + 2!1t --- --
a h t 

M 0 = t::..a + t::..m + 2t::..r + t::..(g-a) = t::..a (...!L) + t::..m + 2t::..r + t::..g 
I 0 a m r g-a a g-a m r g-a 

- <Û..aJ 

Ill = I {D.a (L.) + D.m + 2.:lr + D.g } 
0 0 a g-a m r g-a 

t::..Ep = t::..m + t::..g + t::..h 
Ep m g h 

t::..Ecr = t::..m + zt::..a + 2t::..t 

Ecr m a t 

t::..EcR = 2l1a + 2t::..t + 2t::..r + M 0 

EcR a t r I 0 

. tlr = 0.01 mm J 69 = 0.01 m/sz' .1m = 0.01 g 'l1h = 2 mm 'flt = 1 ms :ûl;b• 4 
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h(cm) 15 30 45 60 

t1 (s) 

t1(s) 
t 3 (s) 

tmoy(s) 

t~ovCsZ) 

a= 2h/t2 (m/s2
) 

T~ (kgm 2
) 

!::.t/tmoy(O/o) 
t::.h/h (%) 
!::.a/a(%) 

!::.Io/Io(%) 

-1-JJ~ 

(~ &WI _J~\ ~J u-k ~J ..loi! ~fa~ o_Jfi~I ~1_,.JI) 

h(cm) 15 30 45 60 

tmoy(s) 

t~0y(s 2) 

Ep(kgm 2 /s 2
) 

!::.Ep/Ep(o/o) 

l1Ep(kgm 2 /s 2) 

Ecr(kgm2 /s2
) 

11Ecrf Ecr(o/o) 

11Ecr(kym2 /s 2
) 

EcR(kgm2 /s 2
) 

11EcR/Ecn(o/o) 

!::.EcR(kym2 /s 2
) 
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-3-Ji -1-JS...tll 

o ._I __ __. 

0 0 ô 
a a o 

0 

0 

-2-~I 

J.i~I c/-Y. 
(..i:..:=JI ul ~) 

Jl~Lc.~ 

JI -. C::Lc. :i..h&. _,...... . _)J=>--" 

;;~\ 
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