
dM ^J

^jby^f MjjiMfi ^i^t tOjyf ^jlrf i;^

J—iJi (^-^- ^)

<w--~j ii^ j:^ LffcUjiUa^ of i^jji aJUjj ijj^ oJj>-j . A_^jf iiSw*j U .•.,..

.iLSUj UlS 'fjycL^ Jl^l of^ \jjShJ ^^^^\ oUiNl OjJakUl ia;>. Ul^

^j . v,^5Lidl Njji^l^l oljLiI o>yo N uwU^I of/Jb-
?
J^l li* Jil ia-kidi

.li* J



(^-^)JS^

.UiMli^Lil Jsi^^'^^S JlCJ^jOjJbCSjv-iUl JlP SS' ,
CC

^kii O ^^;$cJ . Sj<iL. J^p oj_^^ *L^yj^ Sj-iL* *L^y (>^ "^ li-^' 't/^'

eLljj ^Li ^liii.0^ .-i^ . oLilill ^L-^ J~ko ^y>-_^.
^^i lA* ^tJL

O i^^ljJlj OS ,OC^^ ^LJ ^. \si.cs jj_yi jt t Z OSS' ^L-^ o^.



Jbdlv-^.^lj^Uil : JUUJI jijl:^

(r.^)jsLs (r->)js^

jVl ^;^. . ZCOS = 53°J JL«t f ^jjL^^OS j J_^ Y c^jL^. OC jt^^

jt ^y:::^ t Uj^l iM,Lwi4 ;^-Lid! oLiHl jl .i^j . / CjOiSi = 53° MjljJIj

. ZOiSiCi. =(05C ^^t) ZOSS' J ZOiCiSi. =(. OC5^^t) ZOCC

.;jLiicJL^iis:Aj(i_ ^) js^^i^i

J> ^ i ^irUJ> ^L^ j^^ jbjL^ SS'j CC UL^I . Jl^l ^ i^_,_^

( Triangulation ) vlJbll :^L^I (Y- ^ - \)

cr^ L,>" l^~^ U ?U i,lj ^^ .4^ . iJUxJi ^j ^u!| ^ ij^ ^'yi



C^l J v^Ujl J>)1

(i-^)JS^

Aj^o5 jioc^>JiJa^^ujLp .(e_^) j5Li>;i tAijL^*i>rf Jlr-^

SjjjJi jLu>l JlP uJbUI Ji^ X. jilJuJ . Z COS i^J:^^W cjU:pI o^. 0^1

^ L.JLP . (orj^) LjL^ 1*3;- r"\ • Jl Ja-^l r-i; ^ii I JJj ' ^J^ ^"^ •
^^'

U-^ ^^ J\l^ji^^ LJ^ iiUI oljj~iXi ^«-: v^->y S^ iiSdIj J^^f ii:> J\



Jld.1 v_-.^lj ^UJI : .ilUJI j^_jL;^

0.\)JO (0-\)JSli

oi
. oUjj iwjjU?l J** ^i^*^ ^^j^ oi^_ il^ ojU^I ^^ ^^JUI .t^jUll

JUf J . ^^^-^w. jJ>\l^j^j, UI_,jJ| ^ J_^f Ji^Vl ^L^- jf ^^1 ^.
«Li U** J!>L-jf J^ U.> i»iai ^Li jl . L-J iaJi iJL* UjjJi ^Ui ^ i^LJ.1

cy o-MJi ^ij^f of J Ji*i" t5>-f i^*-^ . uii i._ji^ i*kaJi j_^" of u-4^ . iiisi>j

• c-J^—' -^ (i** a* j^^ J-«-f L-Ui^l o-^

. oliliil ^L>:,o BC, AC ^JjUl ^U>- ^.hr,,.; IUj BAC, ABC oi::.^^ I ^U j^



. ojli j:^jt
J-15

JUL ^^ ^. .iJltJl ^_^ij ^^Vl IJ^. . (V - \) JS:^

jl .1-^ ?^jVl ^jp^l JL*^ ^Li ^^. .45 . *lj_JU -L^j ^jVl iij^ oVi

oJLpli Ja>- Jlr^ '»j^^ Jf hy^.^y V^ ' Ir^^^^ i^- ^ **^' '-^

^'
'
«' Uji^b^^ **LJ.I ^U^ L^kL-l ISI t^ ^ijJr' • (A - ^) J^ Ji^*^

^^ l>jL^ 9 AjjIjJi cJLi:j (^j^l JjJs) o^jVl jJa- J^^B iJL-II Lv-^ lil

. ( e Aijii^l ub~' ([v^--' t OA >iJl ..A^ Ij^Jip lil ^^-i^l^jt) OA ^L~^ ^^1

.45^j . AB :L,.,a-,..U iJL-Ii <_.>->J t OAB Oy»L-Jl cijL-J^I ^i«i^l o^J

a' cJy»J li5Uj t OAB .Ubll ^^ ZOAB ijljJI ^L-^ ;_^. ?
«' ^--^

^^1 Jl >JI Ja^ I4JU*, ^^1 AijIjJi Irl ^ « ^-J'i^l ^ U ^j . a ^> U^

^^_ . jjUJi jJlo ilLli ^^, ?t5^j_^l iiJ-l ^j^^j . A x;p ^$i,-»JJl iaJ-l

jSUii of JJ a:u ijJj tSJLpUJi Jas^ ^y>^ N ^t ii^N .PcyP' <^J^ ^^Vi

. ^jVl (»jr.>-j JSLi oyw (.-^ <_jr-j j-a)i A*. ^\J y> OjtJUjJl



Jld.1 v_o.^lj ^UJI : .iUi3l j^.jl:^

(A.\)JS:^

Xp LJjU L-.Li -Oo B Xp i8 L^i ISI t ^j*AJ v-^^^ iij>^_j^\ t U*' lib*

o ^U v_^ 1^ C JLp C jJij" jf v_^ .iJlid! . ^i^l J-^jA, B, C, C'^lj

JL-ji jjiUj ?A xp^VI jj,<ai«-iJi ,_^-^ j_ji« B jup ,_^-^ ;5-DI >-J/«i ^-!^ j^j

ijS^ ,_r*Li JLp iJj^^>JS ij^j ' JLj^i Ajcsi) Ifjio AJLJkl cJlS^jJ ^L^a^ 4 w.iljj SjLil

ei'yVl ol^^ t^jLo BC,AC ^'::^ jf^Jb- . ^^iS:^ JjJsf SJipUJi Ja*- jjS^. jf v_^

|1
Aif Uef /Jb- . JiVi JLp JL.VI oli. SjlpUJI ii>- J> jjS; jf v_^ lUj JL.VI ^>.

jjX»j j,ikijl /^ 6jL>ii Ij JiUj jf ^jwLJJ_JI JLp t—»>y JLa! ?i—ajT . L_^JLp Ij-..LVj (^^SJj

(»lil (Y) tijiJLJl (^) : B,y4 jUp io^ybljJi x^jf ^Juuj.^\ eij—>- jl .(^- \)



IJLL ^^j jLJl ^jVl S^-joJIj <JJ ?jjijiJbJij Sj_S^I JJL. t5j_>-t oLilj-sy oL.l(jjkl

tJM[ jyu oliit» t_jL-?- jjJjj olilt» t_jL-?- JL>-jji "y olilili jj-b <^t JUj aLc>«j jt



( Aristarchus of Samos) ^j^jls-ijl ( \ - Y - \

)

Jjjj j'jLLi JJ r \ • Jij^ u-^r*^ «jdi^ J -^j J^^ cs^j cT^^j u-A'^^i^ijf

y.jLi- ^^ j^ *:t VI ^jVl^ ,_^-.*jl!Ijj^l (^j*^ cJ^H". (i cr'J-^J*^=--iJ^ '^^
t*

(^j^i Aaikv- .-a.^; oli iJLIj Ui l*j-^ jJLwaj V 4_;V s^U^Y' J cT**-^' L*'^
-*-*^

(JJUjj^l «k- .-a.^; (>• ji^t .j,^ l^ili IJJ) l-A^r eJ--»V j--»-iJl oV ijjijju j_*iJl

y>A (^t 5*L,io iJLolS' SjS' ^Jue^ (^jj P, JLJ^ i_iiipi ^yii^\ . ( \ • - \ ) J_SCJ. jJaJl

P3 ^^1 JUPj . SjJIj ._i^^j^ J_$Ll^j_*iJl (iji -lJ^s 11! . iJOill i^kll ^
. ^1 ^ ^J .^1 .>l ^ JJS^ 0> jLf ^y^,

(^ji V P4 ^jil a* •J^ <J^. j-*iJl Oli Ja^ .^jr^l *>i-l iSy. 'A ^-^^J



p^l J i->LJI J>)l

^r->-iJI *«-if



ME
SE

= cos I

MyJ^\

d ^*g»wJl

^J^Jji Jtli tla>- t^f ".i-::^ °^ * (>« <riy « hj^^^ • uirr^ ^y- 'Ci^ cJLS'^ . L^

j^ t-a^jjIaJl Oj^ (^ -Ij-J^ »jil /*i^"-~i
"^ iais^^laJLi LJIj . oj^_^ »JJ-^ ^-^«~^'

tC-jlij_^jVl j^|^j;JLPj-kiJijj_;-^.-iJi *j>«^ ol <^^:5-jj^ >-i^ Oj^ ti'ii*' j->-dJI

. OUjVl A-J^ J j^i jj^ J-*jt j_f,w«-lJl jtj J_^l (>^^

( Eratosthenes) ^j^jJL-yl^J :^j^l^ ^ji^ ( Y _ Y _ \)

?^jVl^>-a^j^ U :_^ |.lil JI>JI o'i/l .^jVl



. (j^Jaill Xp ,_jJLJI ,j,d«j i>JaJLia Lf;^j la....^lLi *->j^ C ,;,1 L,il aJju ^^^so ?5«_j>»-,<9

,JI_j:»- j^ tJ^^ -"^ Lftj-raP j ij:^ (»-iapt CJlS^ (_^ij o^;^^-iJl 4jjJU.^-»VI S-j:^ uv'

ijcjjAi of (^t . ^_y<Ja* 5yli^ '!fry> ^•J-Jl J ijjJlJi^Vl
^J[

(Ol^—t ^y*—J oVi)

V-L-Vi iliSCtll . ^jVl^^AS Ji«j 1^ oyc- j^^Sl-V ^yS\ li* Jl^ ^^Ij ^jVl

• 6 ^ijljJl -li>Aii La

(\r.\)jsLi (U.\)JSLi



isM
^J\

^>«.>t.ll iicit J^ la?- \ju^ \jj^ jjL- io-u J (l)t JLkj its' ,_,-.j±-j:l^l

IJiJ . Uli «.|j^l Jiw-j J 0^ (j-^o-iJi t^[ (>«-<»-: • ^^1 fLit JjJst Jj ojv^l cJj J

J-. Jit ^oi^l J. . ^t^l> ^^..J^ J^ Jit J^..L^ 4_pL- J[^, }.^L
oil \Ss>r SJLxj ,_^,>*-l]l jl ti-->-j .

7°12' Sijl^l a>-j JLdJ .^^1 cJj JjO^d j_p.<.-l]J

i*-itolti-~- .(^Y'- ^) J^^l JOir«>*lc^^^l^^-? • ^!j-^' ^j'j^ W^^*-^'

Lfl;,^ Ai4j ^ = 7° 12' oil . 4jjL-i.A jO Xs- S^ljdl UjjJl oil ijl^ ,j-..<MiJl

g = 7°12'
1^

360 " 360° " 50

(jt (^ IJUfcj Lili- • • • j_5jL-jA5 j2;S^j . ^jVl Jv' ;y -L j_$jL-j A5 oi|

L,^l^ 250,000 La^ ,_i^_j L.^1:^ To. , • • • >jVlV
277

olS' cJ^I ciUi J iLkjoJil (LjiLi-) ^Ljiil ol jlj-j j^ j^t Jl*; ^[ JaJ-l ej_J

!5\i»i (>l-liit eJLP 0_^JL»j«I~j ij\JUjJl (j^j LJ^H L«-li> ^ • • (t?i'^L~^' • t5*i (.^~r~^J^'ji'

oU JjVl UJL>-f lil . LiJli ir . , A i^^'^l Cji^l^ Ic^ L.J-UJI Uji 1 . V 1^1 cji^li-

250,000 ^607 .f^ .,

-^7-^5280 « 4.600 miles.

.j^\r,o_;diJi^

^^1 ij)^
ifljjkJl . ojUJl i»iaP yjA JlL ^[ IJLft ^^j liJi jj-J

^_^j.'>t>..yljjl k_jL-:>-



( J.M ^j X^ (_iw^l »U J:>-]j^ fjj ijjX^^Vl ijJU (J ?^j.~JJt.^l^l ^^Jivill li«}»

(J--5j
lit^L^ />jiJl ^^ cJLic>- Sj^j Jt J/f . <dLiU J.«jC:~-Ij o^rJ«-,<» L<iP Jt Jas-V

4.>»<l>".« 4J^oL^ (V _ Y - ^

)

fc_j^j jJliJJl k-j^ jLSU jj . *-ijy> *^1 ^ L» a-pL>J1 4 i-S-ii-l J . cJjJI Luknj

cJpl Jjf oj_^^ _ cJpl apLJI jJl^ L.j_:p . ^j.^<>.>l!I JJiJ J-j-Ij VJja U oLc-LJI

iyu At^j-oA: *i J_^ />IjVI jU ,_^~«-iJL! i;--Jlj jj^jVl jl^ j^icj Ujuc- . ijWl («_)?«JI

. SjjjJl

jj^jVl JljjJ j_^ JUixj Ujj;>-j ij-jf ?|»j^iJlj ApLJL. ijal* IjcJ^ LoL-s- C—Jt

SjJJl ^ Jj'Vj ilLjb .jL^I J (">^L; «.| JLLfc'jUj *Jj-al)l JL-;J.J>.l] («>J>Jl i—IjJj

fji>* ' ( Sunday) Jb-Vl pj : (t-_^l^l) SjLJl (>j?»JU ^l>-
cle^y*! ,_^ i_iJ_Jb»jVl

pj 1 7«ijll ("jjy ( Tuesday) ^C^l .^j i^^i /»jijA ( Monday) Ji^Ml (>_)i
t ^_^<>.^l



fji Hi JLiil ^jj^k ( Thursday) ^j.,^\ pj tijUap pj^fc ( Vycd/icsda>') *I-jujVI

• cKJ fJi^^ ( Saturday) c--Ji pjj Syk^Jl pj^b ( Friday) itj-|

J* iJ'^i ili*. c-TI^I oljLw. cJlS' JOJ . o-lj^ ^yu "^ \J,[j^>^j ij^>^ J5 c-ii

. OjJUjJl 1*1^ 1^ SjLJl p;^| JL* . J_^_^l jlLJl 11* J (.UiJlj oLjJI y> .^

cr^ j^' v^'lj^l of Ji^^ . oU oljLw. J j^- l^f^ _ ijoUJi p_>Jt ^^^

J ^UiJl ^a*. f^jyui. ^ ^JiL . iL^ ij>5 ^\ji dju (oWl p>^ i^L.) ol^i

r^ L> ^^li^l Jr^" 5— IjJ^
. It: J:^' u^. ki" *W^*^I o^ -iJl-^ ' 4 i>,.k!l

OLJ^fl (.^1 oJapf JLiJ . i^l J ^LkJl vJLJL::^'^ o'^^LJ.l Jjt j^UiJ .iUiJi

J ^Ql J-*.:lJ>I ^;^ 4j| . LjiLi::S'l ^^_ ijijfj jy\ji x^^ 4_;f ^j 4_*JiJl S^^l

. A^\ ^jj 1^1 _ oJLa Ja:i\ l^j i^\

45> ip:-t of v^ c-TI^I d^ (i':^\ ^ryy -TM)AristotlejJa^J jJti^\

oi . iJkdl i^'lJl iS^I ^j iJUu 4_S>^ iJ^^K:o of v^ JUil .^^1 b% Mj/

. Al^ ^f lA ldi^\j oLjjI I---—J ijia—jf . Ij^^>»-^ i <!j-,*L>t* (j^J 11* (>« «-iU«-^

Jlj-Jl
. v^l C^v^f oO*; ^^A '>-jf J^ ^^->-> i!^'IJ-il V^'lj-^l ^^

ijj-liy ^yvJ* j-«f jj^jVl J^jjJb- ^_^~*-iJl o_^ ^liU J_^ i_,j_;ijJl L-Tj-J-I :yb

cry-**^ J-:^ o^ ^J^ k^lj O^W^I J—J U a - n • ) Hipparchus ^jSj



r.jL>i\ J i-^ljjJI Jjkil
\'V

J iJ^>o. V tiJUl v^jSai JvJUjJd v^U I JU . JwJL 4i>JI J^Ua: (1
4Ji^!5UI

^^ .::^ ' ( ^ i - ^ ) J^^' j^' • ^tj^''^ oL^^ so* ,>- S-^s-^ -^.^s'^ o^- spi^

UjS> Sj_Sij J jjju- G oLi G jS>^ Sy'lJLJI J_p-P jjjb- Uxp . Oi^.ylj u^y>- v^V

. ( epicycle) jjjJS dUli |_^»-^ ( G iJaaJJ L^l <SjJ^J tij-^'^) ^ ^-J*^' j'—• •
^

J^'iy_,Jb- JJULiJy_,Jb" dUli v_j^ JLii t JSL2J-I 4-:Sj-ll i^jJ-l "-i* (>lr (1
'i' J^J

J_^P jjjb- Uxp . iy'lj olS> Ju^iL'^J L* . ( \ - \ ) J^>it . ii^"^ ^lij^

i^ ^iJ i,^ ;iaiJ| eJUh . C jSjll J_p-jjJC;/? o^i R J_p- JJ^ V-^ G-> G AA'

« Jij Lfl*^ i-JlS' ^jy ^J^ (J--^^ *-^^ l)j-^ 8J_i« A-^j-ii\ J-«»«J •
(t-LJl

. jJiy-l >c. ^aHIj ;J^i*llj iLy^yW oLsi^l ^_^
i*^l iJL*Jl oL-^j-i5l . JSLSJ-I

v_^l^lj jj^jVi OL J_^- ijkJi oi* . ^jS'jli-ijt 4j^ t i~ib-> ti>-t ij-t; j_^ii

VI i3li:i %j*ll jJiy-l |Jk« ^ jiJ i^i oJL* ot ^ . ,j-.«-^l Jj:^ jj^' ti>^*^l

(^e.^)J5Li (^i-^)J^



(j^jLii JJ Y > Y - yAW) Archimedes ^JL>-jt Lijt Lfsiij ^2i t ^v^l (>• C-^j l^it

. (vjJiJi J4*JI J ^JJtj Jl}:h t^lij (Jipt

jA JjVi Ji j-Ji ^t . ojj^Ij aJ j^ (^jJi (jii^i jj^ tjL^^i ; L«jLj^ ?jr%.j^Vi

(jt Oiuj (jt ^yyJaJl ,>« ,j-Jt t ^1-...^Hj i?ljt k_jjli J (jj_Si L«JLJ^ ?Jj_A«ii JI J-Jl

Lft)S^yi i^ c Jt ?(,^Ut ^y iij>^. tiJJl bjjli (j-Jj l^L«t^ i^j>^. oij>-'^^ ^j^

?^j-.*aJI LftjJyi i^ j^ ^^'^^^ t^l ^J^J J*-"^ (j^J^'

<-lj=^JJ-^j-^' ^-W^j) ,j~*-iJl '^AkJ iviy^l ^jSjLLwjt ijjJaJ ^-s^ji ( > V _ >

)

ij-^ji^ (J-r* (>• (j^J-^jL^^—U' cL-iaJ '-ft^-'iT I (.Uy j_JLp i-*-— Jl_p- J_*j . (^jVl

^/ ^^j ^^ik.jJa--jt JJU ^"^LpVL jL^-iiv-'^l (jlS" . ( > ir - M Vr) Copemlcus

Jai—t JL*j (jJ) j_^_^jLl-ojL ^jS^y^ JL^-»^I OiJ IJJj Lj«>jJa-»jL jL§-il-Ml (J^Uj

l^-<as»ij l^jli JiiJ . LjiJL::^ ij jj^^^jlL-ojt Sj^;!*! ^j,SJiy^j^ JliJ . (IJla o^l^.t.'>.M»l

oj|u5' SjJLp ipU«-i li ^j (jlS" Ait /u» . (jj^p^-'yi oii^l .JijIJUbULy AliJUblJLa *j-^ J

^Op Sjlpjt i^jUJl (»j»jl5jt i»(jjt j;v_JJ (jj_ji "^ ^LJI (jt JL«i (jlS" . IjJL^ (jlS" 4_:t "^1

• ^^' (j^'> (J^ 2^f c*^ *^ uy'J^' *^ly C\i\J^\ j^ ^\jJa i JJj li'jUi.l j;^l

iijS'yi ^IJLil (jt oLo^ ^y::^! J-aJ t,_,-.*-iJl J^^jj^ t_^ljJJlj ^jVl (jt f-l ij

.^jodl iJ^t y ^1 JI ^lai N^
1^1 ,^jVl SijS> y J^tj JJ^t ,,.>^l



p^l J i-^LJI J>JI \A

(^,^.Ji^(.lii;)(^•\-^)JO

(^^ji^Lwji i^) (^v.^) JO



o^^_ft^l jljL- (i-Y-\)

Ji ^1^1 j^l J^U i^JJlj (Herakleides) ^jULJI^ i^ji 4_,^ jJLjb

Oii Ua-y o>; cJl? . Uif>^jf JU> Irijj (Plato) j>^(if JU> JLJb- j_4J . it)Uil

*^J a~-^' a- ^J Ic^'l^ Jj^. ^fj ^ i^iUJl c>>aj i^L jLSai^ Sjr-^. -^f

(.L^Vl ^j . ^Uil ebiVl J .Ja^ CL^fj ^,..^1 oL^I J 4_p^^ UL^f iSj^>c.

<S%>>i\ li* J ^__J|_^ U . iJilU i^'li 4_JU. 4_S>o iJ^.>C; 4_JUll 4_iJ^I

bit Vf • «jr*l^l «-i^ a--^>j^ JT-^^ ^ ( \ A - \ ) JS:^! J1>JL ?i5^LkJl

Jii V iJiz.c^ cJ^ jfji^L L^'b^ Jy.jJl jL>. jf^»y.| cJ^i J

. i-^ ;ia. jJUi.| j.Lk- 4:-^> jfy. ^jii .^1 . ^jO^I^ i^i^ ^

i-ljo. foJ ?liA>i!l ^^^ ^^ ^j^ :^r Vl> jjJ:. IJL* ?^^..^| J^ s^jji

.(\^-\)Js:jlji



AjJUJI J <~i>\j}\ JjUl X«

jj-Jl oytjjl

(^A-^)J^

(>^->)J^

5E

: jt Ufljf Ja?-V . UjIju J SykjJl ij^sfcj Ux*

Z S£V, = L S£V,'

Z SEVa = L S£V^

Z SEVj = L S£V^

ZS£V„ = ZS£V„.



y\ JUil ^,^l_, ^UJI : dUiJi j^jL-^

ji\ . ^Li" Si':> -Ujj y jlp SybjJl jj^ UjLp ^_^Jap il^ ^1 jIjj; a tjLs«a::>-L

iiiJi ^^f l^ a^lj JS- V3V; , V^Vi, , Vi V( iJbdl jUjVl Jb^ ? V„ j_^-

^_yJi*li l^i*J Jb^L-7 ijljJU iJU . Sy'lJLU ^g.1 ^'L^l 2-^jJl_^ £V„ L^ . 4jLi

SV„j5Vjfl^(Y..\)JXJiJI>:l .i^'lS SV„£ ^ijijJl jj^- UjLp a„ ^j

S£ °" SE

S£
san «™ »^ -jf -^ *^J sin a„ = H Jii .i^'li ijlj Z SV„£ jf l^j

bj^li jJaj^ ?olilsll <_jL«3-j i^a;jLl »(^jL. la—;f J|j*i-L <Uf- ^j5C<^ U L:>cPj

-Up j_^ U-Up
*/*i^' V'j^ ^W* J-''***J "-^ • flL ^-ij'j-J' ^-^ 15^1 Tt'-^^ I-^



. Pji JL*j Ujj (3jjJtJlj >-J)^l -Up 4.»Jar.,« SJb-U oL-Li Jl_>-I k_^ . oJ_?-lj 4_la?-t5L.^

iJjljiljJl i% ^\j^\^^^j ( > n • >-> in 4 Tycho Brake) ^\j>jJ^\^

^1 0^ J IJla 4^ly 4*ij Xai . LJljJU- Lj:-Ij_4j J--a!Ij eJ^J:^l ^^IjVl .iALj oLSj

dLi jjJb . /«.*l>Jki^ 4lJljxJl ^l I Jlft t^jtj ,_jsai >_iL *JJLl-.lj *ijt lf>-~; Jii eJjLo

J^ L^ • (t^^' -^ r^ '*^*^) "^^^ r^ ^Ic^' ilr*
'^^0 >i'jiy-l 4y> iL-LJl oi*

(_--- ^_jA il^l eJlftj (>j-^>«^ A-a.i, iJlj ej_*l~II ^Ij-Ilj JUJLi i_a*-i 4_jAJ ol5' i JU-

eJbJL^ i_r-i^ '^^'-•A? 4 j>*^l ilaALj iiijj i»J*-^ V'j^ '-'*^' *'-*! p|
^""

^ ' tjij"^'

Sj_^^ (JLJIj dLUJI (JLJ t^jJ-l ^^1^ |.L«-I Jii: |.liVi oJLA b:l .iJl^l J SSjU

.oIp

(Jlp j 4_^>U:-Vi ^1/ cJ6 . \J^ lJ^_ii ol^ ( > nr •-> oV > 4 /^e;j/er;^
^j j»,^l JU. JS>- i-l>l eJLA 01 .l^j v*t^ cJl^ *I^Vl i-lyj tiUlS ciiUJl

JiSj dJLUJi jjip i-ljj ^Ik-I \JSJ»j jv-:>:Jl ^y 4jy Js,}4 J—-"^ -'^ iclUiJi^

. SijJ-l S>JI Jl ^_pi oj^l S>: ^ JU:::VI Jii -Jl^pt ol . L.^ ol^^
JL^ JJ . 'd\y^\ lit: ^l::^ J f77ie Wa/ers/ied; (>»li5l aJ-I Jc^j^ L^w—j ^_^I liA



jjSU:-
(1
ajoJ Sjllly/ (.JbJ . ooJNl ^ Ui>. 4;Ll::J cJl^ Jiij . a^,xJ~\ i^JbJl spiJt

Oj-b^;ijJdi iJ">Ut r^ jjiSJi t-»y^ Jlij . iiJb ^J.\ jL-. i-ft^j J »tJaj; jJlS' 015"

^jLII oL iL'UJi i>.-iJi ^[ J-^y 4 iLiU iljUt D^ <yjt a*jj il^l j . ^gj^
t

jj ' l5j=*-' oL^yjL:>-N aJLL-s- J^^^i^I i ic-Uw^ i>LiJo . J-^aliJl jJ-l j^-p Jl»j

l5-^1 (J (j~»-iJl ^ '^-^ tijI-Arf jL—' j 'Job'-* j^ hj-^ ^j*^. hij^ "J^ iULsJl

jj-b t_ii' ?t5j_>-Vl OjJ ojjj JULP ^>«.>t>ll Oj-Si t-iLS' . JL-i'tJlj A_c-Jb dJla . «»—:Jj J^

Ol .
Uu^\^ OjSj U J_*.t I JLA . i^uku 5j_,_^ jjJai; (JJi of ^j iJilsU:- S^-So

sai^>: i^j Jij ^UJi ji u;^ j ^^- ji ^jf ^ijLUji J ij^j^i i^_^|

Morris Klein, Mathematics:A CulturalApproach,

Arthur Koestler, The Sleepwalkers



tiyu ^iJU^ OipL *jUyy j^, t^JJI jl d~>- 1-^- v-~-L« jo:-Vl v-^bSCll IJLa jl^

^_;^i<>iit JL*j 1(J . SJL^t i,-a-; iJyi <u5CJj iiJU^ cJlJ A-J-p t)t *-srjJJ l-i^r J-siiJl '-Jr*i

^J>li- (•\-X-\)

J_^ Aftbr.* 4jj_Sb i-S'j-a^ (^j-i.M.U jj-i j oIjj-Aj (jA; j'b ^j-^' "^^ c5* ^-r^^ j"

Sjb-lj Sj^ ,j-..^l J_p- ^jVi V jjJJ (^JJI CJ^I JjJiSj . ^jll il- ^_^«—i ,_;~*-lJI

^ ^jVl ii- of ^L-t Jip ^.^1 iJ- u:^^. ot>^^ ol^ J-aJ . ^jVl i^y*

^_J>lj ^_p.^l ol J^ IIa ^J^ L«-J^ .
°^ a • Irt^i ^LjliJl Oj^' iJa:^j ^jVl ^



M j^V SMJ ijl^i iip^l ^^_, .uiVl^ J SM jl:>_^
.
OjJbi. u^\JG Oj.

^ Xki«;P jt^l ^jj^j\ t iyl^i 1^^^,—; ^-^^' (»-i* LupL- *_jjL^ ui-JL^^

.^M jIj ^e uii «%JI oi* JOJbiyk Tm jojbi asLL. ^L-t ol ? Tm J r^



t**"

'*'o

(Yr->)JSLi (TY->)JSLi

jjj^ L. jiP/yj (Y^-^) js:jLJi ^ ^. (YY-^) js:^i J ^^i ot j*U::J

liJj5M;p^^^t5£:Lp^^j Af, (.J-iiloLSai^tj_-;^ljMj4^L

^^r^^) a iulj jlAi*j SE jjJb L.Jl:p .ijJlji li* jt ^>J . "J^li jf "5^-^^ Af _, £ J>J;

.bit . ( Yr-^ )
js:^i J i^^ ^UjVi ^^JW '^^ -^ •(^ *i'-^' -^ '>' o-^'

. S£2 Jl*ii^lJ»^a' a \j\}i\ Jj^SE jjJ: , SMj Jl SM, ^.-SMoljji

Jl iljJl Ja;:^ :^5M jjJb c uiJl=^ uJ^^' 0- 5J^1 *l:.*t . ( Y ^-^
) J^:^!

Ji^*^ oVi

oL- iilJb JJ ;Jul^ -ojji^ SE ot Uet j-TJu- . a L*,lJ_2- 4_^lj j^ ^5? t SMj

.
360° + a ijjyt jlaA*jjjJb5£;



rv

jt a*i liJj SE ^jVl ._.>. ^oio S^L. J.LiJl ^j o*. : as:jiil Ur\A ;^.->^l

ijU^Jl o^;UJl oJlA J ip^laiil ijj\^\

360

360+ a

360

OljjOJl iijlj ^ Lj^ jljjjdl ^yj

(^)

..^1 S^l

TV

^_^l

e->'

c;^JiM

•m

a

360

(r)
Z. _ 360+ g
r. ~ 360

jt Ju>J
,
^jVl oUL^'^^ O^J icyj

p
1 +

360



(i>Jl J iwiUJI J>JI

1 +
•m

JL*; . El JU^ cJjJI IJLA J j_^jVi ot j^jJIj So CoL'

y

,-.5o

(Yl.>)JSLi



^y <-J\j, [^Xs> obJI jy^^L J^Vl AJlSC Jl :5^. ^_J.I jf ^ ^^^^L . Ej

• u^J^^ y V^U L«^ oliJI p>^ v-JL^i jlSC J o_^. (^.J.1) Ajf VI ^^..^1

^^^^•c>Cr^. Tj, a*.j Si' ^Ij^jVl^ioliu-l Jlp^.^li^JjJi J

.1^ jisai^ J Ajf (J^ Ljf VI Eg J El J^jVl^^ly.UJUp4ii:at^Uf

^jVi uj>J ^iji^ji ip^i ju j.^ r^ of 1^ . dUi ^p\ ^^\ ^k,.„j

o>-~ ^-Jai^
: Tj, SJLiJI J i^jj«ll i_r,ljj| ujL-^ ^^_ IJUj L^JA_*yLc.

£,£2 SJ-pU)I J> oU c^jj^ ^jVI jI juj_y ^^^ jl ,t^j . ^ £jS£2

.
S:>a^ ^^ EjSEj ujiUl ^^jL-dl viiuU sopUJI Ujjj

VI ^^"^J *W~i l*-l--» ^>SUi ^^1 »L^Vl ^ U ? 5M ujL-J- Lj^j ^L>J liU

^j:. oi oliJl p>Jlj ^^^»^ ;_JL ^jVl ^y ol . (tO->
) J_$L!tJl Jb^ . UjjJI

oU^I »I* . \^^ ^ii:, oU>u. JIp J^»^ Uet ^1^j^H i Oi~^Ul jl^p 1^ i,Lju

^ ^^..*-L)i of^ Ajf U^i aiJ.JlidlJ_.JLp Ej jup ^jVI j_^- L.jl:;p .iUi

Ji>c>*^./'M*^i Si •^^y.j-f'j El Ju;^^ ^jVl ^.SOiJU :L^L ;_J|^

(^J SiEi :>l^l^..l^) ZSiEiM ^"^^^JLS ^^ix^Wl^j .^^x^^\

J Si viu^liJI |»^l Ou JabLl ^op ;Ii;^«iL,^) . £^ xp ^jVI jj_Si L.jl:;p

i5j E, ^ so^lj i_*Lai-l Jp Si :(tU>)J.XJiJ s; j(to_>) J^XJi

i % J % uy. -lai^l C^ dUiiTj .Mj £j ^ Sa^lj i,liu-i JIp S;

Oi^j^ JCijIj ^|j^ iLX. Z EjEiM ?iil-^V' '^^>J^' '^ (>• '-^'LiJl L*

J .SiO^ ZEiEjM <iUiJ .SjO^^^IJUj ZSiEiMj LSEfi^ L^



EjM ^L-^ j5Uj i JJj i, IajI>u> (EiEj) A^b iJ^lj ^-JJ 7«r*f ' AE^E^M

Ja \J1 , jli-^ Z EjEaM j L SE^E^ jb,^ I dJUi^ . <^\ jjJli Ji> j>p

.5M

-^0



t^oJ ;ijyui ^;^" ^ oJjoU^ Dliapf ^_^l^j_^L- oL.^^ «LJ^_<a^ . JJUJ-lj

^>~d ^jll of
^jf* Sjo:-Vl -Wji . Ljlj^ L-^IS" iJliii iSj~\ fju- ^«j^f Jlil i i^p;ilJ

;s>l fx- ^>-j^^Jl J_v

-

S\J^\ (Jp J ^^Lu OjJli Jj^jLS .,a.,t,7.<l IJLSUj

LxpL, ^jUp . Uif ijidi ;s>l-i ;ii^^j ^j-fJi ^>- ^<-^fj v-s'i>i^ iJUdi

. (Y'^-^) J^^l . i5^^ «^(WiJ «-JiiaJ OjiliJi

. L^v^ '^•^^ ^j—i-J (.r^*-^!^ -ij«ri Ujlp DsLj «ij.i of UajfjLS' ^-A^tr^l

j^-^ vi-j>u ojIjL. J ^^wj «ij.i . A*j 1^ JjUJ-i JjUaj t^jJl 0_^UJl >-i-t.-i'l OiJ

(Y1.^)JS^



^y. ^^o^l jjp LaJL^j ^^ ;:- ^\j^\ jtj_^i: . Lilli UjJU ^Jl1::S\ oIjJ^ J_«j

«jydl JJlii-l ^j (lA^f)
Jp-jj ct|JLiil c^.>l c^jVl cS^^Jl 4(lt-^t) JjUaP

Ji:p| . ^_j^o^l J_p- <a,jj J(jS"^ JjJat cJ^ r-b.-! t jj-^<i-iJl ^ ^j^\ J_«j IjK -of

.i? (w»*5U «-» t_w-bi. T ^y> -.j^S ^Js-J^ J:s- 1
jo^t . r ^_^i«w9

JLil t (5^f ftL-ifj (jjJJlj i--J_:>Alj *~>«::Jlj ^iLUil j-. ia_Jb^ ljj.JA\J^ Jl^-pf

^ (wJJI J.sa.aj jt Oyj:^ ^J^ iJ'^J i^jUal^ jlSoL aXJLo jjLS' J\jpf ^^ . 4^U 4_>-ij_,<ij

-u^^jIaUUs" (A- y- ^)

fjo . Jldl ^-u^lyk *J Js-aiVl (»-*^lj tlajLlj iJjUJ.L ,_y*--^. L. jjj (5^ t LJU



rr

J ol^^^. ^J\j ^jVl of ^j v-L-Vl i^jii\ ?ti^Ui ^^iL;; IJA J ^t

V ijl^l L:pL-^^ jjlk- oi : tijjjJl ^>U bL.^ JJ»^. V i..^'i:5^ ^.^Ij

^jVl jloi lOj^ L.>- oU lllj ^__;il ^^ ^ JSf^jVi v>J 4_ijljJi ij.^1 J

(wJJU jL-« Jj»- ijujj SJK^ (^ _ Y _ ^

)

jrb>^ a^j lijj^^ J-^lj J-^LiJl ^L^ . iJL^ *jJL| Ij* ^^^,^

/^''•r^J!

^«r^Jl

(YV.\)JSLi



J j_y!jVl SjJaiLl ^ oJLa . Jjt >--ij_S; *-iU-II JaJ-l j^j . c5jLsio ojl . ?(_JHi

B,A xs- ^_Jill -uLij O . JUkLUJj^^ O ?A;-uLLa ^^^^ ^JUI U . JLdI vij-^'

O oif. oja>J.I Uj^l . <cu Viy J^ '-r^'^' /" Jr^ ti-JJ' f^' <J^ J^ J -la»-^Cj

i_Jill Oj^ Ujup *-J>Ijj O JJUiS' . u'J « ti^^j Lf-Li jj^Uj ioWl (»j>«Jl eJL^

ii\i^<l^\^ P jL^Y : iJi^*>Uu j»::iiJ . ^ jL^I ^y. S_L> J_s<ait .^BC

. (.1^1 Jli ^b ^ ;Jli J-^t _ j8 AijIjJJ i^

(Successive Approximation) Jlsll iw.jjiJl ii^liJl *^l

e^UJl j^j ijbljjJLJ Jli i>J-l oIa j^J-i j2_iJ . OjlJl. j_Sj^ J C—J ,_,-.«-iJl tlLlJ-Jj

il^ j_^l J^ 4ii9l>- iJjj ^yi . «•Jali-I ^1 JiiVl il.> ^y^^' v_A-*^l '-^ ti-s^^Jl

j\ i>«-?w,<9 ^^•"si' (Jl UaiJD j^Cj> Q/o^JH Jj<j (UaJj Lj^ 7'^'"^ J* Iri '"V • *^'«r*»-*



J«>t JjVl U^.os; ot^>J . J^t^.jLS; Jl s^ Jju. of ,j^. »>LJ-I ^..jl^i

UUapt lil . jliJl ^j JjVl ^>l Jl ;>.,,^ iJiOl UJbrj oij M ^j O H :ip^

l^-»^J '^i : J**'"^ ui»> i»«i>-^ i»K]|^ LU^ jij o_^ CO... jUJI U^.xi-

^^^ c5«:ri^l j-M-l vL~«^ J^ l^ ^I-*JI v-^l c-^f ?JLjdl ^.^1 iSj^%

. LUp S^I (_$^j ^[^I jJaj U^j IJU . *l5Jb \l\g,cJ\

X = 25 + i - ^ o-^

2

X = 50.

oVjj 'i-,-'- >_a.l^ i_a.jPjJl



^IjJ'^l (^ili::: ^_^ . Lft 4J^ JL.^ U J-^t Sjj-^^y ^SJ-^^ '^j^ ^'-^ a^J

(^) '^ = « + f-

^ii^L; iKill gJly JlJ iJu* iJU*j Lsfli^ ^jJc =2a jjb v-^ljJrl 0^^b
Ju^ xo c?'''-^'^' ^.>' -J-J^-? "^^ '^-^'^ a*>^^ '^/^

: ^^J^'-J *-^^' ^^'

(Y) xo = a.

-::; Jl* Jj-^i ^v,k:„.; Ju^tJL . Jj^\
^j\^\ *:^j jf^ Vi^^' '-^ W'

*o .a
2" ="'2Xi = a+-:r =a + ~

Xa = a +
2

X2 1/ a.a\ .o.a.a



.t^ jIjlpVI Ja^ i^ : JUl_pJl^ iJL* ^ o^LJl ^k->.,..; .^ti^ L^ ^JLS;

.(YA^^) J5:^l>;l .^^i ^'iJi^Vl Jiifljf c|f coliL^^-jiJlpVl

+ + + o

+ +

+
00|Q

(YA.>)JSLt

'-^'^-' J «i = a + f viUiSj2aj O 0^ iJLJ.1 (^a.^r..« J Xq^ a jt Jij^V

AiLII i-a.sa.r>o I3 j2aj ij (ju ^iLII ._ivar-. I2 >^i^ . 2aj Xq Jy_ iJLJ.1

ilJu5 li-^ i>.t; Ljjt 1^ . (2aj a;,_
1 ju Jj-iJl t^t) J^l II Jj-iJi Ul^ JL>-tj jL

J^^ Ulj viiJi ^j . ( ^
) asL!uJU jJaJl JJ-I Jl \jj{ J^^ V LJ.U^'yi OviJl

X2J ^jM^_2a^Ji\ Xi of Ji^V . S>^ JS" ^ -U.L- ^ J^f ^_y; JU^

oUUll cl*^j . ^ jloi^ Jjt :c4 J |. jl Jii^ Jif x^y± jlJli^ 2a^ JSf

: iJbJI oj_^| J Jw- U il:;S' ^;^, . 2 ja«JJ (_5y ...,16,8,4,2

13 = 0+^ + -^ + -^
2 22 2^

*4 = 0+ — + -— + -- +
2 2'' 2^ 2"*

= 2a-



(f) ^=«+2^ 2^ 2" -^" 2"-

JL:^ J5 ? ^ UJUI Sj^. ti-JJl ^V^ly^ L"
• (r**=Jl Jl>«^-^' ^?^:^' "-^

_^ ^ij-Jl^ Ja*:^ iLUl j^j . <JlJ t^JJl i-A-^ tijL—, (^-Ja^l^ Jj^' '-^ '-')

s.s^ J^ J^ ^j JjVl Jby ijJiJ-l i^ n-\ J^ji ?J>Ji JiJ-ly^ L- . ar^ viJliJl oJ-lj

Oil

(i) S„ = a + ar+ 0)^ + 01^+ ...+ or"-* + ar"->.

S„ « a + (or + ar^ + ar» + . . . + ar""* + ar"->)

r- S„ = (or + ar' + ar' + . . . + ar'^'^ + or""*) + ar".



(1 - r) • S„ = a + (0 + + + . . . + + 0) - or",

(.) s„ = a.l:E:^.

2 2^ 2""^

SljL^j(L«j9 r = i ki.^)(o)^(i) JlJLALJbUlil . nj^^Jon + 1 IJis^ <^

J>„+i = a + — + — + ... + + — = a •
;

2 2* 2"-i 2" 1-i

= t(-^)-Hi-^)

2"

-^1 jJ-^-l ^Wrl (Y-r-^)



^ , o">U!l Jbuj JJ^^ (.UjVl |ju»^j i^l 4^!>L*JI xj>p tj_J :
J_^t liU

lil :ui>JI .JLa J1,xl-I ^^lai-j UJ* . ^1 . . .jj^y\ ^>JI a* J^^ Cj^^ C^

7; Hig/i School Mathematics, Unit 3, pp. 121-130, University of Illinois Press,

Urbana, 1960.

2) First Course in Algebra, pp. 304-307, Yale University Press, New Haven,

1960.

Jaj2:, Ut^ . /»jiAJl ^L-tj J-^t A^l (. ^L* t^Uj v!A>*^ JL=dl vij-^'

. flj^Nlj iw-ljjJl ^J>.i«U

S^ Jb:-t^ . /W =
J!*

iJiU^jjJb- iliiN i.U ^i^ ^y^ ^J^l J-iJ



. i_J^Vl ,_r~ij (^^Vl jjjJrl iLljw

>



(yJUJI J *~^^,ji\ 3J^^
lY

l^'iJb-l A3 J olV-Jl jy^ ,»Jaid L-ljf (—1/ I X2 tir-II 1^'I.A^I ji\j Js>^\ Jj>

jii-PiJal^Jlj^v-^JL-dJAatAat AitAoi_Jlj_jdl jt j'yiLjJ^«^^ . X3

jl^- iJl^V -^ ^^ '^^ u^J ^lA* *»» lif J^ Jj.'^'^ t^l vl^ (>• *i>^l

. j_^li Jl j^b^j^l jjJaxiJ ^^j ^>JI ^ji j_^aiAI

0) tan T =

.(rY-\ JS:ji>:l) AoAiPo dJdIJ

L-t^l S.L^I A„P„ /(xo)

ijiiVl SiU^I AiA) Xo - «i



ir Jldkl ^._^lj ^LiJl : ^lUiJI j^.jL;^

(,T\.\)JSii.

y =/M

(rY-^)j^



;JaiJl JiiP j_^|jil J^ tan T ol ti-~^ t J-J>\-i:i\ <^\—>- ja ii.\Jc^^\ j^, \-J»j

fix) ^iLiil i5jl~o P„(xo J /(Xo)) iJ^iJl -^ ,>^l J-- -jf Ji-^*^ • ^0

(t) tanT=/'(xo). oil

^'"°'
-f(^)

O'UO'la-

Xq Xj



fix) = x^-a = 0.

f(x) = 2x,

iijikll iJiUil j^ J-«jVI t-i^i |_ylLp J-.a>»J jjy-J Ojjii Jr^ -^J

X -



(.>ji j;-^Lji j>3i

^ ^ = j^ = A = 1

2 + 1 _ 3
""i ~ 2 "2

a_ z _ ^
Xi "3/2 3'

^ 3/2 + 4/3 ^ 17
"^2

2 12

dUi^

24 jil

Xi =

Xa 17/12 17
'

17/12 + 24/17 577 -^

2 ~ 408

o 3 17 577
' 2 ' 12

'

408
'

^l^boyy

2 + 2, 2 + -^, 2+-^, 2+ ^

2^
'

12^
'

408^

jJU-l I a :)-b«l! j_j;;j»5cJl jJUL-l :)Ui[ jVl -by ni^f «y (Jjj^h "J^^ '-rLr?*^ ^^^'^



La

«;.*i ^„ 3^
^-q ju I jjj

^n



of J^j (. Xq- 3 ^ b;LL«P-
^J\

oVi :>^

2xo+a/xg 2X3 + 26/9 _ 80

27

26 of

(80/27)^

26 (80.8g\ 26=^(^-^). ^
(80/27)^

^^^Ij^J^f _?? oU ^26 o-^ - ^.-^^IJ^'M'l-i-Jj

(80/27)2
V D

.

27

^1= i =2.962...,

-^ = 26/ (80/27)^ = 2.961 . . .

,

. CjCijJ^ Oi^^l^ J\ ^y^2.96j^ \Sij2.961j2.962jy^j^^^ ^ oil

of J^ ^U-\ J Lj^wL-l lil

2xi + a/x? 2 X 80/27 + 26/ (80/27)^



Xj,

lo^ sa_i«^ Ov'j-ij i^LsJl A_j»-jjJl j>i 4JiLjJLl JJ- (^^r^ jjjli jljj-jj -of ^
iL'Lr Ovlji J^ Jj-^l

J::*-:^! ^ <it
'^l t ^i^b iJJUl i^jJJl j>» o^^iL-JU

L_o^l Jl,^c-I LJU (W:;.^. iJLJl JJLiI JJ- .p\j\ LwULl ^^jJl j>i ^JiUJU

:Jbdl

f{x) = x^ - a = 0.

/'(X) = 5x\

»^n + l



0>

bjf "^l ^U«^Vl ^5:»Li: ^,W....\ "^ Ljjf ^ . ty-l ^ p_^^ JL^f ^fj *>^ Ld^

jjJLJ:-L4 ^LJ-I «;i+i J LjjJiy Ja . L_p.->w2Jj tLJas^Vl A_*^ly. 2-_>k:~J

;
jjb (..jjilall JaoJlj j»j«j i_->lj>-l

*n + l

(q - l)x„ + a/x„'-»

?IJUp L. J L;::2J (>• iJL* Jbj^ ^!f

Jip J-,.2^j
t4iLJi ol^l J IfS' jVl ^li:

^•(=«»-^-^-0 = a-V^-(^-V^-V^-V^)

"ii+l

4j^, + x„ > 4x„ + a/x*.

5*n ^ 4x„ + a/x*

5 > 5



eS Jbll ^,yci\j ^UJI : aUUJI j^,jl;^

0) ^ > \-,v

<\. otlrij

(Y)

4 4 ^ ^*n -^ 4 .

4 < ^n+1.

jt -y>^ A^j

J X„ Cv. ^. ^n+l of (>*J^^ (T)LJ(^)^>«
^^

(Y-)

^4 4 '

(^)^^iJ

j-^t ^5_^ ^_^- jc„+i oU t U^laJl sjlill J^li ^. f^ ot
iri

. ^j-ll ^ji

X,

^
I

a/x* ''/K*^

(rr.\)j^





(SO) ^^

U^U^^If

ijdl ^yi,\ i^ljj. ^^_ ^|JUI ^_^l . f.L^Vl JU> t^_^l ^'L- S_^ljj^ LS^JLSai

t cijlSCijj-^Ujj,ip ^iLJl 0^1 J ^U. ^^j_Jyk J.^j (Stevinus) ^jsJic^

IIa ja oil . j^lj jy J|_po J-lScJij J-^liJl i_9Ll:;S'lj jiuJj jJjJ JJ JAs^ d ^^f

LjL^ J Ir-^'^ ^Ij i.^^1j^^I J.o.o^» Jjf ^y. jlS" jla) . U JLf J l,^« S^lix^Vl

^ . ii^y Jij; V ^^1 :y-Lj| JUi ^iL!JLS^j OUo^ jjJb i^y^ Jjf f JL^Ij iJUjJl

.i.>cjli iJL* j_^l c-joij ^Jl^ jl . ((^^)) 4^tj laa....» J <J (^f jLiO ^Jl^f OJLU-

. Jilil (^_jxJ.I jjJli rr.".:...^l i-isS' t^^:— 0^1 . «up

or



pjLJI J i~J>\i)\ J>]l «i

O-J-:

...^wJi v-i oil ; jsai ^^1 ji-t ^1 2^1 JiU; w JaJ-i J ajlJI iji jt 1^ . ( ^-'r)

^ U : jjljJl L^JIJI lil JI>JI ^^p<aej (^-Y) J^^l J **-^J^^ ^^' *^^' "^^

(T-T)JS^ (^-Y)JS^

iljjla>.:'yi iij lil Ait eiy: . ^.l^'^/L ^jOJ ^- ik-Jl 4_>iL*Jl i^jJl L^^?^



00

II! . Jiw-t ^_y!l jJ^lj ^t ijAj (Y_Y) JiLiJi Oi*J fj^ iS'^'^ c—^r'
t-->wJ Oi^L~^

(^-Y) JS^

LK t j^ lcs*^l 9^M -J^ aA^-j^ 4.:,o.sa.ll oL^j_iJl j^;^ jujljJI 01 t LjU

-la—J ,_sil JJL« tS^^:;*-* ^_^ J^ (3jJiis<!» /«ii JLJ>p L-^iJ JL^U !>LJLi Luiy^J Lot JL<u

JSLiJi J ;*wi>l iJU-l Jb^ tj'yi . JU. iJlic^Vl ^ Ivi J-^ |I .^-LJl^._ii^

. IIa JaI^ b;>^j ijlj H' JjjJl c->i i-Lai> ijj-^. tij-^' *Li>^l Jl,^::?-! . ( ^_Y)

. 4::;jyi ^Jlpj *^l^ ^opj iajLl Ojjj 5^1 ou^ i3l^ci>-'!^l J*!^ dUiS'



JJlSJl (j^Uj . l^h;...,7 Ulc- *::>.i> Lf^ljJ A-kuJ ^_^j iil-JjJ oJl.**^ 4_«-JaJl dij

^ ^1JiiVi ^j^. li5Uj . C-stjJL dUJ5j^f JJQI ^c_tuJl J.Jv;^H iiL$i;=-Vl ^y

^jk-j i^Ui-j i:,jA ilJi l>j^ Jlj*i-L dJUJi" . il\Sc:^>l\ j»JL«:j d~^ AJLiil SJU-I

gir . ( >_Y) js:^! J i^jUii jU'vi ^y j-Ji5i)i ^-Jai-j j-^f oi^j i^.y ^LJu

iiJu l^-ij^ ^y^ ;^UI ii^l jLiil Litk.^1 iJlill ^JU-I ^y Jlh^\ ^^1 V-^'

iJl* . ^jf,j^ JLp tLj-iJI (l)f ^_^J CjLiJl ijyJfs J_^ AA«-!AiJl^ k^j iib^ t li)C

. Ak-Jl Jj'UJ-i ^^^ J JJjJi j%S^Ij 4-JiSLL. Js- JLiJ . L^ 5jLil-Vl (j^ jJl

a^ lA jJl j_^Vl ^04 ,jf Up oI5 .j>-\ <^^ t|f (>« jiS'f aj^ cJl5 U^l diiCiL.

. iUaiJ>l oLiU-l oli iaJjJl j»jJl J—"5L- c>~Jj oIaU-I i)jUdl aSL»-JI iL-UI



oV ISwLLhk jll »jlJ ^jA

(e-T)JS^ (i-r)jsLi

l^
J;..^- iJ^P^- Uji:p . Jl^-t Jl l^i^ i^ iJliA j_^_ jf jbN Ji-f Jl ii^p^- Vl

iJ^>^";]aii j^^j jjUi ji^ai^ j:ai jiC^iLJUi ?dUiJboiiu .t5>f;]aij

e^l jlj C ^iaiJl JIU- iULJl ^Js-yy SjS il jJI J jlS'_^ Ajf IJL» Ja g-l'^t^J . !>LJLi

^^ iiU J ^- l^lj ;lI jJI J ^^ i!U J iLUl cJl^ ISI t IJU . j'Vl ^/^^
. lJLj%Ji\ ^j ^[y, u jUJil ^\jJ\ iiLyi jjL-^ t i^.J^Vl 4_s:^l ^j . 1^'b

ftjJLl jlj jjly iJU J L^LS^ iLJuJl jl kl.5>-j . jjly aJU J iUUl jL Jj-ai\

j^ iojli. Ji^ji N AJU ^jJlI U«l^ aJUl jt \^j . Uit jl>Jl iJU jADC J_iJl

JL^ JdL-f Jl ^_..*^l \Sji jil .v4C c-^ o^Lu Sjj.^ JjLi iJULJU iJUj CJa jcs-

\,-jj> J>^,A^C (5jLJl ^-^S jljADC JiJi tjj-l ^yJU Uju^ jil t jLiijI loCj

A



{.jJuJi J i~^lj\ JjUi OA

(V-Y) JS^ (^-Y)JS^

. (V_Y) J5^l J Ij^ ^'^JWI j^Ldl iU lily'b "^ ABC iLUl oly-i ot ^Jbj

Jv4C(l>f ^_;iJ .^tACjty. j.^lJjJijLu^'^jj-.ilJJSJL-pLaJl iiU-ACjjS"

«ji-l ^y«Jj UJLp Oil . AjjL-la ^Cjv4 JLp- iJLi^Ji (^j_2JU IJL^jACc^ SjJiUjU

. UifAC ol^ Jaii lilj iil '^y^ dj^,ABC . by^ j^ABC ^JJL»i\ ..ji-l OU JiJl

J^iLiJl J . (i-t) J-$^l J^ JI>JI v'^ J*~. (V-^) J-S^i 4jl_.^i::^L

^i^Lu A'BC dJLdl OLs^t JljJ>t ot ^r>-»J <JUj a'C -ijly^lC ^(V-Y)

oil .ABC .Udl ^"iUt Jl>f

BC ^ EC
AB A'B

'

ot JL>J iJaTJi AJliS" oli iJULJl Ol vi-^j

BC ^ M^

AB W

0) w
W

BC
AB •

oil

. l^^ jJl jSljll Jl>f V-^ tijL-J '^'JJ*i'l *r-^ O^ t#f



0^

La . (A-Y) JSLUI J ^j» ^^1
BC
A'B

= sin a.

(Y) = sin a

tu = W- sin a.

jta^(\)^j

jt <U/Oj

(^Y)js;ji

4> ^ iv jj_^lj^l Ai> ^ W jj_^| 4. jLc jj_^l i^.op i»^ i^Ud.1 UJUI

js:^i J A^^^l ilSCjuU ^1^1 ^ (Y) aJ^UJ.! jf ^1 ^ li* ^ J_^ . ^_Vl

A,*^ i.j->Ul o^L JJlil JLp ._.^wJi Sy iijU- ^;^_ ei^,, ^L-Vl JI>JJj ( \_Y)



jlja = O°0j^ L»-)^ 4 (T) iJ^LJ^I jy • -^^l
L^J^y L* j^^:^^ 0^ 4_*5^l ^ 4_;l

ji|.«; = Wj^4_Jlpj sina = 1 Ji* a = 90° Jj-S^' 1<-~^J "j = '*_:^jsin a =

^yj^ ^aJ jir . L.>Ji ^51^1 jlssi."^ iiJi oL-Ls Jl 2^b.^ ^^^^ k^^ Cr^J

j^i U v-^L Uwilj li* '^^. J^ . ^ V-^^ V^r ^'^1 ^^J ^j>^l ^.^

SJL^ 4_>j_Jl>JI i^ry -u>-ji ^i.^ LSLjLSai oU-L-t t (Emcjf Mac/ij ^U cu-Jjl

J ^jUi ojlU \y_Ji LJlijJ ^^ Jl ^iL^'^fL . ( ^ AAt) jLlVl J_^Vl ^>* ( ^ A^t)

jl^ I JUk oJJLf ^b^ JJ . o^p^ J JjVl pLJl >-Jj^ j^jujj-^ 4 ^U 5.Lj>-_^ Oj-soJI

14^ J tk.:-! jJl aJliJl 1»UJI ^jjuu iJL* jl j_^^. jj-..i.^ii^l .
l:^J^\ J Oi>-lj

. I ji^ \jJ^ j^\ (I ^j Ijo^ .lu^ Ujlp ^_-bil cJ^I J *:t/ t>l ^1^ *^"L5 V^

. ol^ 5^ f>. jt j>.x^. Ail . ;^jlJI ^ j^lj oL^LJI ^ 1^ JiiJi .^i^! ^1

bJli JU^. ^Ij ^\ j^, (f
. (it ^ Y-YAV)^^} jf

(«^ .
JjiJa^ ^^f ^l

J«; ..^S jli dUi ^j J-.lScJl ^L^ i.lJb ^y oL^Ljl c^y (".^b oUlUl



jt^ _V^ ^\jj>\ Ul^\ Ajf ^oj Li^^ j^lj^l jjly iyyj ^L.1::^L LXjLSai

. J>~Jl v-i^yij A;j*yj JJ ^iljjJl IjJL»jC--1 j^oa oUIja! ^L;

. M^ i--il::S' x^lj ^\jj\ aj^^ ALLS' iA-ljt» j_yU J_^.s^>JLi . ^IjjJl

La O^ . Ali-U^ ii^^ L«-^ io^^ jj^Vl oJLa »^ jt *yj ^IjjJl J Aiinil jljjH)

oL^^I oIa ^_j)jt . <gL^_^ -bj^jo t-b ^L.-^ Ln^Lij «ujJL-t jLS' Jii! . i«j::>J.I iJLill

jl IIa ^yi jv^ IaJs . i;ji« jjSJ ajjLwIo oULw. -L*^ AijLd.1 jljjVl ( ^
) i>,-JL»

^_^. (^_Y) js:^! .o-JUrl J^ olJjVl jtj jlSjjVl ;lai: y. ^U; oliU.1

A' A.-

z^

5J_pU!| ^y. oI* Ja ?L^JLva; Jjk : JjVl . i^A_Jl ol* Jy- jVl> iJL_LA

^jt ;*.->w» 5ApU jj^j jSU. V . ^Lii^ ?4_^L^I jljjVl jjljJ .



.1^ Vj |.^ J^ji ^ Jlply liJjJb ^j . t|jJU ^/ LJI . ijjj^ ^U^ ?v^ . ^ly

:.^ . IjU^ IJ^. Jill *ai jf ^Ij cjLJ^ J[ 6j->^. S^\ ^LII of ^j^ L^ •
^

( ^ ) i^jJl t^Uail J^ . Uw^lj^ aJjJL^ J ^_^l ^j (. ^Ij «-^^l l-i* v^J-^

fjLlI I Jla^y^. .c^ lil J15JI^ jt JLi;)! ._~JI \x^ J[ L^i^ji l-i*

"^ ^j _ iaii 8jLs- <_.~~j 0^\ '^j»J^ Ljyfc'^ li^JLJ jl^ C)IJbj_^ . i;)l^_j_>J jl^ i-^

^jP^l ,_;^ j2;$3j . jlJLiJ_^ 4_s<aS j_^ jl JUj_^ jLs- 4_s<ai cJl^ lil L» ^tJL tJ;^

^i^ Jl V^-J^ ^^ ^rr- -i^l Cr" jlc^' C^. } ^"^ O^'^c^'j ui^sf^' Oi^>-'

jj_^i jj:>^1 jj_^l ^j\j\ S>yi> ^-~- a;rji "^ O^J^^I ^^ J_^>b:u JSLl.

^ ^1^1 Jl U>; lil ?^.Vl jj^l U:f^ . i^ Cr-^> 'JJ->^' ^^ O^J^ •^^'

. ivaSLi* La C;^\ :jIpU jil . o'i/i c5j-~i J^r^ i>*^' ^-^' ^^ "^^ l5j-^*i" M^'

. ( ^
) i^JJl y. c^dl JL>-^I jL:?^'^! JU cLUJU .

"^
^\ cJijj lil l<^ ^/ i**l^l



i-ijM bK . iJbJl i^;>idl ^y UU-ji^l o_^ jjij . (_5j3^twy o^J^. cT'-^r^jf

-bj^
. ^j^UVl "^jL" ?JiJVl bj^\ J^ t^IJi ^ .^> JLi. 1^ JS- .^1 ^^.ai^

iJU-l J 4jt JjiJi ^^. Oil . j^jLJL j_^l o|<--Lai; 1^1 . jjJl^ J_<^ .iUt

Ot Oj^ 41-^> J^ JLi. W Ojjil ia-^i J2W j_^l JlJU^I Ji^_ .jJi^lj . Ak-y

: JUI j>Jl ^_^ jU::>-L l^L^ ^;jSUjj tiJWl ^a>,f i-^^ »JL» . jjljJI jJtx,

fAj (0l>-'^l ^) Ja-^l J2W ^> JS- JLi. W

o_^li ^U:i^l ^^ySUj 1 4^JJU |»--k*; y> ijj^%J (A) i^^j^lj
( \ ) i-j^-^-Jl j^

^"^1^ OiJ' u^ ^LJ' *J^^ OU^I ijujf jt. ij^ ,_^L. . ^\jji ^J^J

L J tvi-mii;-;

2K'

X W) r- -^--i

2K' W

(^.-Y)JSLi



0UL>- JlP iuLai i>.^l jljjVi jt^> . ( \ ^-t) J^ ^;^a:^" i^-l^l J

ilaiJ ^^L^L: «-^j J iJulS" APj^^l . SJL>-jJi t^jl—y er^' W-^ u^ 4_)jL.«i-

t t ll

w

A'

I

I

.1-- £
2H'

. jJcL, "^ [^\^_ l^\J\ jjly jU aJU-j C Xp 2W jjjJL Bjv4 Xp W ^jOj^Jl JjJ

. jJCi "^ i«3l^l jjly jU dUJU 4^?-::ij i B' Sss^2W jjjJL A' Xjj> Wj F x:u>



^o
isL;b-Ni JHji-' cy

2W

*r 1

"ZST

(\r-t)js:i

¥:1 W

211'

/I'

X

0) 2W- 1.5 = 3W- 1; o^J

Oi5i,*yi ;iaij ^yi ;iL_ii X uj_^i = ji5i,*yi ;iaij ^ AiLii x uj_^i jf

h 1 4*— '-4
—*\'— %—^-' 1

'\

F

(M-t)JSli

w i}x^ \^^^ ^_ ^ BA' ujlj; (A) i^jiil ( ^ «-Y) J^iC^i ^Ij t uVl

W-t =3W-|;



^^

B' A'

->+•— %

I

I I

I.—

J

I I

I I

2W

(^e.r)JXi

jf (^) aJiUll bJ«i2 J (Y) SJiUli ^

W.(2-|) =3W-(2-i),

W-3 = 3W- 1.

.
jjijiJi oL'Y cr-^J^ ^«-^ (.aii^ij JjaJI j^-JJl IJA ^j

.l4>ai : jWI .j^l



nv ISwU*- jl TcJju /jA

IP
I?

J—IScu 4Jl ^l.j>.j . ^_^| Ji\ ^Sj^\ iijJl ;y\jr j^.i^ ^]>-j -^.y. i Jli*-: \-^

Ajy ^jUJl o_^ jjj .[^ u^i^\ >-.;...... jL:*^ ^jUUi Ju.jo iJ^ljjLj iJU*

c>^ Jl ^>»^. *^ ^-^ **r-Jl u-^ *J ^LcjLj xj> (L- /J^ t^t) ^/ j.jj i i •

t^iJl |*Sjll^ J j_^$L- ikSi Jby .^1 4_^Jl1 4-...JL LiL' ^_yLi Jj t J_L-f J\ Vj

job c-iij JjVi ^iiaJl J iJ^ oj-bjUl ^L-c^ ^j^ji J>j:lii JUc. «^i jjJL^

Ji-t Jl UoS i i . ;iL^ iJ^^c. JjVi i^jil J . iJliJi A_4JJJI JjW jj-b iJ^I

^ jil oW^ ^Uil oUNl J LjJ U . iJ^^^i i_;LJl ;UijJl JjjUJI j^^l



^'L- .^ iJldl :uJjJi Jj t S Jl c-.jUJl ^Xi ijyt Oj^j jLxil j^'t cu^j ;iii A*.

JLP c-.jUJl 0_j5; Ul_^- ij^lj jLJl ^ji joL- cu*i oil .O Jl ^^.j^Jl Oj^j ii^l

of L*Jp ^f .O Jl VJ^I Jj^j ^5* 'oJ^b iv^ "o-vi jLxllj -iW *^-^ ' (:H'J-"

3.

i

(\V-T)JiLt

^Ul c-.jUJI dl5U of t^f AC Ji t ^C (c_i*<^ jf) ^i^^l j^ <c^ljb AB' J*

. ( > A-Y) JS^iJl >^l .^BOC ^•jUVI j^
jl_^ ^"A^f

, ^C JI AC V~^ ^>^^B Jl AB' ir^ ta->Jl a^>JI o^J ^^ hy^.

^H\ ^j\^ of .1^ b^^ AC'J AB' u-^ljVl :^ J-^ULI D' oL^lj



1^ ISL-li-Vl j^.jL; cy

I

r
(^A-Y)JSLi

AB r^ .AD Js, c-.jUJI jL^ oil .^:>\Xj,\^AD Jj, ^ D' jf ^r.r,,,.; i>-^L

IJ5Uj
.
AD ^ iUi>J.I j_^j Oi^l^^yi ^_1a J ;p^l ^^ j^jVir jb-lj^l_ jL"L*

oU-^^ij oU-l_}*yi jt (^ . ijJaAil J_^ j;;«Cj ij^kSGl jI J_4«j .».jlt>Jl 4_»iai oLjil 4_:,^j«j

jl LJLc' ji[ . I^U- j_^ oS i*5lUl oL^I i iJjiLi i«iGj a.>u»j Sj-iL** i-*^ t;;u (ij-4^1

. tlUiS' (^jxU f^iL/?t tijljl* d_y\i ^y^



^jU\ J i-^LJt ^iJai\

^Sj-ii\ cJ- iJys^A of l^j . AD' ia_i-l Jip Woj_illjACia_i-l JU^ W2 h-^h

<cJ- iiji-A oil t uiij>-Vi Oy^l il-Asij V^ SJb-ij (if c-^ 4_;_>ju^ oil t ^"iLiJl

oJiA oJl^ iSI Jaii iiji- Oj-SiA ^.AC^ AB Jj> O^Hj-A^I ^'^--^^J AD' J^ V*"

JSCjlJI^I . ^L«il oLiiVl J J_**;j AD' Js, Sj_iU jl J_ill J i^^L^ U,^2>«il

Wi i>* AD'j^CjAB Ji_jipfcJlS'lil <cf Ji>-j JiiJ . b'Uij: o^}: ^j^^I .(T«-X)

AB AP^jUf t^iJij ^-jUVI t|jljd D ^}\ ^fpi oLJ Jlj-Jl Jip olJL^j Wj W2 ^

JipDjAj D' Oj-^j olJL^jW t|jl_w_AD J_jip Oj—S^. ^l>r*y^ o*^
J_*-iACj

olj LfftLjilj LfuJ J (_j_ji Jic oLj^iJuACjAB cJlS' lil tjUai>^L. . oJ-^lj i-aLi:--!

. oUiVij i*-iJl J t^yJI iL^2^ Ji,^. 4;^^ASDC ^!>UVl ^^Jl^u JAD >i!l

ofj iy^l iUl^j Oj^l 4^.Ap i.jJ-1 of^^ UlJA Jip Wt Wg 4 Wi ^S^.yy



v^ ISL-li-NI j^.jl- j-

(Y..Y) JSLt

jsai ^kJi ( ^ _ Y - Y)

j\S OL i!Lj, l>j\jj ^jAA >_JUtf Jj'Lo «Ja^ |_yU jlj_;l aJU- J W vjj |^_-^ J^:-

Lo-wykAKJaJ-IJ^ji, JU JlJI jf g.r.-.>.J t iJb. ^j^ ^1JLJL .(Y^-Y) Ji^AJI

• uii>*"^' uyj^'^ iJisoJi jl Jill J iijL^j i^Lx-o Oj^ jt i-^ ^

Q w

(Y^.r)JSLt



VY

:-^l i

(«^))YY-Y) JS^

U'

((JdYY-Y) JS^

ZBAD Cf'^O^ J^-=>^ (((^))YT-Y) J-S^^ ^>- .(«t))YY-Y) ^}-^ j-^\

oil BDIIAC ^^. ;... ĵ ZBAD = a jl» IJUj lEAB J—*—S^' ZA£F j

.BD= AC = w j^lAB =W 0^ \^.j . /LBDA = 90°

Jo:^ABD<l±L\ ^
w
W = sin a

w = W* sin a.

Hj>j

(j i-ixwaJl ^iaxj jl Ml »_;^i«J 4PJL» iij^^ 4_>i^l oJL* ^^J^jJs- ^jjJlS^ jl «^



vr \£Jb^^\ ju.jl-^

\\\\\\\\\\\\\\\\\^^^^^^^^ \\\\\\\\\\\\\\\\^^^^^^

^^
r'\

A V R'

\y

SjL>Jl fcjSLi

r^

tr

B «

S^LmmJI 4Ju£\«

(i(f))Yr-Y) JSLi((lyjYr.Y) JSLl

(1)U jj_^l i«jJi^ JLJ-Ij (c^A ^j-j>) ilLii?-'^! 4_»jJLP ol^^-SJl culls' lit . UijuJ

ii^la j_^ jji; UX^ fi jli I JLJj t W (^jL-j JJ-I J I JLi j_jk<»j C X^ Ji-^t ^1 W s^

vo -V w — W

w = iW. LJoAJ IJlAj



/yjjjl J <~i>\,}\ lijWt Vi

. *Ay i^lil jU w OiiJ IS[

4i>Jl t^_^l eUilj i^ -d^^ RR'j LL' vi^ (d^sYr-Y) JiLDl^l .fi UjS>

oVi .fiE ^^fjJl |»,;5;J.I^ ^ J4i Lij\j^ RR'j LL' ui •>?• «'' ^-r^^

(Yi-Y)J^

<J^BE Jj^ R'DJ^^JlJJa:: R'j L' b^BE J\ BR' j BU Jj>'L.Jl;^

BE Js^ ^^,BD oU lUj c J>j| J BL' i^jU.. B'D o^ • BL' J Ljlj- ^.



.A SlaiJi ^jScJj j,.~4-l j^ SlaiJi jj_iJ J JljJjj^ tJC^UcUj Oi^l—^ uiJ^ j;ut CU^

jjJLli J^ljil jjjiil A^ jf JJ-I JLi^ j>, eij^ L:>s:]j . (Ye-Y) J-$LlJl jJkJl

(_$_^i j^j'L" JpU: jf_p iiji. j_^Li-- B . V UJa ?vfji '-J^ J^ ^A^ -1'^ -^^ cM"'

jli-^Lcii jlj^l j_^" jf Jsylj J!>U9VI JU j^JL- y,^ ^_^l jJb ^y . ( YVY)

' l"j A' JLJ>p t^jJi J-i: iJLU ji . J^U-I^ \}» jLjjUdlj

JSLiJI^I.Ajup

^VI^UA

j» L:iUj fjLiI jf (_j^ Uxp (_$_^I JiJ iJbli fx» A^f (_;~->«:j jf «-(^jl^l jl^lj



vn

iJU<9 i«3lj jlyl -tyj-i^ Lo . JUI_ptJI j_yllP ioU ijj-OJ ilSwII 4_pLj^ i>^^

J ;*wi>l (A) ^a>jtw> ? F jl:p i_*iljJI Jip spjil Sj^l ^ L.J AA' J^

•' J w .i_^ 5>Ldl 4_^ULI iJULl oJLa J .J-J-ll>««•>^^5>-J^'(^•-t) J-^^l

4,^^-0 J jL^ojNl Hail JUp
J.»j«j5

Oyj_^l f'J^ c5J^ ^-r^b »>* ^J' -*-=?^ c)L:o_jL.~i*

+ uj'i^fj 5y jjl r-l::^ i»UJI iJU-l J 4jL IIa ,_j>-jj Nt . OjljJl ^>" AA'

^LJI Jii; UU w' jw ^jL^ N L.JUP ?4la2; l,\ ^j t (W«i ? AA' Jlp F L. ikiJ

.Fj^ Jlp »(5jUJI JU-L.!-- ^bjJ' J ij^-^J *^j^ bxaJti* . >-i.s<a.rII J c

U)

Xpu>

;H0

t A' JUP Mj'jA JC^H'4JU2it JbJL>«J f-*5L^Vl (5JljX« JjJU J^.».*1«J ,_^

uj' J w l^ljJpfj JL-f ^[ Li.5j^»^ Oyj—^' A'B' jAB ,ju»-2xJ.L. Oy^' OyL* Ji^>-^

.Lof L^f jlj^j^ . oLfNij 4_<>.>a1I i±_s- j>i Oy'j-*^' Oy^L* JJjJ \J-fj t Jij-Jl^
*pk:^ N I JJj lai.1 1,^ oUlsLio N Irt^U jLiJlj:^ olc-2i~- A'B' jAB Ot 1^ . hy^

/«'

tv



vv

jyh ^yJb Jyjii\ JC[a ry>
J^ . AA' o\J-\ J l5>-VIj A'a olJ-l J iXj>-\j t A JLJ^P

. JJ-I JLi L*J ^y J!)Llc A'C'jAC jLi^l . (YA-Y) J-S^l Jj-*^. -J^i-^l

ucUlj A'D' JAD uiii>^\ Jlp J-,^i^ A'jA JU^ ol^>d.l f-">Uit ^jl>^ Jl^^l;

ISU . iJUVl ^SJ^ ^s^\ jyhi\^ U. oLS-^l ^^jjtj toL«Sj_Ll ^^jjV 1^^ ^^I^JI

L'_l J

(rA-Y)Ji:i

(5js iili* ^j-Ji oj_^l i»jju. L|it 1^ . j_^l iojOPj iJLtf AA' i*iljJl jt ^y>j^

jllUij A'D'jADL^ A'jA JU^Oyj-^l J-<^ Ja>-oteAr^ . (Y^-Y) J-^l^l

uyjoj A' JA Xs- (JiJ^I JJLi-J >v9^l ,_^ ^t (5? jjJjj -A/ Xp |(^lil Ji«l xlslij

(T<\-r)js^



pU\ J 4>IJ| J>)l VA

. (r •-Y) JS^AJI ^1 , MD' = A'D'j

(r.-Y)JSLi

AJ.Jjij^ .(f'-Y) JS:^l>:l . A'D' A^l L^y^ ^ MD J^^ .5^1:^

. U~ <^ ^>ie MC'J MC ^j:^^ ^-^j t5^*^l U^ J^ i/^' AC'JAC J_J-I

j_^li j^ oil . Ji— f ^1 L~-fj (Uj«j^ w'jW u9jii\ iL-a^ j^jLjM JLp iJL,<a^l j^l

.(r\-Y) JS^AJI !>-? AA' |jc» iL.fl;>J>l J^ ias:- ijJsUi; ^yj :_^J~iJi JI>JI

. L^\:zj> Ijy^, ^!>L^Vl *-~i[ ^iJdl 5JIC-UJ t^Jljll *-2iJ.I jt^i::;

(r\.^)^



v^

0)

C)

CC)

ISL-U^



juj> CjC^^J\ w'jW jgyii\ ii-a^ jtM Ji Jj^ l-i^J^ -^ S^J "^"^b *^'

Cji iiji* JjSi; iol_^l ^;^ .A''JLp J-^ju'ju; + u;'v-Ul "^^ c?* ^J^^ J^ ^'j^

(0) ^yj . aJu^VI (i_^l Cji ilji* ^' i>ol_^l jUN JLpF jlSijI jyi L*-^j \i[ Upj

FA • MB = FA' MB'.

FA' = a'jFA=a^y„s:^j MB' = AB' = w' j MB = AB = w^^^{r^.J

a • u; = a' • u;'.

AjLi:^!jA a7^ tW-^' vt~>^' • *t^^ Oir^L.^1 (^f ly -^by J^ ' (J^r. ct^^-j

j_^UJ ^jL jJa; Ji> ^ ^L1;5NI IJLa Jl J^j: Aij t J^l^l c-^L-^ *c5^li

^_iki S/:JI |W»^ c_*L-^ t*>Li>i . i^J,*C^ ^_^-ia-J i>jJa>- J^Ij Sjj-.fl^l cj-^b

A^jyk U . AxUlj ;-*-^l iJLlI oJLa J^y Jjf jyJ^jt ilJlS' J-aJ . J_*L^I ^l^^



A^ ISL-li^Nl
c;.j^ cy

. Aij-iJ jjO. ^^b ^IkS J\ Uiyj 05 ^,.S.-.,..II JU^ ^'UJI i.j>«JU iJULI i^LJ.1

^f 5>ji^ . jii-^i u^- LIS- . s^jO! I Jla j-*^ ^_ V . (rr-Y) J-s:jJi^i

. i_.i».,i-»l L^.«:>c?- IwjL.,.9- (1)1 ^^->u IJLaj IJLaxJ

fi'S

(rY-Y)js:ji

(rr-Y)JsLi



^_^Ji J v^Lji J>)i AY

. fUJj'yi J ^^1 J J^l v!r^ J-^^ (^jL~i '*^>'^>^ lij-^^l jLax^-L jt j^iUJi

j.lki^^ .-Apf p^ «bl ?(»iUJl jyLl\j». U^ ?(»j'UJl jj-luJJ OjiUJi v-iyu-
Jj>

t_$jL.j <uj»t9- . oJLpUJI ^Js- iiij^>^ (f "jL^t oLjIjXa) ijjU-l <*>>-jj A;j_pli t^jlj-ij

I jjj JJal^ -CApli jj-l:.. JjX-^l of Jis-'y . f-U^j'yi J SApUJI is-L^ ^j-^ J-^^

.jj^l J^ c_-,y p^ i»iUJl ;:ljk-Nl . iv^U-l 4JLJ-I eJLA Jjj_^l jj-ili Jt^,

jU , t^-- » Aja." -CApli (^JJIj *iUJl jj-lAl oApli OU»t iliy U>J_J^ <jt U>w9lj jj-Jt

;J\aI^ bj^yj l^ij^ i . ijuj-^l (_$aJ iijyt* culls' JsjjiJklj /»yLI ijulji ,_/>'"J Oi-ib-^J'

. isj^pJ^I Jj^ S-LSVI 0^i*il j_ya*j *Lkpl ^l^Sloji j^j . \Ay>Jj>C^\ *t^J Li <ii.i

(ilp" (j-"^ l5-^' (Democritus) j_^Jajyj_»ji Jl_J j^ J^jj-jkli (W^^ ^X:S\ J-i)



i_j]lc- j^\ J-^I (3=*"^^ er*^-'*>*i'^ '^i' o^-^^J J^ IAj •
-JJ'lj-^' o^*i 1^1

'

Jp-f o!>Ll.l JJ foo_i • A (Eudoxus) ^.^j:>jj . jL*^l J^ IJL* jV Jw^l IJL*

^_y!l Jwaj" N oUJaJI t i^jVl diL' J . ft^ L^ J^ ij aJLU^^ iJLiS^ Nl twUS^

diJi |«-«j L^ 4l,ijJl L^j-,fl5:-j 4i, jj-l ^_j:SJJ djJL»i (^ «^l ^ <J>i'^\ cj\L>J ciN'yi

t :>!>L1.I JJ f • • Jl_p- j_^Lp j_$JL!I (Euclid) ^ySAi^ . LiJlJ *-ijj-«^ <-^ Lo (^j-::^ jU

Jlij t i^JU^ iiU^Y^ S^^ ftL^t ^_^ iSj^ AjL^ . oj_L-* j^ Jl(-f-f ,».ia.ojA ,.ja.«.!l

. (»^;>J-Ij /"iljjji iS*5U-^ ^bill JL>t; Laj oylJlJl ilSwi t,jy^

^ ^[ cIaj Ijf^ JaS J\ S:.lil ^Jjii JiVl JLp Aj^I i^LJI ^y. ^;jSCu . (.L^iJ^jU

. Ut L^j^ ^^. N ^ij oijiJl Jl J^ jt Jl>^f



(.>JI J wljl J>Ji At

jlj oJs>-\j iji dJ_>-^I ;_j»X«jLip-I /;>^ . (»^_>J-I dJ_>-j »_>aX<^ C^>^ ij' J^—^J

j_jJaj^j^J.^ i^j ^ dJLa La>- . CjIjJUI J.U- tUa?-[ ^^ J_p«:o (*^^' t_jL-:>-

ojUjt ^li j.^j^ jUl JL,^ Ljf ^_^ . Lw» dj^_ Jli jJaJl ^;^j ;ii^ Siai-I

j^ Jl*j jj*Jl II* Ja ^^^_ ^* rvt TA Jl *>l JUi . oJLij- ^_ow2i ^j Aiji J^^_

^t^kl-J ?jil J.<^ liU . JbJb- j^ t_U j^' j^,a;»w- ^1 oljJUl iJ^j\ SU»>JI oljJUl

jl
. oUJaj ^^1 Jj^ ^y^ oljJUl dIa j^ e^ jl^f A;::-'-*^ -^1 iJL* Ja-y^

^aJiII J (0^1 cjLa^) Sji \ t JLp (^ji4 4_pLi:jlj rx 1 4j;j_pli ^^JUI ^UJI

a*:
.
ox\ T_^ J^l oljJUl iJ^ o\ ^u^ 11* j^j t . . . iJliJI iiJai\ J \ Tj JjVl

. UJ IIa i-iyu jlS' ^jJ^_J^^^i Ui . dJL^ JIp ^Jaiajf iii, JS" ^ J>iUJL oljJUl

,;^. Oil . S^UU ijl^l ^iJall 1^1 t j^ ?i,j^p,JJ ;-^Lil ^iJall jt «Jaill jJfc U

ijL* (j^J . oJb-lj eji Lfio JS^ iS'l^ ojjU«io i;^l.5 ^Ij-sf J^ jj-^ Js>jj_>>ll jL^I



. j^icdl «iaill ^j^ LJU- ^yj iJU-l «JA J JjJI jj . ejjjbai

i*3ijl (_j«^bi jb-^l JuJ . ^IjJI dy\J>i f'jU Jj-k; JLp JUi*j' 1^1 'i'CiiJp ^yk U

•^^ (_y<>— -uf 1^ . il^ljil JsyyJlj iJl^ia^*yi )Js>LLo jy JS' «-o S^I «Jai» jj:j '.i-~>»J

<*Jai 0:^ jljil JLp J.^ jf JjU ^j jjUil ^ J^L^. |1 4jf ^[ i^LSUl ii.^i

jf j^r;i^l t jkil •jUUi* ?^JLi-jf J^ liL. . ULc c^Ju6^jk^\ oJl5^ Iff i>-jaJ

^.LxS' J^ JjVl tji-l J JwsLiJl j_^ Jj-^i tj^jliJl >Jal^ . LjjiisLLo

Mathematics and Plausible Reasoning



A. Aaboe ^bS ^j^ i^Wl «-^l SiJSj

Episodesfrom the Early History ofMathematics

. UJj UL*^ ^_^l 1 1 Jl* Jaj s^I o_^li <-i.>t.-iU iilJl5Lll

o_^ .X:>«j il^ ^_^l (j^^l -bo . Jj^ ?^j^ ''J j;^' .lUall cj^ jt i]a?-!5to tw-ji

5p : J^lSci\ Jl^JwiJl ^Ldl^..^i:jJl ^ jLiJVl ,L^ (Cavalieri) t^^Ul^

(-) • (-) = (+)(»- Y - Y)

-of VI t ^b^l o_^UJ J~k; *Af jO<j J^LS^I ^LwJ- j_^Ji_>-jt cJI_..t.,:5'l of ^

oLmV^ 4_> J-,.2>J t^JUl oUk^iyb Jl j^l 11* Jj, oLjUrV' t^-^*-^!

II* ^_ Vjjli. V Jl^^I . JL^I »j_,y_ L.^ 11* j^j . j^\ Up lJjjL^Jj

*:SC]j ^l_^l Ajia*; 4^f .V+i (v^ ciyu of JU^ tJ-jJI jLOt^JUl ^s<a]l ej_^f

.((^lid)) t«?iia» t((?iia))j^i Aji>-.L^:>^ji

J -JJ -^ ; g i l? V*—^ J ^JJ Ic^ Y=> + > Ol—*^ }-^y -^ji Jj*

^--^ ^ oLs-Li; «_.jf of Jp a_iCa« iil»f jLj^ «ujf /»f ? (Principia Mathematica)



?iLiLII (.Vl Ujb^ iU-i (Jt ?^f o_pw»j v;l_^tj v^l

Ji»i ;*il_^l . LjJu llJ; ju^_ Ji_^l ((?iju'lj (^jL-J^U J ^U liQj 4Jij^

(n.Y)JSLi

G *^LJI vo*^ u-^ t^Uil oUVl J jijaJl ^_^ J-**j"jf ( W^3 Wi J-**^"

J>J OJ^I Vlr^ J-^^ (^jL-i Jbj-^l fj-^l l-i* a-*-^ • ( W4 ^ W2 J-**^" \e^)

ipLJi cjjUp ol^l (j-iot) cJjJIj^y ic^LJi ._;jUp obtL f»j*JI Jt^t U^j . liL»LiJjl

.UL-



SjLj jl t J«jciJ.I jjjJl i*J j_yU Juixj" V 1^1 ^\j ?^3*JI SjLiI J^.1*: IiU^
cjj^ lil t ^jJUl J> Jl* Jui*; V dUiSj . AljLil jJu" V L^j (.j^l J^iy jjJl

el^l ^_fJU; jf IUp^ (.j*Jl SjLiI jo»J^ . j^ V SjLiVl ^jSOj Ji, (.>JI jli

Ji.) ;*il^l Ji^f Jl J**; t^iJl jjjJl j;uj>J ^^jL^Vl J jj--Vi .1* i->-t: ^^

cA ( W3^ Wj Jl.) UL- i^il^l J*t Jl J»^. ^iJl jj^lj Uj^ Ujj ( W4 J Wj

Ji.)jLJI Jl J**, jjjj ( Wjjj Wi Ji.) jLSy;Vl jyi Ow Jl J**. J3j 6ii (i>;

fl ^ji J^ .l^jjLS:;^^! jyi J»l ^^rr^ ^l^t c> ^Ml Jj^ -^^ (W4 J W3

. UL- ^Uil ol^Vlj U-r/^l (>. ^>*iVl oUiVl
J^::*:

SiUJl^ . ^j^ w::^ iJai

^ oijUb (n-Y) j^iiJtJi J ^jiVij jijjVi oijL^i ^^. (ro_Y) j-s:^i

ol^L ixil^l jjjij (vrr)>lAI oyH Jl «i ^'^* -^ J**u (V-^J^) VVi . (uyJl

otijj A;^^.i5i iiy ^f i>-jJd ip^,~o ,y::3^l tiJJl JaAil l^jS'i; lil . {---^y) ipUl c-'jUp

jjjb iiUI ^^ . 4J10ISJ iiij j_^ jf t_^ Aj-^LjJI jj-^j-!l o^ ^j ^l>^ ^Lj^

«-»i~u jf (^_^ \t^ J*ju V ^tijUJl J*^ 1^1 ' <i^' *^ ^-*^ ^^ '^•^ '^J-^J^^
jjJb ol,yulScJl JU-U j'lJl U^J . JUJ.I iJl* J iiUl Jt« olwiLJI . iJL- Sjj-^

.JaUJi

jLiaAJ a^ J w^ jf > i; ,<«^ jf t(_$jLiLI iijJij (_) . (+)=(_) ji[ <. 4_«-LvJI k_->jLdP

•
(-)x(-)=(+) 'jy^' «3 J W3 ^i5j (+) . (_)=(-)



A^ is:^-u^Mi j^.jl;^

©

+
e

ijii\

\' -

J

e
-• «!-

©„.

+

(•/i

-»- +

(+)
t + f>J'

(ro.T) J5Lt

?s-^jj of (jSl«j iji~^ Vlr^ J'^^ LajIjlIo ijyJa Sj^ ^^f LjcJs . i—j_<JL» oJ-c-La!!

^_^i VV'J •'^--i' *er*' -^Ji J^ l;^J • V~U V^j-° c-s* *s*^ iP -^^ i^^ -^r^^ e-U-UJi

S^UJI C.a.t.T5ri ei^ oVi L:J ot J l,y>^ iJL* J^j ^i^aijJl JLp JLill ^ ^ykJUl

(Von Mises Flight Triangle) o\j^ j ~» oy .^JiU (•; _ Y - Y)

Uto . oL^i ;k-l_^ ;*9ljJlj 5^lj JjQl ^h,„ll ojl^: o^/U L^jj ot j~-

;p^i -uai: N L:i ?vV ^^^ :>j .^ali u ^Njf . SjJLk! i_;i_^i i_p^i jujbi



\ • • if-J^

^^ o^^\j Aj'iU- ^2^ ^4ai (JJJI t-lj) jU 4_. JL SjJLkJl i-P^ (_^ (^J*^' • ^-r^J*!"

ip^t iJ^i . lulfC^tl i.^\j \J^^ L» Jjw^l . L^ji jUa; j^i ^jbU i~-JL; iPj-Jl

^ oyUaU wijVl <Pj-Jl ji| . J^ i • • iiLII jt ^_^ (-jL—J-I J-jf~^ . oLc-L.

CJlS'^ ijL-- l^ J^vaj (_^l iPj^l (j^ijj cJpl ,j~ij j J—,^ Ljif ^1 . L-./ J_j« ^ • •

J jj-Jl:»«j1 jj-yJ jJ[ iaJJala ojL^ j_jL«^ ^I Oj_5LkJl jl ?*—wslj . i—JCJi ^^v*

. Uiul L-/ La ^ • • iwsiJjVl LglC-j-o j_^^ tL-/ Lj.a

ku- *l_^l jl^ iii . *l^l ls.j^ Jj, jui*e Ijla ?s^'LkJL! U\ji\ lt^jJ>\ ^_^ L.^

. iwsi'jVl iPj-Jl (j^ j_ykj L-/J^ ^ • •

L-5ljt» ^Lj -Ui jUaJ 0j_jLkJl jtj ij_ijJL ijj-dJ ciijj ojLj-Jl jt j^l |_^j_iJ

Iji^ t|jLj j^l SyUaU W>jVl ip^l jt «^ . L./ J--0 Y • • if-j—J T-L-ij-Jl j^f' ju-laj

LjiLi-j ojLvJl ^y^p\y LoJLLc- . L./ J--0 Y • • iol^l l.f:p^ jt Vi t (ojLj-Jl 4_p^ J-^*)

L./J^ V • ' ^1 V!>^' U^.r^ -^>' <jf oyLyi ,_5l* JU L-/ J-^ ^ • • iPj^, 4ja;>«il j^

I il l^ji\ ipj^l ,j^ ^ SyUaU V!^' 4_cj_Jl tjLsffl.t*-L; . ojLj-Ji Jji ^y^ ^_j$3



. UjL- ob-iiU ^^JJl ^1 j^»j ^^JJl

i PLy> s^lkJi! J*iJi jLJ.1 »t;,^ t iJLS^j . iJL=^ (JuL^-ijVl cJl^_^ iL,a^\ ^jJ6

V LoXp t )J^ (^ . tB 7-Li^l '^j^J 3 Vl>^' W-*^-*' *Ju*»^ ^ u V^jVl 1^::p^j

FlT A_A*iJI i^jVl i-cj—!l oli ( O' ji -L Jt^J^r-^ PO' ^sh c'^J ^'^^ '^J-^

pi J t5j-^l 4^jVl L^^^ JbJbi ,_yAS^ oJ\]ai iolj^l 4_Cj_Jl J_U>J j_^ oij

of ojJby. oly'Ua)l_^L^ . ejjU ^LJI j^ LJULI (.L;Vl of iK^I . ^U^l j^ JU-

j»jj J SylkJl! ^5j^^l i-^jVl AP^^I JbJbi j_yA La ilojJI iiSwll . SSjlj t2 ^Li ^
iiSl^ L^[ . ia^Jbw jjij u3 iff'j^ AiJ J OjjIM! i-^jVl iCj-^Ji J^ H-r>J-" i>»

Jl^



-btJji.^^;^U<U-5jD.i~- t((rV-t) J-S^ljJi:l) Jlj^JaJi^Ui. (.^IBC^iiili

Jboj ' <->J>l CAj BC t >IB ^"^UVl Jl>t
J.. . JL^Vl J..

oU. ijL.^ Lfsi*. ^y^

(-9^ L:i3j . 1^ J53 ij^jVl ip^l k_jLj" >Jax~J 1^ JS' *iaij a3!>UI cJjJI Oi:J«J

ULj A^lycJlS' "ilL. 6^'UaJI jt^^ . i^jVl ip^l i»Jj «L?tl J_i£^ (VV-t)

(«1a!1^ SjJlkU V^jVl ip^l oil . BC j^H\ ^\ Js> d\jJhS\ *UJf 4_^L^

^yJ ^L^l ip^j «Uil of ^i J^Ij Oi^*^' iljutLaJl y> Ji Jj> Lfi« Jif o^c^ BC

j^^\ v^jVl oU.^1 oU V^jt ;p^ Jif Ji<u j^^\ j^IaJI J> ol^ lil jS:ij . oL'

(rv.Y) J5^



, PMiiBC , PLiiAB jif j.^ . cU'yij 4^1 J (rv-Y) js::jJi J ;j^wi (..^Vl

Jjb ^oyUaU a (_gj.sa.a.ll aJ'j-^' a_Pj__JI 1w~*~>J j_^ oLj;>sJ.I eJl* J—*jCuJ i_i^

. J^$liJl JL*: of Li* . c-jUc oUl of ^_^, ^/ IJla . ioU

Lf/Jb- ?J^ ^1 J^^/l il* ofjJlj "b/f ? ti5 Ji- '*>.:uj r-UjJl J-ii ^>SUil ^ Jjb

if>-j^ i«-jix.^ lAai ols I JJj t jl^rvlaJI tLif Oi^U oLio r^^jJl «W^b **>>- of L"..srt>JLil

J 1^ . L'*>WI (1)1^1 .^Jbi ^-jL^f^ J^ oLjil J i^jVl i^j—Ji i-S> J^ P 0^

<-^_^l Jj<iJ oil . -cuJ <_--L>J^ iSi\A\ J jc J_j^>J>l ^lJl) j_,-.5U!l ^ t UJs t
"^

J ^^UVi tiJlji. JljTL ^^_ (rVY) J5LiJl . (r^-Y) J$Ll!l>:l . tl5 A>d>L «u^

LJly. 4_p^ 4.^j^ OL (, (r^-Y) J^iC^I J oil . POL oL^I dJii*j oL_^l

TO'of U/S JLiJ ? POATj POM oLiiill ^ liUj . Cj ^is^i^l Ja^u) ^ U*j-*^

.(i._Y) J$Ll!l^l .Ol^l «^Jli»i>« |*Ju«i tif el/l J i-^jVi iPj^i ^-S'y. Ji^.

uj'iLs^^t^ Cj iaii^ . PO^ AJ*>^iJl oL^i oUli. dJLi^" Ul^ Ji^'b/

iLs^^ »3 (iiiiSj OM V!>* ^^j-'J "^ ^Ju^^ 1^ «2 '-^f (1;^J ' OL V'j* ^^j-'J

0i| . (^j.sa.a.11 LglPj—J oi^rvlaJI >^-il« J_p- OjUa oyUaJi ^^^j . OAf ^l>* A_Pj_»-ju5

U-s^ UOaT) OJVf tOL'ol^^J^I oil .f-^LiVl «^ioL'cJl^ai>5iy>l Lg::*^ i«J



(.>JI J i->ljl j>il M

(i.-X)JS^ (rA-X) js^

^jM'j Js^^I o-;--^ '^> J^>* '-^



C^\il!)^J

u«•^l^(

^ e •; i J jjj . JJU 4^'U j^l t JjVl 4_w-L cJj^. (Ga/j/eo GaWe/j j_JUU-

O-*" li "-lA (^ • ^bj*^' o^a^ 'J^'Ji Oi-^ i^L (»^ Aj'ljj ^jl; . n i Y J jyj

: j^\ ajL^" i^ j»:t ^^1 i_ji ^j s ^r^

"The Dialogue Concerning Two New Sciences"

(>* ' p^' ^J^ ^-A>c^ J I

—

'ijjli J oj^j^ AJijjf . JLiLSLo ^_^L>Jlj ^|j j_pL^Ij



i aLVI dJLL" J . i^ljjJl oJlA J^ U Ol^r- o53j <_JaJI j_;-,Jb of *i »jJlj ^Ijf -^

oJLa f-U-JL-l 1^ j-oj fGa/en)j_^_^U- <^ ^^Jia J j_sa?»;J culls' i-jwU^I i—ljjJl

?^^l Jai-j sJL2iJi ^L-^Vi ( ^ - ^ - f)

jAJ\sr^j t ii-ii!-| ^L^Vl j^ ^j-t Jai-J iUiJI ^L^Vl t S^^jLjJI jJa-jf S_li=-*>U

w-JjJl j_^ vj V jcs'j^l jL«::SLij OjSLJl ja oLkS—j wj W ijj_«.„^ o^j-^

5.b-j A«j W+ w .^j_ll j,^! 4_c.j^ C/j^ ((? Jl,^ U xJ-\ lil <ijJL«i liLoBj-JJU-



>ULI ^.^ ; JoJ^L UJj^ L5Ll.jJJU- jir ;oJJIj Jl. . jJiJij jUUl gUl v_j:Sj

It: cJJj>-jf ._JaJl ^1^1 UL ^1 ik^Vl ^ diL- ?iJli lili ?IJLa lid ?ISli

a* '^-^-:i c-^ J^ jV))_^jf ._^ ?a-it!l (.L-^Vl kL^ lili . jj^l j^ ^L^Ui^f

.^.^1 IIa J jj^_ ^jJJU- i^.jj.l^.^1 J ojJj dUV t V UJ» ?ijJ-l oIa \j^

: J«.L^j ^^yi J_s:^ oj^Jii: J LLji^ jls'_^U- . ^j^jA\ Jiil^_ jf <-Jip jlT

W^" u-^Jj S^Lyj UJj Li-^j ._ik. jlS' IJLa <Uij^ . (( ?(_i^)) ^;^j (( ?liQ))^

^^UVl oOiu^ jir JJLa 4JI j^ ^\jj ((?;^| ^L-^Vl iai^" ^Lr» jir <UI j^ . LJL.L-

*-J!>UJl ^jU^I^I) oL-^L,^! iJjL ^j-iS:- |»Ji*Jl iUvJJi ^L:^ jf_,_*j

. ^i j>. Jif Vj UJ:> Lj>lj U^U jl^ A3JLA . (,_^jliL.I

VjJl ^y ^<p>wsJl Jl >JI JL l^f . ^Uii i^jj3\ ^ Jl >JI jLj_JJU-

. JjJ^ jjjj (_^L..Vl ^j Ii5l»5 . l:>^^j>^\ iU-VI ,_jlaptj ;^Lli



^LJI Ja^t js^ . h>^\ oilj 4JLJ.I oilj 1^ ?iLiiJI ^L^Vl Ja^~: .4>^

iaJuJ AiJA\ jtL^^^ . pJ^I 1-4^5.. .. ^^1 ^LII ^ ib>- ^^1 jt Ji^%.

j_^lij|yk U jil . f-jL^^I i.^4-Jl iS"^ jt pj>\j . iJlp iiL^ j>. cJai^ lit 0^

aJI i ^;^ j^p C;yJ>ci\ IJLa jt ^1 J-^jj"
J>.tJl j>. oly^ Jju . i-jJ-j^j jy-J-jJl i_>-t

^jP ;>.5dl oIa JI J^jj-
JLiJ . tjU. jtJ^ ^f jj-l J?j^-Jl jtj^J^^ J[ t5-5>.

V^L^i ^L-VL .U l^LJ
^;_^

Li3j ^Up"^! J>.x^" <P)1^j A_aJj LJJl^ J.^

jUI J t^^ [S iJL^UJI 0*^jUil JlP JUI*i Lk^ ULa^ JaxJ jt
^

3-.
ia.->.....; iijj-l

*:^ i.^1 .^ jJ^ iilJ.\ ^ j|j>" ;p^l jt Jip t>Al jJlJU- OvJt oil . (t-^-e)

ip^ jt ii>A>- JUpI jjSUj ^f j^j . ijj^^ ijAj^^ jt_^U- ^J^ jlS' . txj jt jjSUj

yk U jil . iiUkl «^ tlUiSj cJ^I ^ f-jL-l.^1 i>ji-Jl . cJjJl ^ -^l>^ Jpj-i-Jl

^^^Li; ^^1 jtyb Ja ^0>^ Ja-ytyb U ^cJjJL :tp^l Ja;_;i iiJJl ^li^l J^l^l

ijP^Jl 0^ j^:>waJl JI>JI -bt ijie -^ • (JL^I>^^ JI>-_^ I Jj' ?cJjJl
ijc. LiJ>

oljjt ajjJ ^_ ^jJUU- jt j-?Jb" ?LJup iJu <s^ j>._^U- Jiii ei-^ . L^IA\

JL>.lJ iij>^. Ij--^ LiSjt lil .
iJ^I 0^ 'J^ J *^^'

t° J^^' 0^ *^ *^-^ V^^

iiU.\ dy\i ,_;aUw-j jt_^U- Jlp JlS' . aSJljj Jljl; l(_i IIa J_*p ^^;SUj t iil—II

-Vl ii*)UII (>*^ *j' jAj j>.j3l »^ Lj;1» (_—Ljj' 4_ej_JI jt (j^w-io (i-UI o^j-'b



<i%JI ^u— I i_i5 JLj of Lip t Aj;;j«ii j^ LJu*j_JUU- ji^ i-i^ j,^ ^_^

._^k--jl jj^jjJUU- Jl» J.«jC»- aJUjJI ia;j.»«^ . Aij«ii l^i«-s^ ^_^lj jyjJij <iL-ll tj^

.^U- ^,,,-i 1^ oUilJI ^iU v-tJ^I jj^_pi jt Vl-J^l jjl^*-*^ "^LSLif
(.

. ISLoL.jJl i--!jj J^t

VjJUU- i-^__^ i._.~-^ -t ix> <d>^iw- Jj«j V 4_p^>Jl ^.^^..j:^^ ^;.a? t^
^>- jf ^^'J

V = constx t

Jyyj < O^i^b ^ iPj-JJ l^a>.lvJ ^_^l ol Jb-pi ^_yU JUljJ C-jliU ijJbJl i»-iJI

OykJi ?»p<ajj .(gravity) ioiU- iUS' ^yi ^_jjLy_pi IJiaj .g yj[j c-jliU j-^U-l L^J

(Y) s=f{t)

( ^ ) (>* ( ^) -^-^ <jfJr^Jl^^ Ol^

VV ^^ ^->J^I j;^ i^PjLJl '^J~\ jcs.\ ^t^ i^'li 4_pl J,. ?4K>il J^ c_i5

. ipjL«l« jS- 4 o WT', a OLS^^



80 = 40x

2

oLp »jj-,^'

»^l X AoJarll icj-JI = iiLil

J^^J

(V) s = vxt

I Jl* 1^ 4jd\ji\ Ap-LJwI of iijo*^ . ^yJJI jj-^ (^Jly iv.
>^

"
-"~^ Ja>- 1' i-C'j—JJ (JW

JiC 4_frj) la'all iJI II (f) ^ oil . VX t (^jl ; JJlMI J.JalJ.1 i->-\ . (^f t ,>>^'

Sjj^l ^y. 'iii[A\ »Jla ?( ^
) J jUl *-^l_^ U . iJidI j^p i^jJ-l Jl^L oVI

.(Y-f) J5LlJI>;l.g*Ly



>•>
iiL.UijJ( j^jt; J'

. (V-V) J5Llil J ?t-^j-« <i-i>JlJ >woyJl <b_j-iJI \1a . ioJkdl

1



tYVuY' t . . . t^» tVVrtO tYVu>^olPj II LJL' >.i..^ JS' JUo SjL^Jl

L'/^Ji Vt o^c^t ;p^l J ^i^Ull oIjLjJI jl cL-:^ v-i^l jiJii<H Li^ Jit Ir? VI

.U//»Ji j» VAj ia«

ol_)iiJl jl «^ . (Jj>-\ ly cJuaJ ^r-tP' ol JLiJij oIpjL~jJI oJla jl j'i/l ^jJc\

jl >^--p- «^^i jl Jioj Li^p Jit l^t VI t olj^ «jjL aJL^VI apj-JI j>. J^Sf icj-j j^^Sc;;

ojbjl lil . L'/^Jii ^>» Vjb L'/^Ji Vi j'Vl c->.^t 4_f.^l J i^Ull obL.>Jl

?ipa; APj^l J 4i9-Ull obLi_pl i j^^l jl Ji»j Li^P Jit Cj.t-^t t CjIj-o Jl^ oljiiJl

jli ljy£ n d~^ iJWl j^ JL oljUJi j_^" L.JLP . L'/^Ji o ^ VJb L'/^Ji'/A

t n OjlJl^ .iaSs li//>Ji -^ cu>»--^f iPj-Jl ol^ jl W--J- ii^ ?i~^

jfi- ojj.^ i_jai>6~wo LdL>-j tjJUk jli iilS^ «jj .^' °^Nr^ " LJL*?- lij . L'-iL-j-j LjJ_^ \JS

n C->«~s^l I J^ . CUju (JJL«-»jj "LL,^^ *JJ
^'

'fr**'r*^ '^'_j~' iy SjLj«JI (3

V

VjI />*• 4.~»«.~.^

. -bjj L« jJlL iLiLl r^A ^-Jjj^l eJbljdl SJLalll icj^JJ i—jy<Jl Lf-j-U jlj t IJL?" Ij'^

(T-X) Ji:^ ^04 liL. . 5>l ^kiLJl (.1 >-H\ JIp jJa:: 4_li;-!>ai oIa u^*

bUj iLxJ ?t~saj o*>Lku~il Jbljii LjJLp ? « J^5ii L«jlp dl—iJ -uu^j (jJ-Jl J^-^l^lj

«•

Jj> (j» k_JJli) (JlS' J^^ '^J^ ^ J*^ ^ = <?• ' iT**-^' •—-^ (jJ' 0-LJ.I J^aJl ijj-^

(Y-f) JSCdl J,>.^lc^^>il^U.I Jiilia .(i_r) JS^JJl^Jl .L^i^LJ.1

l_^;k^l_^ t jAji\ j is^j^\ U53I isLJ.1 [{(k_j))(i_r') JS^I J^iiMl ij>-LA\ J^]

Jii AP^iaill isl LI jl Vi iJar^^ i^jJ-l jf j^ (^j-iL; ? jj_SLJI j>i 1^ ^ ; J_;A



\>T lSL.bjJiJl jt.jU ^y.

^^1

oil .gf \^\Juj\j t I^jpU idJll.

s = ItXgt

(i) s -'.&'

(((^i)i.r) JiLi (((!)) i.f) J^

t^JJl O^^UJIjA II* . (t) iJjLxil J/Cfj j_JUb^ l^ ^^JU:^I ,^1 iJc^jJail ^ «Ju

^ U~i)^ O^i^l ^ L;>rl9 k-w-Ui; ic^l of ili^^ j^ 2^ ^^jjlj j^jJU AiLlI ia^^

J^^J^I iJ^L^_. oLJ c f ^" JS3 1 gf2 ^^1 cJ. ji\ i^LJ.1 cJl^ lil <Ljf

Jj^k- ty" If^ o^^l ^ ^j ,>»}JI ^j^ ^ k-w-l:::: ic^kill ^iLII ? v = gr jjJiJ

^L-:>- ^y. o>»^ tl^^ J <^:-^ JijJlJU- o_^. t j:f^^ 'S^j Jj^ '^Wk <-il-Wl

?IJu



^jLi>}\ jlyj>[jj\ iijai\
\'i

;
jUl Jj-Jrl ^

t



^•0
ISLjLjjJI j^jU j-«

(o.r) JsLi

Jilil ^JaJl 15L«L.J (i _ ^ _ r)

i VaXS-

Jsj-i Ji« <Jlo a 4jjIjJI^ j.»x»j ^Ja~JI <d»j.cj t^JJl ojJi\ of tw-Ij . j-J-I 1>j-LJ\

. JJ.I ijl^ ^Ja~Jl aJU^i^ t^iJl 0j_^l iJ*>U- r-Lu!.-! J oJl^L. IJLaj 4_~il) 4_a.>tjiri

. (jjiJi ?-'>L^f t5jl_^ OjJUJ (^^>-^ *lai«iM>.l ^_yi* J.«:>J -^^

iwsS'lii . JjiJ \^ ((^^^1 ^_yi* k«.sa.i)) of LjJU t f-jl—,...r..l tojL^I 4_f-j_- o.iLjj J-^f

j_~.i-l ?^L~J ofykjjJJU- <-i;_«j *yU oVl iJ>j_*J Lol . 4Jjj ^^\ t (j^jVl ^iL:^ Ljil

jJCj *y j«—Jr' '^L' of ^ . ij^jVl j_yi* fjL-Jl (_;--L- t^jL-j j^l ^eia->i ^_yi* JaiLJl

jLf J <oV Jifj^l ^_yip <o3j . uiLjwif iiw. Jbjj <oJj of *y| (j^jVl |_^i
j^l ^ -diX;

. <ojj - Sjj jil SjajI )v>i k_~-jLii _ 4^jL.J - y>-l JsiiJi . ^^jVI f-jL«Ji ^JL«j



.^yjJI j j^Jci\ ^^j_kJl ^pi*j ijoUgA_^l oil tC-jU J_^ lT*"^ t j»-i:~~« Ja?^

. f-jLJl ^s\ iuJ.U-1 >_.......o ^j^ j'yi jodJ c-jli!l JJb«il ^_y'g <,jUa::>-L

. JUil ^i c^U ^

_;JlJl oU^f Jjai ^Ja^l of ^ii: U .1_^ . (Vf) J^LUI >:l . JJU^ J^

aJU ( ^_Y-Y) XJI U^Jb" lj>l ^2^j) . A>Ja—^ ^.^y*^ Oj^.R ?=kJl Jw*3 ij J^3-jJl

AijL~« j_j^ IJUj) ?r W.JI ^_ylp i_;ij_<»jJl g cos a 5j_4Jl
j_^l g -L^l J-Jj^ oL^Y^_

Ji— 1 j_^l g sin a ljj^\j (yrJa.-Jl JLp Aj^j^^^ ^j^ -^^?:^ *^ "^1 '—r^ ^ oj_aJD i—^Uwj

Jl ^f^l oL^*^! j^ *yju) Ov4 oU:l J J.»j»:
jJlj ( g^ >iJu) g sin a i^iU- JUf

.(Ji-f

(^)

JjLX^J LjU g j>i *^ju g sin a iui^-i JLf ol ^

t) = g-f



/\^^ tJ = gsina-*.

(i) * = 6-|«*

oil t ( ^ ) iJiUJJ

. *i^ 1^ J;5;5;7;... ^ ^_^U:i iJbdi i>>^l So^^l ol^

1 oi _ oi



^jiuki\ J wL^I jjWI \>^

A^J

(«) w^ = 2gs.

;J:.U. OjS:; of ^y^ "yt ? Jilil ^jiJ.1 Ji--t Jl ^^ ^j:o- lib. t sin a >L«Jl "^^

(?^0) « = 2g sin a • s.

. JyJ^I IJla ^rvi>J 01 LJlp

,^r« xL...n,

(v.r) JiLi

O X»jV Xt^j^^ J5lii (_gj.:.>...l.l J^f JA ^J J-'ajj t = J s = iV =

V = g sin a • r.

S = i g sin a • r^
('i)^J



Js- Jva^ ^ jJLj g sin a ^ J>j^^

V' = ^^
9 . 2

g Sin a

jf J>J iiiLJl <i*>U!l JT^ Jf- ^JA>,yC^\^_

„ 1 . v^ v^
S =

o g sin a
g'^ sin^ a 2g sin a

'

oil

( «)
V'^ = 2g sin a S.

Hsina= -.

-^ ' (
'*) J sin a ij^ t>H>*^^

V2 = 2g-|-S,

of til

O) V' = 2gi/.



<. a = 90°jj5J Uxp ^_^ j_^LiJl jJio jt >J^ ULs t a ^ iliiw^ L-jS^I ip^^l

of j>j(n)^

(V) lmV^ = mg-H.

^J Ji[ m ib$3l ^^; Ujl^ *r^i^-l -Ui Ji-iJI Ji*j mg.H ol* «u>.j t w ^^^l JLp

4iU U. ol . aS>I jLi^ Sj^l U. of VI i^L- cu;l^ ob oisai IJL* Jl ^y L«.iju> .H

Vj>\S CiS Loj ^5^-1 Jajc] ^Jj>c^ 4jjjiJ.1 L^Us oU t k_a...J m iJJl; LoJ.:;^ . k^\S

^iUaJl j^j^ t aJL?-] 5jI—^ _u>-^_ V . ^^Vl ^j ^ JjVl Sjl ^ . l4s> ^^-wii

ojju tU- j>. oli diJJ^j _ 4;li 4jf VI t /»^l lift ipLv»^ tiLijfjJJU of ^
iLli (n) aS"^ of (Jlm oLS' . (V) 2;5L; jJ_i;

^j (n) ^-^'Ui^j-JUU-jIi J-dJ . OH'y SJ.

^U:jl XaJu AJU 0.^5^1 iJU
J>.

^jAJ, ^y.^ Js. j,—^ jj;j| lil Ajf ^_jOt<>^ (.,_^«SUJlJ



\\\

(A.r)JSLi

pJ^I . *LJil iijiLAl ^jLJ\ (.loi^l ^ ^^1 Jip iJlSc^Vl ^;^ ^. AJlJ Jlill

o' ^

(^-n J^



. ii> ^Sli* ^j lj\j^ J[ dj>c: kJ^\ ^iOJI ^y3^_^ iilic^Vl . ii\Li\ ikiJ-

iitwj iLdj 5_^ Ja~*"J Oijlc-~° t^l ?r^^^^ ^U:^ ^r^-SCixU A-aj^jUl ijj_ijJl IAp r-LixJ

j^ JjjLjJl jUioJJUj ia_i-l <jyi ^_/! ?ijo^l lili .(^_r) J-S^l^l .ibcLL.

t-J.\ t_^»i.-~j jt l-L>- jjSor .of VI t A3j_;j J-JL JjJLjJl (i!>Ll»l j^SCoj 4_;f «^ . jj_SLJl

?djJL4 liU . <u~i>j aS"^! fju Jj_lJI Jj«r«J ofy i_j-lAI : -Uai oj-b <*ijiJ Jj-^l

jl^lj Uli jj>l j^ U .4-1 j;u iiLSc3-Vl ,jjaju J_^jj aJV L«li aJUaJ V (^_^j:—il (j~Ai

. JjJljJI i-Syo |_yLp jLjw liJLjf 4_j^ j_^LiiVl '-i^l.>>- ?i->«^l oJla c-«.'>^ Ja

jf ?(A-r) JS^ J Tt-.-i^l JJQI (_^_^->>>^U i^?«:^ ^^^c^l »-^ ^^:-*V J* :_y* Jl j-Jl

ijy^j ajjUJI jj^Vl aj j; ^aIjIII oIj_j1~<JlJ i*.^ "^jyJ"! Jj-lJI aS^.- j^ cu>cu:u-I Ja

J-^
(_$jl—J aLj JJUjl.~a j^ l-k;>- o^fJt^ A*Jai ^^yLp Ja_ai AjasJJj i^J.s'^ L^[ . P JlJ>P

jf Oh^^-* «;^I ^jl^l 1^1 W" U-^ "^.^ J^l ^LjU a* ^^^^^-^ ^>^' 'Jl ^^-^J • (i>-f

^y ^V "i^^ Js^^^ ^>l .::~^ ioV ^^ tipiJJl jLJ.1 ^f .j-j^ ^'U



\\r lSL.li;jJI ^j\:^

.(^.-r)Ji^

O'

f^r^J ' Nj jIc—J"' ij'^'^ji -^^' i^i* -^ ^^ ^^ ir^' J-^ '-'-'^-^ ^fci-i-lii liU

jj^ . A/(, J_^ N(^ ^y *yjb JVj J_^ JVjL Ia^ i_i^ S^'b JU Juj l^ IS^\



\M

(\r-r)JiLi

J iVj ^^r^ La-i^ ^-^ liL« .L (3y 2Vi fl^jl j;^ • oLJa*il J^Ji-*j J^;_»i^l

.(\r_r) J5:jl!i>;i

d^ c tft A-Ja^l ^ Jlpt J\ ^j-^w^l ^ 5^_Sai ^^_j^. L.J-I Jlp J , ,a, II

JOj IIaj t iVi jl^l J_p- c-iUl J ia_J-| tj^^ H^ J2=>c: ljS\\ . H^Ni = NiL

^ J^l V^ ^f ^ki: ^1 i_^JwaJI L^l^L OlS' ijfj ifj Xti iji^ i«y- S^ jf^
.iijLl



We l^L jJl jujl:^

i-jj\s^\ oJIa ^I cj^JaJ li[ La Jip Jl-^jjo IJL» ^ A-J L»
j_y!| iiL^I -Uji ;_^~oj liL»

(^j::J.I ^ j^Q' (^jiJ.1 J^ C;*'^' o^>*^. J-^^' "IpUJjI ^I iy«j iUlil oLyi-il

jf ;?-jjd il^ ia~-o J_ll Ljk ?cijJ4 liLo . Ljj-i: ^_^f AO' jf jVl ^j-iJ . ^Vl

L_jjjl \^ . .IpUJjI iJLw^ iSj^^^ ^f ^1 S-i^-^ ^W-f ^laS. jf r-'^ (*--Jr'



il:>3l Jilll t^jxJ.1 jlJL>«j| ilj ^r <jf ^jU: jjjb js^j |J*J Ids' ?;p^I ^y^ liUj

JL. lil . pj|-l le-j^ ij/jil^ JS jIjl>»jVI JS l^JLSj aJU. apLsa.1l (,—J;-! 4_p^ |_yiLiiJl

Ji-f Jl^ AO' JL« lib ^.^ Li-^ O^. ^^1 o^'^ 'J.^ L>f Jl ^' ^O'

N/ ;p^| floLc Uif AO' JlS'_^ dj-L4 liL. jVl . UjJ ^ils 5j_^_vaj .jl>^- 4_Pj_Jl jlj

t^jiJ.1 ^ l^jJaS |.j^\Jl ^iLil j^j . oL' Jl^ pj;-! ;p^ . j_yii:J jf -bj; jf ^j^

. J.VI Jl j^. jf ^1 ^ ? O ^UljVl Jl ^1 :yJ ^Vl

/^ 7?jLjI eJiA jj,aJL>ei^ ji A^j^ LJLj i^^jJl Lijl^ <»^ (ji:j aJLJL?- aj JiJ c-^iiS L«

= T;
g sin a

j>i ^JiilLiJj^p^ji^l Jl Jjj; sin a jl 1<j .UJ* iJLiil v-sj^JaJl c-^ T j^ijJl

Jaiw La (,-~i-l jf^ii JiiiS' . Liif Jilll jwij L«J_:>p S-Jl^ V «_wa; 7" jLs j-^-^l

a = C-JlS li[ . g sin a fjl—~-^ (^f t g sin a L-w-iiU- jLf J 1^ LUj—i--

. oli ip^l jl (_jj»j IIaj gsina=:0 jUsina=Oj

jj.sa.a.) l jjjli_^JLJU- L^ 5;tju:u«l J-iJ ?A_i^,_laJl iijj_j^lj i_jjL>«dl oJiA i^jo liLo

Up o/ lil ^\ ^..S-,„.o iap^ J iJidI isy-l jf j_^l ;JL- J^,»i^. pJ^I . ^-lUl

J Li*.s<? ^liJljj_sfl.a.1 l jjJli Lua_>»x>-I LJ| ti_>?- |_yi>JL*j Ji ^JUl f-^J^\

t OiSj:>-j^ <iy^ /«« ^">l>-j Z;^ i jJLjL?- ! .i».«/?jjl , g« ''is^i (_r*l J^Lf' jl l-i* . <*—>-Lui»ul

. 7tij-^\ /»l JLiiJU-.Ml Jl 5^L>- VIjA U (J-o-^l (.1 JLit^U-"^! . Aj^
jJ

- jj jli' JliJ



ijSs- J^ ^\ js. jv^l ?^_^1JiJl jj_^l jjjL^ OjJLa]I IIa L.iv9j lili j>^

IIa J^ !^j>Cj_ U>^j 4;>wo a:_^ . a::S>- J |»iU:o ^_^ Li ^_ 'if jljJ-l jf jLJ^I

. ^'Idl J.«lii 1 <c5^j hj^ ^jVl of jL*j olS' . LfCo ,_;^2liJl « h-:.,.! Ij i-yj>ji cJlS'

J JJijVl ^y ol5j tcjpi dlli J p^jJi ^ iij^l iLUJI *L^Vl ^^^ uJ^hm ol^

^»" ' "^ ij AJjJli ij^t^ ^twsl jJLJU- Ql j^l^;
. aUVI J[ i«-JaP c]^ ^f^j ^ ^.; 5j-^

.j^jJ jj^jjJJU- jli'jJJU- .i.l__^^f jl^ IJJs
J.**'

fLku-l_p <c5^j 1—
j__^

iiJiaJi jL«<. (V - ^ - r)

. iJ^ 5^Vl iJKJl ^J.I ^^fj tjJUU- cJj J ajjUI 4^JL-VI ^j::^! oL^

liL^I . U^\ il^\ J[ ^iUi'yL ij^\ i_^i ^-JLj^f 4J Ji J^ lift ?iijJL4JI j\

<ijj!l}\ pJl i_9y«j t OjAyJ 5_^^^j . L^Jl.- J| J>v»^ *i j>»J (. 4JLJ.I oJlft J jJJU-

jJUU- (_5jJ ^;^ ] . Ixf iUs c J iiiiiJLJ *iy.l «_^jLio of *IjJI a- dJLScu-'yi J_^

i_^ . J-^f <^.j^ ^\ ij\a>- Ji«j JjVl c_-j^l of jS'JL; j^ c iii:> oLxLa! oj_^f

oi . oJ^L^io i>Jljb»-l jjL^j j;^' (_r^*;
(»Ia>«x^L J-J-I Jl_j^-~j /«_Jai_J tj_JJL>- ^ySs-

. (M_r) JS^^I .jJUU- JJ- tijs^yf ll-fjy-'yij l!isf jjUJ.1 Jb-f J«r



(.jLJI J i-^yi J>)l WA

(M.r)jiLi

j^JGl A>d.l Uljilj i<^ LjJll»j «ijdl iAy j^ jlia-J Ujlp ^JiiiJ yi ji:jVI ap^I

LV-^ lil . ^f;i j^l ^v J ^Vl j^i Jj> u ^y, ^1 A>ai JU; . O ^

jj-Adii ^_^U__^ij- . i^iU- oj-b Jbf J j^v^j ^_^ aS'_^ ^1^1 J ^ kJ\^\ kSj^^

(^) X = ut.

y = «^-

ti' (. ^jj y ^^\ ^_*:^ 4-9^ IJUj i.il^is-^ ji\j>j^ IJL* -ji^

y= Ut'



^1 i^i^y ^yi~\ ^^s^ i_sj— t V iJlJLi*^! APj-JL. ij,.^! bilj^l ^[ j^uU ^_^

<. y2J «/l Ol^lj"^! ^j^ (^jLJ ioiU-l J^-Jt; C:^j V ^j—o O jx jlkil j,.,>-;>U

ojjb j^j JUII J i^lj^flj irfi^-l J^ oj-i^. j^j V V'-^*^' i_Pj_JL i^ljY' ci^

j^^SUii jj^ oil . 7«r"<->.* (j-SoJlj <uJlp jf ijiU-l JLf J^j (_yU JUjju *^ t*^jf LSIjljI

(A)jj»jijL?-*^loLla*j'(^)Lj(A)oLJiL*il ?jLJl (i"5LL»l 1j^ jlj_iJl j»f-i->u to'^i

t y yU-l v-f^l ^i^lj^l^ J-^!^ (^) ^>tj t ^ aJIJ-I i^Vl i^lj^l^ J-^^

J-.a^ «a.j ol^l iliil ^pki^ t cJ^I l:Japf lil . fcyj JU-I l^is:^^ J-^i^J Uf J



(A) J^ . Oj-iL* X iJ'yJj ^^ ^_-::^j t t y> ,ya\>c:> of J--aiVi y> .X

u

^ _ £i oil

(^.) y = „.___g

-^(^) J ^j^o^uAl^^

x^

j_yJlP J-,,<a>t)j
~^"

(J i_Jj^j oJb-jJl LjL— ^2 LaL)c» JjosJ ^(JW ^-fr*-*^J

g> " '

2a'' 2at> ^ 2

g g

of JL>«J uiJjlaJI ^Jl^ J^^ i-i-^ ><jj^ iiU^L

t g
''"

g' g

u%^ 2a2 uV 2au ^ 2

J^ir^^ioil

-f(-i^)-('-7r



— ^" V — y2

g
^'

V^ V "J^

^ 2g ^ g

*JlSOi *]ai iJiUx ( \ « ) of Jl?«^ -LJ.*? . y = — ,_jla*; Y= dUJLSj x =
"'"

• X = —— »jj*^j J —-— '^L
«• 2g g

2

. iijJLiJl jLJi f'l^jl cj-^' -^^^ L/*'t'^'
'-'^' ' — f-lijjl ^1 J-s^ C i*-j~j L^lj

' 2g "^

j_$JU (_isAl -HH_ jj_Si jt «_?j_-J ji[ . ojj_>ti 4_->.Jli J-5|4-l« *JL^I .o hall ^^

0= ^(.-|.^).
u V 2 u /

= u - -r- — ,

2 u

g

Cr^^ ' ( ^ i-V) J-S^l Jl<^l j>S^. oVl . •>Ui i^jdl c-i^ J^ jt ^_ I Ju»j

.(^o_r)Js:^|



\rr

i Jc* Cy -*-*'—^ (i' ?«JLSC« «_ki A_aj.Lfl.ll jl ^ jt j^ LJU^j_JUb»- Ji^ (_«jS'

jlSill J i^jj i}jiai\ jV jj^>-^ ^Il:sJI ^JI^VI j!>U
J>.

jii'^^l J_^>i^j ._j!>\53I

.LP cJl5'_^ [S cU:Vl IIa J ^XJj A'O' ^^Vl oL?:Vl J m iijyi^ ip^ 5^1 ^_^.

oS'Jj PJIS^I ^^1 ^ LajS> oUU iJs. j!)U j>. Ujjy. . ( \ OJT) JS^I J O'

- jr

(>-\.r)Js^



j^^jji j[ oVi jbj c5^^ t>?y^ -^ J M'j^' oUl5:."yL J-^t »^ J^

JS' . AjjLdi ij^jjl oljUJi Jj-bi f-lk^-l iJu^Ji.\ 4JiLj .1^ iS'_^l J^ ^j \^le-

^ \ "^ i Y /'U j!>L1I jup /»jj J ^jj jjj . ^j^j^ j_JlJU>- j.^o; of cj-^I ;>< olS'

i^i < \ VYV J ^jJjJ J_j: . jlUiJ Jwiif it>Lo Jup i;-U JJ ^yi Ji^ I^L ^Ji ^ . ^'ly

* f
'

JU <uj_Utf JJ j^ '^jf-^ Lfes >^i ^' 4_:....j| ^ oJuk . \ "^AVjjt ^^'^i: t^-'-J' ^^j^-^'

k^JLji 1 . ipLJaJl >_aJl^ JU «ijj (Principia Mathematica) <jI:;S' «J» 1p (Halley)

oi^ ^sJJjj o^T'i^Gl oliLl::S'*yi oJij- ^^j^is^ ^L jf (»ji«Jl ts-jjIj (J Ji_«j ^j^ "^j J_J ^^

oL^L^I jj^ *ii*-Vl t^\ y>Ji ^jj o| Jji 015 (Leibniz) y^ . U^,_iJ jp 8jj_^l

<jI>cJI oV ajIjJI J >=r'^ ^f lSM\ io«.»J^I J oLjLi^'iU <>_ aj ^=—i_/ ol o-^ <-^

^ \t-j>- C:>t-v»l JUi i^lSLlI 'CJlyj t ijiL>JJ 4_ij_;li L«t t (Westminster Abbey)

. 4.«.>L.jl 8 Jajljl /-a 'j>^.



^ij c^'i JLdJij ^liJi ( ^ _ Y - r)

:y«j <d«>- 1 Jifc . ^;Ja>- tLij j^ijol (Cambridge) ^Jojy>\£ J LLi (Jj^ jLS' L«j_:>p

J *jAi.l ^y. iww- Jl^ |_^ iJLa . j^j^ iJsLi^ j>. ^jjijJj J AjJJIj li-jy
^J\

c.laS..^ *lj~- . JjiL^lj Li>LiJl >_jL-?-j ioiLi-l (>j^i-« : AJliL.tjS'l |»Ja*-l j-^lj *—ijj-Jl

k-i^f'yi : ipjli aJlL«j l^i-Uj i «bt "^1 t A;»-j:u^ *?LL«j ioiLi-l il^LLa 7>Jl*- (jjj-j' 0\ ly

<y^ i>*^ ti JJ-^ ^^ ^'^^
ifji' Ir-^ 1^*^ ^J-^ fb

Ja_4^ ^Ldl Ijtj ^Ul j>.

j_^ J*^ iJifcj ((iUJI /.Uii)) jlyjy -oils' (J>J-» J |,--j iJLft ?A::pjy> J Jjitii jlS' Ujl^

<Jl ^JUjj Lj^ c5Jj^ A;>-LiJl Ji«j^l . Oj-,^P j j^Lj^l JS L^_^_>«j jj_«l oi_Aj

. Ijl^Ij Ujjli jL-^J.! jL»j jt jSUj (-i5 ?dUi ^y^f oL.^J.1 ^^Ibii

IJuJi ikiLJl A;^LiJl c-~Jf ?*JlSlo «iai ejL'lJuJl jL.~« jtj_JUL>- c>>o It . ejL'l JLSJl



\yo
l5L.bjJl ~jl-C?>i>°

?tJlS^I jJaiil 4S'_^ iJL^ iJL?- ji| jl LI (_^~Jl ?IJb>- ojot.,* iJa\ <^j~^_ Ciilflt o^^i-^

ijisl 'S'j^ ciilsl iaJt^ iijii j_^t ?i«ic^ iLJi ^yt | jm, ^^^f ?^^| vp liUj

4p_;_uj JL^t hJ^ c.alU lil ?V«il Jl iL Jiill J^" of b^ ^^ <.^U 4_t^^-o

?Ja^l jy^ iL JLill J*^ ^;^l ^ ^t ?^f (iJlSU Uai LajI « ^^_^^. Vt c jyS\

^J i^ ^. V lili , ^jVl J_^ iJLUl ^1^ ^j_kijLUl J.^ ^;^f lil j^j

h^J^ V lili , iiLl\ ^J 4J%'^ ^f lil i Li^^^ V JULI ?iJLUl

Sjl'l Uijf lil . Al- C-iilst (^JJl «iJdl^ laa..,.; iLiill (^y jf j^i. t^ Ail ?l^ljf

J_p- jljjjJl Jj>j «ijdl ^_jU Jai^ V iij JLill 4 iJU-l JLA J . j6\ l£.j^ r^^ ^i^ j:^^

'^^J • i>^ Jf- o>^ J\ ^y^. ^^^ tJLS:1I j^Jaill jl « .^,_w-; \JAj ^y>ji\

oIa Up- .j^I ^I ip-liJi ^yC^\ JLioVl ^ j; jy o^ Iwas^ j^jJ JL>- jlS'

p^j 4>* '^^"^ ^s^c^ . A^JuJl «^jl: J SjLI <u~jlJIj ?>^^J-I j-iS't jj_Si of -i-jV i^>J-l

i_^l::S' jj (Principia Mathematica) Jlj^ >_jI:S'

. TV as-Jl^ JjVI tjJ^-l (Mathematics and Plausible Reasoning)

<~^\j—^(_j ij^j jl c Jt
4 (j^jVl t_jJL>- 5^ > ..^^ ojl JU J i^-^,j . ». a.Jl jlS' li|

4 o^% jiko JLi-i J—«^ jl y^^o-dl ^1>- 5^ ^,..>>j ^_^<^>tJl J_^ jjo; (5j-^Vl

. \^ "^ Juoju jt iJiJl ojOill j^jJ (_$jJ 015 .^1



jU jjJb jU-i a>.ji "if (Y - Y - f)

13 = g • t.

u + /3 =



. iijiJ-l ^j," V^y '-J^ ' (*^'^' (J • tT'^' ''^*^' :>j-b>- j oU

.(i-r

J^*^' iy ^S^. ^-J>j^\ J-*?" '-J^J i^ljAill jj-0 i_iis*jj iJjJI Jb^ j^ ^j>y ioUti oljii

iijSJ-l Jyk »IaiuJL! iJLfi iJU- J-^l J^\ 0[ . <aJ»- JLi-l g...saj IJi$^ . ,_5^Jdl

^wilj <uL^| ^^j t (Fermat) oUjJij j^^lilSj j_^a-i-jf j-o J^i^l ^yj_J tljjj J_aJ

. Jbal.XXj(j J-^LiJl <_jL«.^ ^y-^jA ^J>^_ »v^-*i ?^J^' • •i-^J

J-licJI ^L-^ ji^^ ISLil^l J A^jjl:; Jip J..,a^ ^yjj of (>JU; of LJ j4

dUl <uf Jiijo olS' . J-licJIj J-^Ldl ^L-^ ^U Jip j-^. ol^ AjLlr? ^...-^ ^^j



. j^jJ LW J\ 'Si\ :>yC ? CoL' ;ki: Jl jlj^^x^L ^jL-i; (^JUI <_i:_^l

(. j_^1iJI jj.,a5JL!jJUU j_^U (»—::- ?djJL>t IJU . iJUl iJliil j!>U i>?-j^ «y ^J -^

j!A>- AP^I Jii AjAg i4>-_^l AjJaiilj Ai jj*- {»Ai v JjtJ ^jJlj Ag -^^^ V^ -^ <J,>^

^_ylLc- <_il^l f'r^ tAJli Jbo . AjA2 ^iJ^I ^Js-\i/ ^Jiv lf-j^_i^j^\j^^::i^^ t Ag

^j .(\V-r)JS:jJl>Jl . A1A2 = A2F3 .1^ F3 JC^ tif t A2 ^y c-li V a*.

iiJu Ujc^ ap^I iLa^ ji| . AoCo *?«^l jl Aa«j C i->?-U i._5j_$3l f- jLvmIi A2 J^-^

. (\A-r) J^l^L ^_^l ^"iUVl (ijlji- J A2A3 >a)I (^jLJ A2 ikiJi <_4^l

/I, /Ij F, Ai A2 f}
,_ ^ 1^ p.

^3A

•
•

/

•
'

/

^ c ^

(^A-r)JSLl (^v.r)JSLi



P 5j:>Uw^ . Lii ;li>jLJ A2 Xp P Jlp^I ^jLJI ot/Jb- ?dJUi^ d^Jbi liU

^y aJL' -Uj . i>>-jU- e^^'tii of ^1 aJL' J5 AgAg iiLwo UisU A^A^ ol^l JP y,:^^^

P <^j^ J^ jj^^ • C V^^ U-jLJ iw-^j P le-Jjj iJl 0^ jl (j^J^ (. A3 Jt^

. ( > ^_r) JSLiJi J ^•>L^Vl i^Jlji« J A3A4 jiiAlL A3 ikiJJ l^jiUw Xp

(^•-nj^ (^'\-nJ^

Ji J^jj A2A3^ «jL^ J^*^*^ A3 J\ J^j Uxp CL>-\:p ^jLjo (I^

A3C »l^l J 4r^ ^3 -l^ C |_y)l ^jLj LoXp A2A3 -Cf-j^ i^ l^ • V^' -^ F4

. A4 Xp P J^ v^'>. i^-iJl f-jLdI iiiLl 0^\ l:>\>- ^ . iJU

Li^^ F^A.IIAgC ofj A2A3 = A3F, of ( ^ Vf) J^C^I J Ji^*^

. ( Y '-t) JSLi : (5^f hy^. J^^l '-i^ («—

y



^UyVl ^j A2A3 J A3F4 objLju oL--lpU Ifi CA3F4 J CA2A3 Oi^l ot 1^

: oil . i>-LJ.I LjL-ia IjfiU

ACA2A3 = ACA3F4.

LjL^ l^iU t ^LiijVI jj-i:j SJ^Uil ^ 1^ CA3A4 J CA3F4 Oy^l ot l^j

ACA3F4 = ACA3A4.

oil

ACA2A3 = ACA3A4.

j_^t \^ . iJlru ot_p J Ai_jL-ii oU-L^ /^-~*i -f v^j^Lj C ^Ji.\ J.^ (^l!l ^^kSJl

j^i* 1>-L ot «Jal^ ?iJliJl^ (^^t ij^j ol J^j UJb^f^p i±ja4 *^l (j-i^ of Ubr

ij^jjl oljUJl jj^aiLiT LoJUp . . . Oj~LJljl Oj-JIt (j^ 'i^J' • *-^^
ilr° '3^ '^^'

t^jSV^I ^jLJl j^ p\i p\ ^JJu i«iaidl i.jS'^l oUjLJl jyL" oU 4ijLJ.I

«-.><>j t-t-s^ ljL~« JLi^<:LsCj5^lj^jlj^»i^LP^j53l fjLJ li^ ^^z^ lib.

/.I jLjs-I iw^ . j_j-.«_i!l oL?il J ?^1 .:; ^lj_S3l oL _ Lwfljt cjf dijci: of ^jj-illj

. ^y^JUi-l *UiiL v^jVl 15L;15J.I ia.y VI i (T -.rj ^ <\-r) Jl5LiVl

^(.UJlioiLLl j^liybU (i.T-r)

j-jLj Jia ^j<.^«^l_pj ?- jLwi; <^\j^\ oL; <Cv<ij^
|_y]l ^jjjj J-^y ^-^ ^b -*-^



jLwoj <p-LiJl isji^ ju j_<aJil JLSx;!>U <LjJa?-*>lo jj^^ tJjJij j_^jVl j.j«J ^LiJl

iolj^lp Ijj^if Oj^ of ^j^ V oUjLjJI oJla oli A_Ji:ia oljl jJl kl.-?- ^jVl oL<iL

?JLioVl iijlj^>l->il j_y* V-~Lr" 0^^ ^*^J C.>.Jl . ijyu> Oj^UJ «-^ Ol JbV j^j

UiJJii\j i^Vkli ^jVl c-^i^ Sy ol . i^Uju L^L-^ jj^ of JbV ;^L-lxll jU'i^l oi[

OjJlS iJLa 0_^ of -LjV . (j-^j^ |_j«>»-iJl i_jJL?- A_*-J9 ^jJb lA Oj-Si of ^V j_«^lj

. <C--*j |_y* iJliJI S^iajLl . pLp ioilj>-

(j^_^ jUapf («Ji ^^jj^^LJl . L-jjdl J CU^ UjLp frl_ij-.i.ll ^jJi-« (_^-^ . H-a.i

Jj .
iJj53l A*-iJI ^y irfiUrl *r^jf r^ ^-i--^ - v~«-^' ipj^^^l J jf - (j^jVl j_^

. i^l J.»p
i^^ r^y cjf jj-^ ^i^-' tJ^"!^ i_r^ j_y'^ J-''^^ *iV^'

iL;- (Ja:o- of X?f cLUlp oJL, ii>^ p^-^ ?^_^ ^1 i^ Jl *_JjVl *U- ;_i5

. ("IkoLjj^ j».>J- t^jS'^^l fjLjJI ^c:s^\ ^ iLJ-l oJlaj t^jiail^^^i:^! J i_^L^f

-Uj f_;LJI IJla r-lu:-»V ij^j'lj i-ij^ ( > A1fi-> A « «) Hamilton Oj-iL»L* JLj^j Jl_a]

. Oj^L* ^ ?^ (.r"^**-*-^
'-'"^1

• iyj^ I—sLi^l

(Hodograph) jjiLU ^l^jiy* : iJkdl i^loJl 45"^! (o _ Y - V)



i«^ jl (^1 t iijL.Xo Oijl j AjjL.Xo oliL-^ «iaij_^ ji| t i<JaiJi Mj-^''^ ^ *-^J^ '-''

t i*^l i»J (^jL~j ^JLill J^l IJLaj . JjJaJI ,__^ Iji Oi_^>^l jli PjAj, '»->«^^

. (Y ^-r) JSLlJI ^1 t j^jJl SO^j J '^jkai\ iiLAl ^s\

(rr.r) jsii
(T\.r)JsLt

jjxULft ^Jif-\ JiiJ ?^i jji liU . ioL' l4:u-i iP;^ iV^ P of ^_^' 1^1 ?*5-iJ-l oJLa

O*

AjjIjjI (_$jL.J ^jC>t>«j| (ju AjjI Jl jU ^jjjW'VI jji—J^BioJJ jLjJJlj^i jjy. _. ^_

ijLpL.

l_r ^ \ ^ • / — ^ . I

cs^ CP2 J\ CPio* (-UixJLCPjj^J

. /^ /I -.f ... • 11 •- . M 1 - «

SJUJI J^\j^ ? j'yi c^jjj: liU . ilul5' Sjj^s CPiJjjJu (_^JJl TcJ^I ,__f~i3 J ilul5' Ijji

Tv



Ta



J.^1 J
i>ljl J>)l \ri

le- iJLftj Jj}s>\ Lp^j iSj>-^ ^.J'^, ^^ Cj^-h f-jLvdl jlJia j^ jL.s<a::5-lj oLds Lo

iJL^^ QA^ • or-T) j$:jji>ji . 0A1A2B ^"^uVi ^iji^ j^ . oaj ^^i

oIaj^.P^J:^- OA2 7^^ OB U> ^Uaj jf <_ji P^xs-P If-j^ iJUj QBj QA^

(_$t t ipj-Jl J SjL^I Jjjwja oB/^ 'Si[ t j^jJI J*>^ ^ij-^ OB i-fj—!l J SjLijJI

P2 c^' ^1 ^^ ^-^ ^f^ ^-^ ^- ^A/* Oil OB o^

iJDl SljLII cu. JjI Aj j>» A2 Ojy l^K . Ai ,>• l-Jt^ Slj* ^2 ijf 'j'^l (^Lr^

A1A2 e^j^l AA J^

a X t = AjAj ^jaJI J_^



^Ve ISL.L.AJI j^>-^

oil

a=

.

a =

.

ijSU-l (iJ^UJ jjjJ ^LisS"! J^ (1 _ Y - V)

oJjoj |_p^«-iJl_^V^ f'J^ UH *^*>^l Jua^ J jj^io *-ia*!l JJJ-:;' eiL-l::S'l

__p:-I j,..-^ jr k_jijt Oj-^l J (.—^ J^ of (j^l^-Jl J *-;f^ ^Jl
iiLviVL iJLa . L^

. U^ L4JU J*£5 soiw ;JL^ Ja..^^ Lo UUi sJr\ JjVl t_o^l of ^i:; ^iJiru iyb

. U *^ Jlp Jjb JiVl Jlp jf i-UJI 4JU-I J ^^. oi Ak....\\ iJU-l J ^^, U

J^\ J^ ^j..,.<^\ iJ:,.^ ^\^ ^^ J^ j^^^^<^j^ ^j£ tJjVl^OjJUc. :-

1^ Li_J oljl Jdl of (if 1 1^ jow9 ^-.S'l^^l oljl JU jS"!^ ei">bi-l <. ni\ji\ J . <ujj Jj

(i__P^Vl ^..S'l^l j^ iylj Jif i^U:- L-ljjjJLS' olkpf (iJJi ^Jkl i^j^ j\x> J\j:> ^
(w.-^) ojlJU J <aJ^ oIjod ^yCJ (i__r>^Vl ^-.S'l^l Jl* <^j^\ \1a . Jjlkp Iju- Lo

iJLiI Ja^ . 5yb 8jl JujL^I j^_ Jjf i>-oj-«::S' j53j <. ((^^Vl ^-.S'lj-SCJl i-oiU-



j>. jJaill e^L^ 4.^^ ^c_-*i ^i.;:^ iJj^O" ^lj_S3l t jLlJl JlS Oj—iU ^- :^

of ^Ij -uU L^b jla_ll 015" lil j^ . i_^l

—

-^ i_j>jf J i_^l 1* oL^I . ^_,.w<»-iJl

^_^_ oil . iJar;>. ij^'li 'iS^\ cJL^ I jl 'yi itjL-i« o.jf J ^s^ j2;J i>jL-dl oULiI

t5jL-j c5>^l ^jL-dlj ,_p.«^l_p^ ^)\ ^jLj i»J ^^—>^ ( ^ ^ ) (>« oil t iJidI

(U) a = v'-~= .,2 i

TcJir lil . ( n ) lx>.r:L-l ^i^^Jb- . i^^f ;JiU. Jl ^b^ UU IJUj V j>. ^_;.<2Jii^

( ^ ^ ) c^ J>s^2>«ii cuUjcuxI aJjUI kf.\Ju/> iJjLita Ip ^y^a>^ LoU t «j^l Oljji 5JU

r-u = 27rfl,

r

oil

(^n
477-2

j2



r2 = c2 .R3

^>^(\r)J 7-2 ^^^L

JjS;^) : S-JLJI ;2j^I (V.Y-r)

. k^yS\ J Jy j_j_Jj A^jjJl J Jy j^^LaJl^j ii^^laJlj lyj>jii\j ,yyj-ci\ J\j_ J^l

. iwiyiJi J_jjj ry—J (^JU ^_yJLp Jjbj -LS'IJI J Jy C^UJik.<3.U J J^l

jj-^ 0l_j AJ_,ku S^ jyM iJlS" <Py-j jllsf lij 4__ij i_jjj» «_9J_Ll jjS' 5j_S^ o[



jlS' j_f,~«-iJl_pJ f-jLjo t_^lj53l jL ii^jk ^ ^j\i]\ jJlS' j_^U ^yj^ c-Jl Ujlp

Jil!! j^ AjjIj^Ij ij^jVl nlalW <:j^..^\ ^jJu \^j^\ jljjJj iiaSLJl i>-Ul]l . i^U

. A3LJ.I «jj^ «^ L-~5^ t_ww-Li> (^jS^I f-jLdI jl

Ji>. ctJliJl jLS oy\i jjj- (^ JLill jl^t oljjj jt Ji^j ^ • -"^ U* '^b 'j^ ^i-i^l

((_^ JLill) I
g

... o . t. J_p-jj_G (_$ JL-lil jlj-sf L-^t Ljk . j_f_-tJl Jy t_^lj_$3l jljji

of JU c^L' JJj Ljk c!JLl!l jJlS' jjJli ji^ jl t j:j_J 4-,..JL lo^ L^U oljL^I

J 1 1* ji^ lil ^^ . UjJ (.IkJl 11* J ;sLJ.I ^y iji^

iLs^p i_^Li, (^j^>l ^jLJI

jl aJ^ jlS' ?0^ i>t^ j^ ^_jj jS'tli i-i-STj . I^l^ws jj^ J_S'txJl jjk tL;J_jiJl OjJly



(Mi) _ =^>>I^_;L^I
JLII C^

C^") ^= ^2
C

jj^ «p::i«Jj ciy''^ ij^^o-iJl Jy ^J-\ jlxo Jju ij^j j" (Jjp- j^\ jlXo jl ^y>jj^

jl ( ^ Y) (j^j 4 V ie^j^j ^^JaV-a *jj\i <uS'_^ jf jLiJi jJlS' UjJU

- £!
gM - ^



c _ v^

oil

c = v^R.

{2^Rf

c =

ot^t

(^ ^ *) ty Se o^Li ^;^$Uj j^j topU C ^\J ^^^_ V iiJ-l ftj^



\i\ lSL.bjjJl ~.jt;^

c^^jVl

& '-,

iM
R' R J^\

2kR

r = 6.3784 X 10^ meters jb-VL ^jVl >i >.a./^;

fl = 384.4 X 10« meters jb-VL ^jVlj^l Oii ^^L-i'

.
(e^ Oy"^ (.r*'-''^' ^r^ >—isA) Lj^ l5j^ (.r*'-'^' 0* j-*^' -'^ '-^^1)

T= 27.322 f'jj[jyjii\ 6jjij

cj5 li[ LJU . (.Ujl i>ijjt JJ ^j^j<-« ^k"*^' Oj^j fliji i>-*i-L J_oL>co oil . i-jj-jco

f-jLj L^t ^£,\ i <-^Lil A-p^l ^y ge of ^>o -iS'td (
>

";) ^Jip -Ois t iUyVl J-U ^jj«;

J j_^Ll^ U^l eJia . Jj-UJI <Jj^ La.iJj.t; ?Llu^ & i-l->«J 1—i^ :j->-l Jl J—



iJlA . iijjjdl i<k-A!l J^ iilS' ojj-A; ijji "^^1 (j^ (i ' AjLL-?- ^j^ J^' Ujj*

J <ul:5^ jl . dUi <d J4^ SXij J JbLl e^ jlS" ; U JL^ ^1 U^j Lki>.x-j Lw-1—s-

yk U jJi; L^IS jl^ (_$JJI (Hooke) iiys )«^ t-iJLp (>Uaa^ j_^l i^^f Jj^Jl J oLj-^l

I JlA ijjJr' ^-^j-°' t*'! c^L^jl i_^y S_~Jip iL?" J_J jj^ iSj->-' «y Lf-L.~?-_;Ja:jlj

Aj^^^I i ij^^,>.JI 4.«...a.ti j^ ij^ gg J ii_;liJI i«-iJI Jjor r 4_a.;.a.l *^L.~?- . ^jJ«JI

iJllI aj-jlpL^j JLa jlj^l c-ji I jo^f . ^iJ IJuci^ j^ ^
jJjJ ^;^j j-ijJU j'yi SjaU-

j_^lS _b»-^ (_$y L Aa . (Philosophiae Naturalis Principia Mathematica) -oils' «_J9

?Ai>»j i»J «jyi «^ L.>«S^ t ..^Lo j.>t.'..U k-xjjll xili jt ^Js- j_,^ j-iJU i^g-Ss- *^_J

( \ 1) j^UJI brwi-l i
"^

: LftLUf ^1 j_^Vl ^yuu Ji^^l 4^1 ^^jUJI of JJ)i

oi» i>wj»w!» jJjJ ^^ cJlS' lij j^j AoJjr.a APj^j aj\:> J ii^>^ij^l of ^1 JiiL;



• Jf^ & ^JlSj r oil t ULc iij^ c—J ^jVl ol d.^ ? gc J ((A>.->^l)) io_iJl

oU IJJj bjli. LjS> (p,L«; ;JaiLJl j^UaJl ;*l23 Ja*i ^jVl jljj^ :>-l Vr- ^^

jf LlA>b. Ij^f j_^f . cULi;j (^^f Ijj^f LJ..l-iJ of cUbi^^ .^^1 -laJ^ ^'Lj" gc

^^^SUi V .L.;^ l-br SJLiw SjcJaJI ^cp^- t L^jJb ?t5-b^J.I ti^l ^y. Li::i iJlill ^\^\

Dj^waJlj ^tdl iJlji'ill (A - Y - r)

^ Aijlc*il ''Jlc^f cJlLj (_^Jl!I (Wren) juj-iijip J SiLjJl «-» i-^—bi. JiL. J JLiJI oL

^jj ij^ 1 tVjA OijA (i^l . <U«ij 0_^UJl J Ij^ tV jA JS' 4 i_s<9Lj_pi «i_JljU^[

i "^lijj ^Ixall jlil jjj^ •j-'-r^ uv'j^ OjJUJl JajjJ ajjjj-^I i-viLjJl ojJ_iJlj o^^^-^l

4 JjmJI ?ti iaj^j ^Ixill bJipl iij 4^ ?(JjJi^ 0_^ Ol J^^. '-a-jT . ii^ljjJLj

J JU. II* ^j ^l:ull^ \jjs. ^.jj 4^j JL* oL J_^l U>i Oi . J^ ^Ul

. ?<^L, *Ais JLs^ V ^bA« SJb'li U ?^>iJ-l

of (ij^ t^ <b[ . aJ^
jJ^

JjtjA
Jj 4 ,_y..JU)l Ari J^' ^y^ i}j^ Uajf jLS'

^Ja^ Ly^j . *j-^l SJ^jA L» Aj>^l . *j-^l jLtiV A^Ll* irii^-l ijfA^ -^'^^l



Mi

. iLs',:^.^ ij^J^^ i)^ l\^\ T'r^ ^J-^. ti-^' frj-^aJl vl^ |j«,a>^l jl i_jj^l j^

(Yo.r)J5Li

^^ J ijjl 1. ejj-^ *j—s<aJl ii-v j_,-,.«-lJl jtj_*j ,_jJ«JaJl fr^_^l ^y>\,

. iJaiJI jl,Lil ^y>-\ L^\j.:^'i\ jl^Uil jU I JJ . a'c' ^ JJf flc jt ^IjJl j^

— M*.q-w%Jl C-O.*^ OmLw*'



(»-- J^ olA>-j ^ . ^Ja>3 ^y ^Y^ »Llk;L JaiUl tj-iJi j^ SA>-j Y . ^

^ J t|jLJL iiov^- i^l oJLa jf ^ji; LjLpf . ,_,-.^l ^ 4_uJ.I iJi^l *j_jJl

. 4i7R2 o^L^j i? t,)ea k_4-^j ,j-.^i ojSyi Lj^ tLii- JSLiJ J»liJI eJL*

Oil

.(YVf)

i^iU-l of L50r ^f t ,^y,-5UJl ^ jUl o_^U <_...^ ^_j-.«^l j^^^^ tj-iJi of 1^

^j—? ftLo'f ?._^l I Jlaja Lo . lA^ j_^ ,__J ij.^\ J dLi jO! . i,_Jip LiL.i:5l



(n-r)JsLi

^<«v4mmJI 4a.*wI

(YV-r)jXi

\Ss^ ^^^. Ji;J.I . L*A^ J-U:o- dUu^ o'^il di^b^l J*>i ^ ^.'''-^J^ i*^^

L*

<u^j^l_^ liJ^ -LJai* i_Ju<aJl jj dlL- ik>-|^ j^lj ^jVl cJajjjJ 4jf jOS OiJ

?<_JU^I ^ j^_jif O^. of >l..,iaU ^^_ ^i5 .yJ>\^ ^jVl ioiU- JlXlv-^f ^. "^



i

\j>^b\s ji^ . ilsLULJ jjJLi <u^ ;_JL ^^.-^^ cu;ir^ i^j^ . 1...^ i; S^l

lijj ojLwi yy^"^ '^"^l J ^jL~^. of JbV jjJb t^Iil j,^! t ^IDI jj^aaUjJLJU-

.j^\j ifljiiJlj ikiLJl i;>-UJl J| iiy6

>^ . ^.i>-jU»l J ivijyu. tL^I Ji« cJir -OJ . ;jj^_j -UJly ^j^J^ Jl^f of

^^^k>^ <d5 o^\j^ ofjA jiJa*Jl Ap-j^ ol5j ^jjplii JlJU: ^1 jwdl ^[ olS'

J .
U-j^ Jif oLSo ^^jJ U . isydl hjaiij diUJij (^>::J!j ^y;r-^ij 4-x^ J-Li

( ^ o<\V) ^-.L^ J >,_<. j^JUl {\\\K) Harmony of the World}^ ^\.^

J—Lo cJJji -CLs- Ci\^ j'C^\ (^JJI ,j~;rL^' J yjJUl Jl^^ ti-J^b Cosmic Mystery

Jli V <c-;lji of a>^ (The Watershed ^bT j_5^f Sy. ^\j J~^LidJ) SjLJl ^1^531

<i^»^. of jjJjJ j_^ olS' . fjLr V ^^1 «jl5of jLo ^bJ cJir S^ j_^f j^ Ijw. Ity>- VI

(JUJL- AjJljJJlS' (^jljjw t^jjjy^l^^ <UjJ.^
^ilri?:;^ 'it j^-^ "^^ J^' c^ '-^

' tiJ^' iSj jl '^•5jf 1^1)) ii<Jrl -ij^sju l-«_/«^ 615' Sj^4-iJl jLiI y iSj^^ '^y^3 ^y.

jv. ^y- -C^^' cM^ ol bj.5C«j t »jJl (jjj-J ^ULJLl Jj_a.J LjP- jjjj 615jJ . aci-Uj?- jJaJl

. L«jj jIjjj ojLjI 61 . i^LuaJl



j_^UJl ^Irju-I ofjA JjVl 1W--JI :^JJI iiJVl 'LjjUi Jj_JUL>- ^Juai-I j^JLllj t iijj

IjL» jtjA jliJi iw--Jlj jUjVI jL^I iijjkJ ,_,SL--^VS3l JlilIjA iJijJJI SJUJ ^y.-^!

. JjJuJL g (Ji-xj Ji^ (>* ^i^^^JJ ai>^ o_^li jj-» (3a><^ i.^^' j_^UJl

(Dimensional Analysis) iUuVl jl~>-l (\ -T -T)

j^j-~iVl i_SjkJl Jic- iol^l i_oi3l jfj JjAJca jjJLiJi jf LJ j.tt.sAijL..:.>-Ml IJL»

o^^UJU V (.>«>Jl! o^^UJl IjL» Ojli

V == c-r^

j^ ..^U o_^lS oViM ' ^J'^ ^^ 1^ o^pUJl . ^jJiJu, Jui OjJUJl olj IStt



^^^ lSL.L,aJI j^.jl- ^y.

« = 1677 • r^

«= |^-f2.

J

ai$3l JbJ jL J_^l j^_ iiji\ J SjLJ OJjt I Jlj t -i j^^i JbJj 1 L* J_jJaJl JbJ



7^r^ u* oil

^_.j:^- ge f_;LJl :>l~f oil t^L'/jv- olJb-jJL

L'.r- .f

f^

SiJ^

lrr.-aLT

. J_^A>w j^p OjJLaJI ?x-~^V SJU-I oJLa JjL^MI J^fjJ . Jj-4Jt« 4jfj '

. i>.5>»-^l jjyljiU (-sis' j^ <cS3j iSjJjJ> Jpj-i jLls^Ml



Q' = L'''MP'r'

cJl^lib

a = a', /8 = /8', and y = y '•

h,,.,,iijjjLjifljjj (y.r-T)

jf ^_^ . 0^1 iljufj JaJ-l jjjj t\jk\ iojLio J^j iJli* IpU^jI o^J^ jLjJ.IS'

—^—

-

(TA-r)J5Li

iUlS' aS'^ j.li^/ ptAJl j^jJl j_^_ II* . ijJbJJl SjjijI ijJbJUl j^j r >_jL-;.- jby



A>-yl «j-jIj^ JjJLuJI Tt^y^ iju <uLiJ -i^^?^ j ' . 5 Jajul tLjj_j /j^ 4_9j_»j \g>_ I J_jj

. |V^ljL^ J[ lj.l.^J oLLo O^pr ../?_! OjijLJl t oJLa oljLJl i*>^ (J ^^^ ?|_y.L<J Ujllp

_ iJUk Jje^^jf of ykUiJi ?^Ui ,_y^ ^i^:^ Ja:^*>U Jj^ (J^ JLJ^ fjLjf ^j^ jlf

iaiy. ic._^ JL>-jj JJJJLS' . U (_;,ai^ Lp ,_y^ jJI iPj^ ^jf IJb- iJLft of Jas-'y Jii

C«-J» ?i^jt:o lj^..^\ J>-jVl i i_iJl5o ^j l;.«.;.;.k 7i>-jtJl Oj^ Ujllp JjJij |__^U JS3

JjJs ^ JU:jo JjJLJI ?^jL" ^yj of ^ t Jjk IJjb ^^f . iL_j]aJl J>-jVl ^y f^f

,
?^Jb--J

U;>- .
(--ijUtdl ^y jJi JSL <uil ^^^5^ / »<^L:i^ t^^--L:o TofjAj ^IJ^il ii—jf

. T \s-yy *y Oj^l ills' of JL>tJ bjlJ o^;J«-,tf «-|_^l iajli« T^waj i-^-r^ *J^ Oj^lj ijC

oil . I Jbf 7^jt:j '^ JjJUJI oLs i^iL»- Jbf UjOJ j;^ i lil ?j_5^[t^ -Lj^ji J*



. iJL- )8 ^^-r^ g^ ^ ^-w/bo T of

T = c/"g^

Oil

c/V = L''{LT-''f

= L''{L^T~^^)

_ J a + p ^ f-^P

i

<.^s>j i. TtJjV (i^^ ib^i ^^ 'iUiw.vo o_>jIa)I Jjc>«Jj



= a + ;9

1 = -2/9

a = +^

(W)

r = ciV2g-»/2

-vr

bJaxj IJlAj

L^f

^j^j \ia^ ^Js- o_^ of_^ '^-'^ of ij5C«j L« fj^f ^;^j ^>=r l..u^.ic olS' JuJ

O^j^UJl (Heygens) y^U rciJL-l l^f . Li^LiJl o'^jLjdl J1<^jcu-I ^-ikj J->'LS3l



^"^ lSL.U;A)lj^>-^

t/^lP' ij*-
Jj-^l -la:?^ Jt*::^ V LoJL* ^;^j tS^b >-a..Ai J JjXJl 7s;>-jt:j ot !>^ j_^

. ij^lAJi oLaiaa^:L--!>U aJ-L^j iiLiJJ iaJj rtSl:^ (_s^ o_^UJl jU iLii oU-jj
t>«

ji^^

of JL>»J '6jJi>.^\ ii JLJLU oij

(^A) =-Vf

(^^)

g

oil

Aia?-*>Uj (Jiiij UU^ ^jjjj L^ ^y Jix^ c5jJj-^' ^ C-jliJl i^L«?- ^j^Uj oij

tSo^lj ^jJbJL! (.J^UI cjpi ^Li^ J^t ol5C! ^JulS LJbi L'a (O^UI oJjJI ^y. iJU

A X* t^yc^i JajLl ^jjy^ V . ^_^5LJd t5y<-iJI ia=Ll JLp Lj-,.2^cij ot J-~>.l~i

;*-, jA Jii- ofj JbV S^oc^ cJlS l,_^ *ljj.i i_^jLi« oi ^1-^ ( YA-r J-SC^I ^Ij)



jl ^L^ l^\ jJL*- ^laio jdl ^_;i ia^l jLoSyo SycJAJ ^_^L1I jLSai . 4_;JuJUl

j9j>.iijjxJi (i-r-r)

l^j^j Ja^i jjjiJJ r jbo^ ipLi^ AJL-o ^j>Jti JjaJJ r SjjjJi jbJLsi jl

^-4-mt-\-

(Y^-r) jiLi

CjjIj li| Lol t li«.>^ JjJuJi jU i^fj ojjIj (j>y3 JIp 0^1 c-jJL)Jlj li| . oj_SGl jl_..~o_^

s^ i.ijJi ^ka: J jdij j_^Vi t^jiJ.1 j jj-^i sjupLs c ^;/i!j t iVB Ja_c>:- i_k^i^



. aJLAa Lf4xJj 2yas^ ^;\P i)^,;>uJl i >_a.a.>.Jl jo^ /r* Ji C-;Jl 3^j^i jV

^_^ .
o^JaiJI 1^15L« ^ 2?^' cK^ ^>*^ o^ ' VJ^ Ni^ ••'>=!"1 '^J-*^ (J^J

^^-^
^jf* a of t^f t j_y^f^l NC Js. a hj\y^ NB J^_ .L..;^^ Cj\i IjIXo Jb^L" fi of

Jbji J^ o ojIJj bU ijj-l Jj^ Ju_ lil . iaJ-l ^ 2?^l i.j>^ 5_--f^l ^^IjJl

\^ c b-!>Up ;k-l^ ^^l-^Y' ^ ••>^ cr^ "^^
(«^

>-...•' ^^yiiojf Te^l oljjJ jy.J

J«?J of ^j5C<w Ja . ijloJl J ^f ^j Jl L^c;^! 4 ,_iiJ| ^ B jljji (ijx^ k-jjUl

Jfi jjj;^ . ..iiJl ^_,i^ J ^_^ c V ?^^Ij (j~ji Vf ?(_iiJl ,^jx^ J JJ-)^'

^

Vr-*^ ^-!>Up J ^L^ Vf . iJoJl J JjLa ^:j JI ^U^ .JS. Jl ^ ^.yj-J^

j--»-jLj«j'roil .j-i-^l jy.k_jjLa;roLs°^« sljIjJI jy « cu^^l IjJls'wt.jf iJL*^y.

• a J—«^

B ofJbj iojjuw ioili-l cJlS' lil . iJlr ^^ -^ ^ r jL^.jjj^It^ ^^f Jui^

oil . Ji-f ^1 Lj^^.^ oy a;j-y V ii~^jl_dl I JL* J^q.:....J L^Ls i_iiJl (_$jX.-wo J jjJi:;

. Uajf g !* r JuinJ of («ij:j



. ^f Sy Jl ^b4 J>Vl JajLl of i]^ dL"!>L^ ?(.|JLif "oJlP Ja-J-I J> d\^ji [J>

oilj tS-Lj-lj Sjji J_^- of J^ Sj-^l L^aIm; jJI iiLJ.! o^lj lil oil . oljjJ—!l

/ J SiLJI ^ T^\:z: Jft ?*^ ^f ^iUil J SiLJI ^y> ^>_^" *p^I S:>LJ J* . l^^

. I \^ iiax-^ T ^jjJ-j iiL-il J

ia^l JjJuJI^JL^ jro^liU/Jb'lil .ajgj / jLpX,::*.-rot^.jU::^L

i>,^j.w2Jl ipUaJl of ?^-s^ t|_^L—Vl IJla^ ?lj_A^ tijL>~i /(a) -^ ^^-~"

. / t g t a cuJp lit T j^J : ^ LdLl

LI JU. *^ B2 jl c B, ' Bo oljj^l AilJb ol^:- of ^\j .(y^-T) JS^^I («;:rlj

.__ji fv^U Jlp . a*, y^y ^\ ^ i-l-^J| J ^ J^ Sj-^'ji-' l$j-^i •^
. iji:;j. Ly'b S iS> oil . UikdS '^J~\ ^ ^l> J> J^y, *^

(
JL$JI jJ^ jf) JL$JI

. OjJL«I-*

a = —
r



^o^
l^bjjJI ^jU^

• r != BqCj BqC J^ ijij^l V'-J^*^' ^:^^l **-j-J' ^' "^-r^

J -^ -^^ •
^>-l vr- J>^. "^.^ '-Vr ^^^1 J^ jlr-il ^^. fl IM • V^' «y ^yrd

.pLtJi ;_^.L^ ^ .(r.-r) j.j:^i^i .^yj^\ ^^\ ^-j^y^ y^s:, .jA

^^ BN'C '^J:)\ ^'UJI ^L±i\ ^j BG = N'C

tan a = —

. JSLiJI i^xJi;^ a LJajj JiiJ

,^' \

Lxi \

'^ lM J-^^ ^ o'Vl j::-.gj / c a ^V^ r^UI ^ V-L-Vl LiKJL. of/i:



V-L-Vl iJ:sUil : ISLobJJI ^

jLjiJidwl (.iJlia L-JLA |j»

ioU V ol

tano -= —
g

27rf

TJ^j\ ^jLca / t g t a



^"^^
lSL.L.jdlj^.>-^

sin a = y

. T t_jL^ 0^1 LuSUjj J^U i^jtj o^/jL« »^jt LJ j<^f

i^Wl iU;i ^!>UJ oLviLJI ^.jo; J ^f .^ a>._^_ "^ <:f .li^^f L.=^ Ut

dUi Uijt .l_^ ^^_^-^^ J ^.L^ U . o"^iL« Jl JJU.I Ji_^ Jj. Sjoill ^
^ Ly jlS- lil ^^i^ Jbf jt "^1

c U>i LviLj ^^^^_ J> ^jUI UUaJl jt j« . "^ (.t

V^. "jf Jl ^l^ J J^'Vl^ a:U , .ws-^ JU J ,»^-^. of Oi^, jir lilj . ^LJI

^y. ^ ^.^ ^"^^L^ Jl ol^^ L«i^^- jj^j ^LiL iU LA ^iJl j^Vl ^ L.J

jt ULa l^t^t . ^.b^ slir^j sa^ j_^- jt ^_^ JJLII _ Lo. : ^^^ l^j Jk. ^[

g tan a = a.



O')

g tan a = u^

r

a>Jj t,2 ^y^ ^j*<5 *^^^ iii\A\ ^J

47rV 1 4^2
g tan a = —— • — = —- r,

^2 oil

I =
r.

r2 ^ iir^

g tan a

r = Z sin a.

Oil

x2 _ 4^7-
, . A 2 I COS a

/ = ; l sin a = 4?: •

g • tan a g

j_^ J.,a^Oy

r = 27r"\/— • cos a

. Iz^sJt JiS'jj IJLA oil jAvs L*-Ujj f(a) = Vcos a jf
\^_

r = ci.

j^ oL J^ rdUJ-Sj cos a ols °^ ' j^ a <_jJL4: L»j_:p : ( Y ' )J i^r«c^ »-^



^ ^JJu COS a o^jL^l ^a c^_JI\ lil ?(^>Vl iJL-r^l ^LJ-I <>* liL-j

^b . ^1^1 ;^> VLr <Ji^ J^ ^b i*Ji:^l kj^^^ i^^^ ii>V t-^LJ'

^^L^f t53l,>JU^ ^j^y> \^BC Jjl> J^ BC^ 'oj-!>i\jNB J^^ g^. s^l J|

ol* ? 5C i\j^\ J^ ^^Vl 0^1 ^ liU . bjXL. JaJ-l J^ JjH\ lSjl\ . ^jj^\

. UidI i.J\j^\ ;s>JJ lijj^l t^jS->l ^jL^I J«;

/^'

B.—•—,---ri- \,C C

(TS.T)^



_jiil^l jUifj ^i^waJl ^j:P v"^' ' -^.'j^ J^ **-^' L/'i
^' ^''^'

"^l

;S*Ap ^>p ili-f t S-i^r ili-f OjJt-d OjoJrl ^*5^l • -^.y^^ OjJ-jj^^ t Oj^.>ii:Jlj

;j^ui iLUJi ii:jisai ^i>i >~ j^ji ii-J-i ^>^ ^3 <• ^-^^1 lj^uji

jl j^ Jj^ Ap^^ \j\^\ AP^I t ^jl-iil AP^Ij ^j^l ipj- Oy. (3^ ' ^y

^jVl ioibr Jbf ^ pJrl v^ ^3^' ^^' <J^ VJ>' ^^ ^^ 'o^j"^' ^^

^ JJi cILjJ Jjk .^U a]^ ^UJI J iU::;^*^! IJla .
((^L ^J^' *-^.^-*-»

. Lp t-Li-i t J-^f iljI-'J"' ic-j—SI



^
"^ * LSL.L,jJI jo.jL-^

OljjOJl V-J-^'

' (jf*^'j j;^ cr^' J^' • '^j^Jl J^f ,_r~4; ^^^ ^jVl Jj^ jj-b l_^ of ^^^
i-jUll ot VI t ^_^ Lo-Uj> <.|_^l 4>yU*j j_j-^ V Uit ^ .jU-i*^' JL*^f J^ j-ia^-j

y.t La Ja.>>~-JI oU I JJ . t_~Aj J^Ll; iJUil -Li»:j Sj^^ 4_fj_Ji Oj_Si L«Ji_U- A_»Ji*

jfj tijUa-j J_$^ j>i V-b SjJIj jl J_LI of ^jJb . tljJ.1 jj_^j J.JIP ^j-aJ i tijjj-^

f s

t;2
a = —

r

.
^jVl^ ^ivaJ ^yb r oil t o^l JLpf a:j> U^ ol ^-^ ?iJU-| bJlw. J r^ L.

jp^l A^^ a»:jj ^jVl A^iU- 5A^ ^^ . ^jVl ioiU- p_;Lj 1^1 ? a ^ Lo

a:j> ^jUJl of Jj> 05 _^^ . ^jVl^ sj^ ^jL_Jl ^ a ,jj^\ ii^ . ^jVl

(Y>)



^5jLJ C300 MiJj^fl lift Jc^ oljjaJI i^r- o^j . %?J>

*'300 ~ ^ &300 '"300

. g3oo jL?il i!L^^ ^300 jL?il ;JL». . (^jVl >i ^-U: Jl AiUi)f^ ^

jjjJI 05>, .Gli A>^ llftj ti^bJl^ 0_^li Jlj^i-L Sjo^-Vl 4JLII (^jLL' j;^,

: oU oLJir^ oby'b ocS->l of 1^ . (^ r • • ^LiJjl

_ 27rf3oo 2ot

U300 f

oil . olJLojLS^L. i.j-.~itrj faoo = » + 300

277-r *'30o

^300 « 2wr3oo

of

'^aoo r

'300

liJWl JlS dy\i (.-U.1^ La

7 ^3/2

r ~ _3/2
^300 r36o



"^300 r ff/^

''300
^ '300 'a/v^

oil

(^^) •^300 = v r~ '^'

» '300

JjVl ^J

or) ^300 = (^)
3/2

r.

4 ^ • • iJLJI oljIJdl J iUaiJl oLS'yi SjjJj Jljj-Lil i*r- i_jL-^ Oijlc^ '^-^

^jVl 4_ji^ OV dJUij . ijjw»^f 4_y^| i_c.^ 4_jL.«;- t (J.I !l J U^f l^

• (j^J*^' a*" ^JJ*-^' -^ ^ j:^*-! o^j '^li j;^ cr^J^' '"'—"^^ "-^^^ ^JJ^ t^

(J • &OO k^L—^ j_y.iL>Co of LuiaX^I 4 tJgoQ oljj-lil <^j^ k—'!_«;>- J_lP . ^_y>-jL^I



6^1 Sjj-^ J ioiU-' >^ J^^' J-^ ' iJUl aJlJ^I J .j__iL>a j^j-ii ^^Li-' e^

ioSU-l Sy (T-i-T)

SjjjUj iJLvii cjU_^ i* (jj^ ^ji^ ^tr^ .j-q.all JL->- j.L.>i" viJLli j_^j_4j

oji}\ of ^[ t oU ^_yL; ihS^I of «uo . ^jVl v.^l^ Lr"-^ (^jL^ j_»iJI <^ik- ^ J-»f

^ S^l cJir I il .L^ -oJ^\ oyi\ j__r-LijJ» S:>LLI jf 41^1 Ojj . i^li CU~J S^J jil

iju>.«~^ ,JLc' Sjj jil ioiU~l Sji of |<«^ . oJ.>-lj ojjj\i ^Ax.^ oUjj frljiS "jjj'-' ' iJi-''->il

5^1 . 4j_jL«i« cjU-jL-xJI of "^1 t U^J_?-f JU 5j_J jil oj-iJi (_^4*v9 (_$jL^ Jy-ijL.....
'
j

t m |_^ e^'jil m gE »j^' J^ & f^L-Jl l.jJax;2m ihS^I |_jU opjil 2m • g^

^ lj^\ m g^ iy]\ Ji. g^ ^jLJl l^Ja«; 2m ih53l^ SjJjil 2m • g^ iyi\j

(Yi) ^jLJl X 4Jb53l = 0^1

Oj5^ vl>~"Lj (ijS'y. f-jLo" lA /.Ik; JS' jljif Ol . t$ JLiil (jP 4:iL~. j^^y. ^ L..i^

__ ^ ._>>-Li, i^/^;.! ^jUJl
4 sLJlI )«jyi



^"^^
ISL-M' r->' 0-

bC ^. aJ ._^LiJI c^L' .i^ (.U o>U Jl ^^ J^y .4^ .^'V (.UiJ ^ ^jc, ^f

^ Vx l^y'>- ^^1 0^1 ijj ^ i^iU-l Jl^l ^ LuSCf (Yox? (Yl) Ovl^l

Albs' t^iJI^I^ s^'jil iyi\ F„^ .^1 Jl*. ^^ ^U^^l ilxS- ^
m Ai

^m = "» g.

Cg=
;^

a^)o-j

oil

^' Jl^ u^j ,j^J ^[
.

o^ji\ v-^ ^..^Sj c^l ^SJ. ^jH\



p — L rrt r- — t"i

(TT-T) JSLi

AjU-*>\J ?A3*5UJI «Ji* i^r^ cJ* ^ wi' (5^ -"*-*; c' C~jl^l (. ^ji> ^yaJ »_~~s-

f2

^eT^uJ t ^jJI J5Lc 1 ..^^ . iiii m j_^ JuiRjj w oiU- JUw»j -laJy> c cUjliJI d~>3-

. m' -I c' Ai*>^ U-oi; (_^ "T-; c 4i*>U- of

: ol^Vl J olxv^Uiaj jlJuil J objL-:u^'yi

F ^ F ,



c m cm

^ ' r"

oil

m m'

(. m' ly- Ji:-~« j_~jVI LijJaJI ji| (. la-ai rn' ^J^ c' j t -la-ii 'w ij^ -L.»:j»; <^ ijf Id

."G c...>.J l oJU. iS'JLill io^l ,-»-~j . m ^ Jiiwwa (j^Vl lJ^Ij

- = ^ =G
c= AnG^_^ L«Jlj^ . (,_fia JS' ^y. iiix^wo G ji>l jLjjL-:?^-! jLdbS' t jn'j 'w i-i-^^-J

-^( Tn)^(Yn) Jc'=m'Gj

(YV) F = "''wG
m „

(^ YV) F , = ™^'^

Jj'UJl AJjJli J_j^ olJ_/i li ;^U^ ljy^_ (YV) ioiUrl O^L* ^1 Cfj-i> J-^y -I-aJ

, iiLJtl «jj^ )t« Lw»5l«i <_-*iI::j ^rf^^-' fj^ O^

5j;Lk.s<ajl (»L..^bU (_$1 t Ja2^ 4j:>U.I iaii! L>tj>tv!» AJjJli jV^ ^r-::^' -"-^ (• <-AJii-\ j



L^A^ oj_$3l i^:S cJl5'_^ iLsfl^l (jjL^ '*-^j^ f-r-^ o^^"^^ (^-Jj^ r*--^ k_jJ^

i_ot5C« fu> i_w.l:;:o T t i_.S^ Ij^i ruy jl ^Ilp |_^^ ^^^^\ jL^ jjjLi! 4-j>«-:o 4_jiU>JJ

p, ^ GMm

(jjLo (jjS'Jkl f-jL-Jl jij tiuiaiwo i;^l:> 45'_^l j) l^j

a = —
r

(YA) F = ma.

o' t

ioJaZll is-j^\ '—AjjfU JA . T J>-JJ jl UJLf- |_ji>

27rr(Y^) ^"^
r

F = m —
r



^ ^^ LSL.M' jvj^' 0^



j^ JLlil . ,j-..«-l]l olij^ j^tj t^^t (_r-»-i ti^ f«i*«-^ (^r'*^^
jjiliJlj .^^1 its' j^

Tj r' J ti JLill 4ji:5m cJl^ lil . cjl^it Jb-tj j^ JLill JU j^iUJI jJaJ jil tjl^t <J

Gm =



JJ ^y 4 „,.».^Uj (Torsion balance) ^_^'ljJVl jlj-ll^ Jl.«:j<: 4_i[_^ ^1 SjLJrVl

. c—jbjj owU- J t^ilL-fj ^jL j^Lst _ (Eotvos) J-jily, t^^l ^^'Lj^ull

L^l Li^ . LjS>ij ^jVl JSy- di;U ^lyLi Jya: i>x^ . ^3^^^:^- l^i . ^Uiili j Uaij

;*^l Jjb: ^^JljjL^Vl J ^__^,..<,^l iJ> UJuif lil . i_,LJdJ J_i^jlxj^ i]^^^-

G (M + m)

jl bit ^Sy, ^j .M^^,.^! ii:5 Jl lUUVL^I ib5 JLp JUi*;rj T^ii aS^UJI oil

yj>l 4*^ (1 _ i _ V)

*ljj.l 4_^jU. J.^^ . i.^j ojo. ^jU-l ^Uiill J\ jikJ ^jVl ^Ji^ ^ L^

Jy V d^^ c ^UiJI J ol^:^^! ol^^l L^ ^jjUsJlj ^jVl of ^^Li: . iU*iir

.l-bt

ioiU-^..^^ ^Ldl J iJljCoVl <cpj- fju- t^jjU-aJl J">Lk;l JL*j ?^aii liU

i*^ ^b- J^ ^L^jj AJ ^jVl ^i^ Ji ^jVl ^ ^jjUJI a^l ^r . ^jVl



(—jJISj ^1>- oIJXaII jljiaj Cj\Jiii\ cIAjJi.^ jvJ t A^l Oljis I gjgtJ Oj-fl.
"
>..>a oljU (J|

Jij . jl^,^>:u-L Sj^icdlj iaiLJi .«->J^I ipj_Jj_JLJU- aJ^-L** j-S'i; . j_»xJ.I j^-«JI j^

c-jliJI (wjJU-l j>» ol JliJ iJL^ iiU- L^f JU jij^>:u-L; i-^Ldl ijiU-l ^l^^:c^ t ^^^jjJ

(V) JL^ iill* . iiliaJI Jii^ J_j>- (0-\-T) -CJI J AjU-)f' -^ ^^

|mt)^ = mg- H.

^J^ A^))[^\ iji^ mg <; V lf.j^ i]j>c::; 2±:^ iSj^\ lJ\Jai\ ^ ^mv^ jtj-S'i;

ikS3l ka.J Ujlp . 51531 0^ iai>J t^JJI ^Ujj*!^! ^^ H <. ^J^\ ^^ jlpm 51531

Ji-ij^mg.// jt (_5t tD^i oL^I J/Ziil ^Js- mg lyu m^ J^y ^rii^-' 'l$>^'

AaUs dUiSj aJI jJl <:s-j^ jU jjSLJI ^yi k 2...» h SI ...II ^,.^1 jl i^-~>-j . 5_oiUr'

~ /«' (V) jil . Iji-^ tijLJ aJIjJI ii^-l

syJl ol^l J JjJdl JJciJi = i5>l-l aSUJI J S:.LJI



i_jyu jlS" Jlj^ jf ei^ ?ioliJl ioiU-l olJj j^ JS3 LJL^ A^-bii U ll* j_^f

.
j»-jAlill jj-Jj oUJIa^l jjiyu (j-'j'-'^' V^ t>° J^^ '^^ 0-°

CAfm

viiL- a:p ^_^jUJl^ s^'jil ij2i\j x„ yjl j_^| s^l ^j.JuJyJ IJU c(iaSUl

(rr) i? = GMm
x^



j^ _ rJ«>»^ t o^J^^ «k-.yk (i^AkVl J-J>P rjjU<aii J-stfVl oLS^I jl ^l-e-

iJy.^ UJU>P ioiU-' -'^ r-JjUiJl Ji-i (_;L.j^^ LJLwo . (iil^*>Ul Jl viLii Jljoj

^1 isliJI iUL ^ij f = .^^"* S^l Aii\A jUl (^^i (^^ .a:= R Jix=r^

<..>.JL; L>-jUl-|j AjL>-ljLii 0'>Ualw-ll J-«^J X„ t . . . t J^i t Iq V?~J' L^L-JIJL-?"!

f'



^3(^3 - ^2) < ^2,3 < F2(ac3 - Xz)

a;jl*^U t^JUl JJaiJ.1 4^L^ L^l ? Fi(xi - Xo) 4_:-k5CU ^^^jujLI J^ iJl jA L.

F2(X2 - Xi) J^L . (To.T) J-S:^! J iiiliilj 4 GMm/x? ^LiJjlj ( Xi - lo )

j-^Lp ^\y^ tjUals^-L . F2 ApUjjIj (^2 - Xj) aJ-U-U ^^JUI J_JalJkl ij-L-wo J^

i;^>i3J j_^j_lAI j|v_w«ix)lja Loj . n 4j;L>-ji jJl*- (jJUlj ^J_>-IjlJI ,.1 Jl IJL* 4-j»-L>~a

^^ . F„ apUJjIj (xi - xo) 'C;j_pU tiiJi J--kUl i^L^ L^l ? Fo(x, - x^)

^ n-, ^_^jLJ-l (JlJI I JLA 4_:^L__. 0„ ^^ . F = GMm/x^ ^r^^l tij-^

4 < W0.1 + W,,2 + W2,3 + • • • + W„_,,„ < 0„,

(ri) i„<w<o„,

J>-l jJl JlJI <-jJJhj JlJI oU-ji Jblji; ? « i^^UVl iA*^ Jbl_):j Ux^ d^JL^ liU



(to) 4 < j>^l cJ- l^\J^\ < 0„

. j_y:>J>l cu^ 'i^\Ji.\ ^L^ ^1 J_^ W Ji^l ^L^ ^iSLl- jil

A.V..^1I ^ jLJiUil jUU . (ro)Lj (Vl) (^>-t ljj> ,^

W = [area],.

? Fi(xi-Xo)<Xi<Fo(xi-Xo)

.X=X2+Xi+...+ X„^

Fo = ^ ^i^^ F, = GMm
_2 ^ i „2
*0 *1



oil

: o-^iUll li* J ^1 ^i^Vl v^ l:y>i ?1,^ ^- ^1 i^i ^ u

[GMm(xi-Xo)]-^ J [GMm(xi-Xo)]4-

iV^I ^ c^ UJ, ?|^^^ ^^iJi L.

[GMm(xi-afl)] Y'

-? y' 4



(ri)

*. • f . .

oM

xo^ < y^ J y^ < xf

t A~r)-» oLo^l oj <-t-~>y

y < aci J ocq < y

% < y < *i

ot^t

,
^iUl i»j^l^ ji/ l^U jo:-Vl isytJl y oii^ lil 1 1^—5^ ^j5Uj ol^l »JLa

t xj J j^' aco J

Xj < XqX, < xf,

Xq <VxoXi < Xj



1>-^Uj-Ui ?«jjU j>«

. (r"\) V-^i ji^ y' = xqXi jt y = V^
oil

jUiii XqXj j Xf)< Xi 0[ ^1-^ tjU<a::>-L

-!<— <4

GMm{x^ - Xq) GMm(xi "
^o) GMm(xj - x^)

F,(.,-.„)<GM^^-^)<F„(.,-^).

J

t5

j_j1p J-.a*Jj ^Ij Ji<Ji . 4JLJI olJUU i--JL «.^l ,_^ J.«^ ^^^^ 4 ^\j.

Pi (^i - ^) < GMmf J- - -1
) < Fo(x, - xo)

^2(^2 - ^1) < GMmf J- - J-
] < F, (^2 - X,)

V ^1 ^2 /

^3(^3 - ^2) < GMm( ± - J-
) < F2(x3 - X2)

V *2 *3 /

FnK - x„-,) < GMm(^ -^ i.) < F„_,{x„ - x„_,).



(rV) I„<GMm(^-^)<0„.

iii . ,>y Jl o„ J i„ i»J-^ jt^ i5e>3i J-*^ i ;f Luk*; (rv) sJ^L^li

GMm( - -
-^ ) =^J''uy. ^^LJlI jt Jl;>: (rV) ,>-j cA.^ UjAa. Ij;^ ^cp<ai

W = GMm( - -
-^ )

'(^i)imt;2 = GMml . „ i j^i

. = y2GM(i-l)



^^^ ISL.L.JJI JHJ^'O-

o* « -^' ^j^\ »UiJl j*i^Ji^,J^ ^jjUiJ 4_JlJUo*^l ij.^1 V ,L^

(^A) v^^J
2CM

. v-L-Vl a;^;^ ^j J^lScll ib> Jip LOij ilLlI oJL* J>o . IdL^ LU^ jij

4 i_^l ;^LII ^UL . <u^ ^a>jf Jl iyC ^\j i»iJLiJI 4_iij_y I LJU.*:u-l J^

jJ . SjL'l Jifj A^jj JjUlI oJL* j^ J^lScJI c^L^ c iiJ-l ^ j^l J\ U>c^l

: v-L-Vl ^Uil J^-^j . J^lScJl c^L-^ Jl clii> JL^ 1L>JI oJL*
J.*^:^- jt

. i*->.U-l i>.;>-ljllj iJbio oLji; t ,_5;i;>«^ C-^ is-LII

OljjJij yj^l ^^^ ^j^J (V _ £ - r)

t

a:^J (YV) ioiU-l o_^li i^jVl ib^Mj ^jjUJl ib^mj

GMm

CM oil
gE= -^.



,/gM ,/GA4

-V^-V2.^,
(^A) :^j

u = V2 -u.

oM

oic^i



®(^J

>sAt^ji^ ^Ui^ jesm

J oLviL^I 4-*i; (^JJI jjjJl j^ >-^\ ^yi*j bjfj oaj . p>Jl (_^1 :»j-«i L^ Jh^b

. oL^L^I *Li3:iJl Jis^L-; i_i^ ^jJif jfyk J-^l l-i* J J-J^ -jj^J A/i ji^^S^I

^;;$UJJ t > \S.\ i Y A-j.^-^ _ JjVl AjJ^I t Mathematics and Plausible Reasoning

. iJL* U-L^ of *(^jUU

>AV





(r^QJ^J

fi^f^ U#fA^jyf^ iUAivUiif AUlmiH

oV^Uil i.>;o ^aVl ^jSq^ c J^l5cJlj J^UiJI ^L^ »t^jUj ^JU ^^j\2i\ jf ^Jli:

J Jj^ iJ-^lilJl oMjUil jf i:U-3- (^jl- . aJLjJ_i J-jl >< J i-j«-J» «jj--s<aj j-jial

. LjjiJiiJU-J jl ^Li oJLio j_y* liUy '—kS ^t-fAJ jl .<t.Jal>J V . (*_^ij«Jl

jjJb i^JJl JSUI (^ _ ^ .0)

<c5^ I il . ^^1 <_J|^^ 4_pLi;jl j|y)l t^t 4_Pj_^ t^L-iJl c-5>- l^iS' ?dj^

. ?jjjb ^5JLJI t|LlJI^ jS^y^ U : i-^LJI iLUJU ^LIS LdSLl. . Ui-f



pU\ j i-^lj\ J>!l
^^'

(^)

(\-e)J5Lt

J ^j-^>; c5j^'
'^yo^'^ «-iA . ^-ii>Vl xp Ji-t ^1 ,^^ j^^i j.-k- J-*^ ^_^j»JaJl

UUsyt er^-'^ "^^ '-^ (•^^=*^ J^ ' ^1-^^ J-"^ oj-iUl ii-iJ-l «^ J^LolJl ^Ja-
>...

'.

J -dulS^j «ii j^L- JSL- jck- jt ^y>Jii^J <. ,_5>Ja~Jl ^jJI ijA\^
J-^^

LJU iiJ .
iJbi

i^jij: iJSc^ . iJUl i|^l Ji^!>^: Uy>i ^ SjlJI <SJ- ^U\ ^l^\ ^ >i^.

ojj.^ till «ij;l 4 (l)ljjjJI jlj lil . ^ji Ja->J.I JLLPj ftlll ^jJi^i-^ (_r*^' i^J^ J • i^l)

;JL51^ it o^iry "^ (J_^l JJLJL; . jljjJiJI jyt J ^r-:j
^\jji^ j Uki« ^ji J^^l

i_PiU:s^ Ja?-'>dl oJLft _ t|j^ <_4^ ^Ja«JI J^ jtjjoj j_p^l i_5:ij-iJ i_4-^j -*-^Ji



^^^ pi^\ J l^lOiu-lj UviUJI oViUll

0\jjji\ jyt

(f-»)J^

ciJJI J^LUI ^ ifl^l ;jy-l . S/ JLJ^_ U>J ^^f Jj^ ij\:. jljji t ^,^1 ^^ . ijS

.(r_o)j5:jiji

(^iJI ,_5i>«J.I J^ <_J^ jl ,_jtf^ Loljji UJa^ iJL>«J j_jS^ . iJljji [s>-jL^ 1 ^->^ U..^



<^bj-^l jy^ a^j-»^.(^ iS^ J>^ o^ -^y^. Jbj^ ^^^ ^^ cj^^'I-^' ^JaJl

li[ JLa* cj^I IJla . {Meridian) ^>JI J(jJ Ja>- ?»k>JI jJjj (_$JL!l ,_j:j««Jki (_s«-~J

medius) meridies ,^J*>^I J-^Vl . iJL^^l J-,tft ;>»^rfrla; AJ-LJli . ^^-;>^\ -»^l -_ji

J .^AJLp^gljil jjS^ jjjJJl i^l^l .jgt;il ^^jmidi <L>JjiJlj j^^s-aJj (^^ydies + Ja^j

b'l t t|j-Jl JLS' J ,_^o^l jjSi . JljjJi Ja>-jt^^l Ja>- jj-iJ ^_^ Oj-Vm ^J^' (_r^

Jljj Ja?:-^ j>^, iijji^ JL»t . oUL- ci;%' J_J iijj-ij^ iJ^J^ J J^L j_^l

Jdji j:>A\ I JiAj j_^j:Jrl v^^ J^c-^' *-r^' J-^" ti J^^ »/'^ '^}y Jbj^' -^ •>'

i^JU-

(t-o) JSLi



toJ ?IaaJ^ .4^ . JljjJl ia,^ 4JiL^ ii^i ^^^ LdSLl. jt^ c i^r^l

M ?o j^^l ^ liUj . lii\ ^^_^^x jj^ c^L^Vl IJL* JU> . ^fpi JljjJJI jyt

c uYi 4iu 4i«jj jf ^gai^ c iL ?>- j_pj ji-Ui>* u ^j c jjuj j^vi ^vi

Ajf^/I cUiaiA^Ul^y^«Ljf|^?lJ^L:Ljy.Jj.?^_,2^J^^^

. ( Y_o) J5LiJl J \^ SJuUil jjUJi Jb^L- . Ul}Ji\ ij^Ul ^y ^_^ (^ a-'-~^V'

«Ia jf/i;
. ^Vl Uaa ^^ "^ jf^ cyiUl L.J^jj.|_^ li* jf 1^ . oLJIj^-yi

r^ jf>* ^^1 biOA i spLJI J v^LJI J^|» j|j_jj| c^ jh ol^LJil

t|iJl ^LJI <^j^j^j _ J_^fj i^f bji t5y jf juy ;_^U.| 4JLil oJLa Ijj

jf l^ ;jLjJ JjVl a>.J.I . J^l^ 0%' Jbr^.jj-b t^JUl JJUI Jt. iJKJL. JJ-

• ^Wiy
I Ji lij^l ^y aJU::;! j_^- iL^jA\ ii^jl\j 4_^L,j iJJUll i L^^Ji*-

AiiWi i o^/iU- Ji Ifj^j iJWl c O;,*^! jt VliJ:^! ^>JI 4_p1_^ JjVI a>.^l

I ^[^'^\ oJA ^^^ . Libit iiij^j Liu"^ ^jLks ii^^
J5-

_ o'^j.L*!! J^

.LdK-La
Jj>-

ajLj



oJLa r^ iJjLii jlS' I il . ipL^I o^aU- JJL^ ,_jli~" oL^Lji J v-y-^' V^'

. J_jf>J;l If: iJ^ ^1 i>jj-i]lj j_jk«ll rr^y. u^yn. v^' "^^ '^-H^ ^^^ *^^'

^ aJje t^JLJI Jlj^i j.>^ ;Jil*. iL^I JL^.y . i^'L,>-* iiSli- jVi U-^ j^

?iyL]iyb U ?^_^l jjb U j^j . ^\j \Jj»j ;JiUll oiAjJb biJLA . jJ-% ti-i^' lP*—"

U Jb^-t jf LJlp . *^ t^t l->i.7 N SybOiJl SJLaL-L. jjSJjjjJb ti^-il J-iLJI (^y LJl

i^L^I J ^_;.a-^2i^l J»P Uj-fl^-j i.lp |1L«JI --iv (^ J J^^f ^•^^^ "^i*
oNU-l

. <LA...ia"'l

js> ^Zj-j>^ lil . ijilil ilaiJl lSL«LiJ »t5iL»j U Jb- j_j!l (JU *t5jliJl jt ^j^
«kv. J c_ii_^l j_jk. lili . l^ iiaJj-«j ia--^f i-lL^ J^ jt Jj^ tiJU-Vl 4JLII

y^\ Jv-) ^l^L- JjUI j_^. Uxp L!ist j^_kJl Jj-S^i lili ?jj^. tiJ-il J-il->JI

. JiH\ JJUI ^jjU iJi^ ijoc^ U;^ t^/Ul J_JLJI ^ U;^ i^ .
(^^j>«kJl

jf^_% JiH\ JJUI^ Js> '^jj-^j J^\ J[ l4-fj^'>- ij JjS: jf ._^

7? iiwJl iU>i jf 2f^ • hj'^^ J-'LJI *'>f a* ^^' i-y^l iU>i j^ J^'

. JjUI «k- ,_^ ijij^k*



jjU vi-^^o JJLJI ^y. IjJl^ Ift^ X>-L .jjJu (^JJI Jj'LJl iliCiw* ^[ Jj_»: 0^1

t-LJ of LJLpj Lji-Ijj^ JjVl AJliJ^I il^j-!>l oVi UU5t JLOJ . Jjfj J_Jiif 5jj_,^



2

^jl ^i X jl,,,.:, CJt = Sj ill

^y- jlixll^g .1^ mg ioiU:-! SjJj tJ»£i ;^jl_>Jm Jl* spjli i^j-Sr^J.! Sj_iJl jU

J IjS'P Jl* oyjll vij-jWl ^JJii\ oUlf I ^ij-jc. Jl iiL^Y*^ ^'^i ^^'-^' ^jL-d

aJUisI |_jA iijS'jll e^l t tiJUi ^_yl* e^Lij . L^ Oi-l>* *-^ ^j->u LJU ( t-0) J-SwJl

(0.0) JSLl

J ^_^l ^_^l ji4 Jljjji Ja>- JsLi of j_^ V^ijr^l Lu>s^y ?dLIi j_*j liU

(W:>Cj 4:f ^Ij . Jsjj^l eJlA jj> Jlj_^l Ja^:- SJjLjw^ J-Ma>J tjLS' . (0-0) J-S^



\^w (.>JI J l^loi^lj U^UJI oNil-ll

o 'X
mu

mu

IJ-oL. jj_Sl. 03A ijjIjJU j»l(-Jl Jlijf J lail jL I JlA ^y>-ji Vf .m j^^ ii5i~««mg |_y!l

.P JUp ^Ijll ^ ijjj^,^ i? jf ,_^ I JlAj JljjJl ia>-

•-5



Oli*JlS CQSj CPQ OCijIjJl (Jf |<_ij . Z SgP = T of 2^. •OZJ Ljlj^ G5 ^^^j

oil . Z C = T of ^. IIa . CGP ^-PGSj GCP JCij\^\ y> jr oU

tan T = tan C =
2rmr/x _ u

mg ~ oig

oM

(^) tanT= -^

.X jocdl J iJjL>c« |_ylp LU<2?- ii>-?- ^y)?- ^l*J IJLa

dx u . .

^L-Vl IIa ^Js- t^lfil IIa J-«^ tan t oli

dy
, = tan T.
dx

(^) dx

^!/ u
2

^g



\^^ pjLJl J l^loiiu-lj UviUJi oNjUII

• ^Ljy ipj-ji ,j~ij

(V.o) JSLi

iijij «Jj^ Uy O^lai lil u hj\j Icj^ U ikii 01 Jjii ^i-j'i^' iPj~Jl ,j-^ >-a.ir

.oIpUI

P,P[ - « J i'2^2 =

«



w _ t> 'M .L*jUaiif

T ~
X

(V) t> = wx.

iPj^i jj-i U QcitA-Jl ^y ^J^S' jU jL«ljl« ipLJI ^^ of IfJ -bf ikp-'jU of ,_jiri

2

cjf t-^ «
"

of^ t(r) Ja^^b(^) t^J^

dx " g

^s'^yJJ^\ y> v-'^l LLL-JI j_tst Oj-5;. J-Sl—!l ^«-la- ol» lUj i ^ Cwaii jf oiij

^JiUil Oil . oUx c^j w ojlj lil iljj: dt//d!r of Ui.f ii?-Vj . ioU oljjJ i^r-

. j^LlU L^.yi J SJuJI ojIJ IfiS'ljlj^I ^f ^cp^; ^-ii^l ^^1^ of ^j-^a::*; ( i)

l>^\j jSli- Jjlk; gSldi ol* . Uif JJLJI ^Ja- ^cp^ij « = OOU t^LiJI iJyi
^1

1 il

iap:- jl JLj.Ji OU 4_w9jVl l-4X«J jj-JL- ^1 g C^^tfi^P .g (_^ Lwajf J_*I*i JljJ-ll ia^

jJJ j^fj tj^i ^Ja^y j^ j^L-iJl v_.^ N oVl j:^ Ljf ^ . olyi v:u- jli>. JljjJI

^ j^ aS:.^: Xp %--o Jly. j^LiJl of^ L^f "^1 i^L*!! L;>ijl^ o^^AsSj::^

. ( i) iJiUii 4>^ J_^ JIJ^ LJI . ^uJ^U c~-J lt45:Jj Ai^i \:^:^ .^1

oU^I J1>:J of J-Xii . jbyVl J~U je>^ :iJjUil ,_;^»>^ Of U-f b:^.



>i ei^^ Uj-^ 4ijl^ J.U1I ^^i J_^ ^jLw ijs-^i ;,_,|^ jL-^i^i ^LJ

.jL^ oJjoj oJ^ i^ (Jii Ji^)j^ Oil iSy'ijJl

^ =tanr= ^ = f =L°=1,"* cm L

.^^ (^jLj (i) iijUJU^j^Vl iJjIaJl jUjf jli aJIpj

X = cm == L,

« = I = r-\ «2 = r-2.

x«2l =Lr-2-i ,

oil

•JW Ja^^ f^.y) ilai; j^V (i) ;i!>U3l jiiig ioiU- JU J w iulj 5*.^^ jj-o

. iJliJi 4JU-J.I j_^ IJL*j

el* i^tj jf LJlp jir . S^iU-l JU Vj ijl^l 4_C^I p_^ Ja^ ^ .iUi^ t 4_.jai

.
;k^M ^i^ lij Cvjj i;^^ ^^V j^Vl



pUJI j i^ljl j>3l ^ * ^

^^ JljjJl ia>- iJiU-« ^::ivJ ki-~^ i-^L.j »j^^' ^^^'

dx g

J!U ;JiUll ^^ dUi^ . J-^UJl

dx2 X*

oUxJL. Aef t^y:^ ( 1) 1^ c oWI ;^jaJ1 ^ :uxJL. ^^yi ^iUll .Ia . U^U; ^iL«

J^ i.U is*Ap U. iJiUll J 4_a-,t.« Js.\ S^ji <.
i-4jiJ-l J . JjVl i^jJJI ly ^f

^ j_^- JjVl i^jAJI ^ U^UJI o-^iUll . oliJi ^jaJI ^ ^j^H\ ^JiUll

(0) ^(^'^'^) = «-

^ w"x

dx

2_

= 0,



JJLJl iJLl (^jU>-l j-^ IIaj) .(Separation o/ Vma/jtejoljJcli J^-^ ^j-laj

JSLlJL jr>J ^_.—^ c^" JjVl iiLllI

die

tr^ i>'^>^J—'J • ( D^J/ < Dyi. y <. y' J-i- (^^^^fjj—.j iJL^)

ejUJi dJU; j.(Cauchy) ^jS j^at^j y:LJj JljJ, JJ ^yi J_«LSaJlj J^LiJl ^L..^

eJLjia culls' e^laJi eJLA.djCjdyyts.aJ I ^J-aLi« (>1>»5' 4.>>J ^;^j:ju i kJcJii\ CJlS"

. (juljill ojjl Lw-_L?- (_^:j«-« cJaplj AfllScJIj As^LiJl i_jLv«p- JL^iji .»Ja\j C..l.f>^ >-W^

tii!i fj,^^ ij^^ • '^Lj.'^Ij^I a.il«.>»j Oj-^1 L^i i>-j-iJ isialp iL^ cJlS^ clLli «_-oj

. J-15:JIj JviUJl ^L-^^ j^_ V <ol \ji\i J^jyi uij-JUJl Ji.^^1

dy

dx

. U j_^jt« ^ dxj dy e jlj^rf L»f
J;>-j

rcv»lj (_^Jt« ^J JS^

j^jJI .-djc ^i dy 4_^ ^j 4_^ ijl^i—^^— of t^^JUw. J_i3 7«-s^_^ jf i->^

dx
• (w •

: 4_^ d\^^ \S—i— J-»L-»j of ij~«-« ^j^ c^ /;5C»j t iJiA *^ of
dx " " '

L^i^ t "J^ . OjJaxIl jf JUi»Vl \^Uju V of i->^ *L^f OjJUju il)j-.a-,.2i^lj OjiJLJI



y>i

^\2i\ .udi jUpl dUij ^j^^xiju ^g.1 j^—1^ ! ^^jLjii jy..jci\ j^ijj d^
dx

(A-e) J5Li

dx

w
du = — xdx.

g

J^ISJ jf jVl L:5Uj I )' JU^ i^j:j<i *y j^.Vlj t j: JU^ ^SJ^.
*^ j-i^' ^>^l

fdy = f^xdx.

/d!/= ^-/xdx.

JL>J ijJL>J.I jJ> J^lSoJi c->' «U1 Ji~ . \x^ j:^UJ^ J-^i^ Ji^ lil^

-•i^^ + c
g 2



2

2g

" 2 , /-

>-= t|t eii^l Ji--f jup O jS'JlI o_^, vl-^y oUi-l^*^! l:>:-l bjf/Jb- ^^j\]A\

ia>- iiJb olSlo jO^ isyiJi oV dUSj . IjJj-b- jt LSIjCjI Usp ^yk-j IIa . 01:= Uxp

»jJri Jt*. ;jjUil oJla jUI of *^1 -kui iJULiJi 4jjL*l.L jju^- *^ 4jLil of ^
^_j1p . I JLiiM LSLjj^ Iju^j ,jrfa5>«A of LJU- olS' t iJjUlt oJlA jL^^/ . J-J-l j]^

(_^^jJl

of Jl* JJb- ("V) ;JjU1I . iSj^\ U -^ Jb ^ij ^^'IJi^*^l isLr^i i^i j-- o-^'

jUl-i IJla UjL. UjS'i \^ -jj^J^ Js^-*'V^ olS'ac jj;>«ll -uj Uj^l t^JUl j_jSiVl (_$ji-ll

.yjj^\ -of j_yU oljjjJl jj^jLiil
j;^

^_piU!l JU dUij <>lij:i J^^ cif -^ (j-^

of ji>jj ("v) ;JjU1i Js-x=o dj^ i>j^ y=o j\jcjy\ i^yJi j-k

0= f^o+c.
2g

C =

.. _ "^ 2

oM

Ij-^fj

. iJLlI J^y IJJOj Jbj'* *J^ ?Ja-Jlj *
Jl5lo *i»i JijjJl -la>- oil



p^l J ^bjl J>]l Y'l

.>.l i,^i Jj^jJJUr iJL^ ^;^ iJL^UJl o^iUil Jip^Vl Uli-

o jS'J.I j^ ki...i "^UJ i,---r jt ^_^_^j Ji-t Jl ^_^_^l AAbiij L-tjoc jj>l\ i>-tj

^•1Jij^l ip^LU ^|-^ AiJ-\ . l.yJl J ^1 tju U^ f= ^^Jl jc^ .x= ,L^

rx = 0,^ = 0;

rx. r>

C^-o) JSLi

01 jS^JJ . *—^r' "^j— il^j^ i?ji—Jl 4iL-M0 iLjijI «ji 4jt oj^-Pjj h.»jt Ja_P-*y J_aJ

jt t^t .oc

(V) u = ex

IJIA jt Jl Ju^y i^tj_JUl^ jt Uj_JS (Y'->-Y') JL-JI j.x^ J-iu^ Colic .i^

jVl . it*^J *^^ ioi'Ui t-a..t..:.<j jt aJLp jlS' t a^UJ J >-»jy«^ j;^*- J-"l^b J—^LiJl

t^jL-J V iJVl iPj~JI jl cl^ . J^lSc]lj Ju^UJI Jip Jui~" i*^Ut »llapl ij^kuJ

(A) u =
dt



jJjVi A>-jJl!I r^ ijUiLdi ;3iUii JLp J-,<a;>^ i(V) J (A) -; ^>e^^

dx

JL>tJj df
j_5 »_j,.s^ . i»»~j Lfil^ <uiALI J-»L*J iSj*^ */*

(it = ex • dt.

^ J*— = c- at.
X

f -dx = cfdt.

<JH- 'oge* ;3ljJI jiiJ ? — ^_^ J-,<2^ jLi: liL.

log^x = rt + fc,

(1)1 ^j[i-j\i\ k-Aiy«j

logio2 = 0.30103, 2 = 100-30103

ot JL>J (1)^1 . ol:iil^

^^tx=0 oli f=0 iil 4aJ1-J^*^I -bj-^l Cf

= e"*** = e*.



jli l^y, k' ^1~^ _ k' ^ji^j'^l^k < lib • Vrj- e'' "Ji* fc > OCJIS' lil

e" = e * = -TT
e

c— 1:^; jt ,jSC«j V^l -t^iJI ip^ jij . J_^i*-o j^i^ iJiAj . L>-j-« IjJlp ^jL-mj^^As^JI

^L^ j>i j^^l^ . ^J\^\ isylj iJL^li: iJjU^ ikw-l^ liSiil\ ULi^ ^5^^ »y



f=OLoJiPA;=0 jl >r*-J

0= |gO+C,

c = o

oil

2
x= ^gf

ji ^^j_ J^i$:]| L._5C, 4JL*; u J ^,_s:ix)i ojju jjLLi jL^i ji . j_i. (r-^-r jlJi

iLUl ^^j fcafenaj 4_J^"^LJI 4_J[SJl j^ ^"L (Catenary) ^JUUl j>^-J-»

a~^ (^ '^^ Oi^JaAJ ^y i!_/»y iiljw iJi:;^ iJLJL. aX^b (_$JL!l ^_j:;;>«iJLJ J_«j«Xwj_j

•^b J^^b iJ-l- ,_,:.:x:u LjJ ^j^ spL. l^*-^ Jji jJ^jdl Ixkaj cJl^ iil

^ i-jfci apL. iLJL- jJL<Cj 4::JiJbj qLp^ gbi J-^jJi Jl^lj;uJ«-^ C-JlS" LoJJip

• *^jj J^^ C-^ «Ma'.;i JL/ol



J (»4Ju^ olijt (.Ji*- j_^^ ui-JL:-«il (>• j^\ ^il^l '^JJ M^L^ ^j^ Cyj^^

jA, [S . jJuJt i>\JL JLLP jlUI oUilj i*J U,^.^^^^ o">L5^lj iJ!>L-.Vl J J-i]l v*—^

iJ^ d[ . ;JLJUI ^_,:,>«x- JS:^ Jb^L- Ai^>^ ;iUil iJ!>L-Vl ,«yr (Ijt L^.-.^^

U . Jill (.jli- *^ L^t J Lrlii^ -J^ *i^>-^ ^j>^J ^-J^' "^
^-t^'-^:^'

*^~-^'
• >-r*-^^

^ J_CiJl ^JLil i,j^_^l oJU j-i^^ aJuJi jf jUI dUUl ^JLJI 1^ . c^L'

. A.LJ 'I i«><-^

(\._o) JiLi

J ^_^f^l j_pJ.I Jjp- SjJiL;i« jj_Sou- iJLJLJl . *JL$3l >^^..>JI f-i_^ t_Sj_<u UJ^ j^

^j^ . lijj>^ liA ^j jjJb j^iJl JJUl Ji.^1 Ji-f^ Ai«rJ of ,1;^.



y=f(x)

(^\.0)JiLl

. A-oiaTJi ^UlJlJI jl Ja>-!A> 4JLJLJI j'^^'-^.j^cy I C.^>.>J 01 ira«oi

4i-^j j^^SUj V js^'yi iJ^kJI a;lp *-«~»JIj i-iji» Jcs- ^L«.JI kiiUl tiUii^j t5j>-f i^^r

iJuJUJ iJ>JI «li$:3l cJl^ lil ?iiUI oU>« Jl ^L:^ Ljf (.t ^15 IJla Ja

iJ>!l L«xl:5 iJlL. aJu-M : JU)l_p^l^ ^iSCiil i^L^ j^, . iUiJi JSLi

jjUJLJ v-JL i^jL^ jL^i j^j c jij-;i 4Ji^ jj ( ^ ^_o) j^LtJi j i^^ ^^i*- a



y\y

V Ji dJUUi of Ji=-%- c^-.:>w,lj ;jljk-l JLp ^^ tJbr !5L5J ISOL- dii dUS ^y ^^-iUJI

. ijjll ilul^ iJlill ;LJLJI .^ Ai-jLi. ^.,.....; V*-. i^kuJ V oi . ;jljk-Vl ^Ici

. LI Lbr IjSli oj^ iL-Ui J JLiJi of II* j>« 2^:i-J

'A (x. y)

J B o\yt, llA 1^1 . ^J^^\ ^\j^ (. B Xs- 3/ jil tij*" i-lj^ ^sr*-^' »I* Ji*J

S JLp oly>. u?>l OU liJj c ^>L^I ^>. ^\j^H\ ^J^\ J\ l^lj^l^^j
^ tit v,.-^ s JLp spJil 0^ v-f^l :LS'J.I Vj iuiVl i^jll H J*>J . S^bi- t^y,

oli-^ljcujob[jl--j^//6M»Vlob:Sjll t^LJl .^.,.....; .(> Y_e) JSLi ^Ij .uyj^'

OjlyJI JLp J.,<a>J .2V t5jL-J OiVl^t uir^jJ'l ^J^-^ ti>-*^l t/^' L^I-^J-i* l-U?

Oy iLJUl of
If!

?*-—Jrl ojjy U.S ikiJi -Up *--Jr-l ojjj2Foj2Jl JjUu of »--?r

^ (Jl^ of L,>^t c^j . p--Jrl J> Ji yi^ J-i OjjJI oU Jj-Ul SJ-j«-^ X:

jU»ij| .lJbrSjow9 FdUJLS:j2FoUIJUjiJb^:>LJUd>JJbr J^-sfli3l ?|»,^

^y.i ^v^ . ijSif iUiJl Jfj?- j» JS' ejS T^r^j < V=Od^ iJli* aj^U aLa (.--J^I

JLiJ olf! t^t^ S jlp UJlJI LJai ISI . ^^.1 t\J.\jBxs^ JLiJI Oil . ^^t S Xp



Y\r pU\ j i^ioiu^ij ijuuji o"yjUii

op_BA *jJL.| jil . jjl^i iJU J L-lr j_^_ ;ULJUI J JJLlI jf^ jVl LiLI

^ t_w. 1::j e_^l oIaj Jx-ot ^J ioiUr' h-^.j-^^ <LJlJI y> Ij^J^^ ij«iai JS" . -lJJj

^^--^' "JJJ (>* l5j^I o-i* iUast c SJb- ^_^ oJL* j^ 0^ JS" Jb^-D N llil . i*kaJI Jjls

klj%* jyb c^ op BA jil . Jiill jSj^ ^_^,_j iL^ 4ia4J J ^'3ij W A.>«..J ^JUI BA

V

I

-I--

-*«--"

j^ U^li; ;Jibu.^ J_^l ^^_ Ja .B jj\A\jy jy^\ Jj^ ^ij_^l iaJ~\jA

.jP^ li-i JjLhJ cj^ j^ I JLa ofjJu ?liA

dj^Wl t^_^l eJL* of iijA*^ tjLJ cii^ Wj r c 7/t^yJl i»^ OL *jUi y> NjO

<^i*^ J^J o-lc^l uii ij^l ^ T cJl^ lil c J.UI J t5 . ( \ i-o)

WtanT= -.



C^i J v^UJi i3>]i Y\i

dy
-T- = tan T
ax

jt »_Jyo tiJLliSj

(>•)
dy

dx

W
H

oM

o '^v

(i(t» ^ 0.0) js^



^liii j^ ou o ji ^_y>ai Jlp p iijp^ ujlp . (^)^ (f) ( ^ 0-0) o>i^^i -i^

. ( O ^y. ^^i vV "^ 2 j^>i) OQ ^\J,\ J^ ^ ^JJ^_ OP

Lim^ = DJu).

dx

Lim — ,

I-+0 Ax ax

4jt^j iJslill J.^ UjlLp 4Jj Jjij oL lijyu JlSLiVlj J-«jJl . 4_pJLJl ti^r-^U -*-f'L—

i

dy A
dx * H*-

S-^)Ml7-



dx'' dx '

dx
" '



;jjL*il Ji^ L;5U. i^ULl ;ijy-l eJL* J . iJliJIj JjVl ui::5iJiil J«j ^ >- Vj x ^^^^ V

oil tp =-_L Jjc>J
dy

JjH\ ;>-j-^i i^^i*- J! ( ^ i ) *^^>^i J.?^j

. UJs ol^l Ju^ ?o'!il^ liL.

. iUVl oIa ^ iS-ti UjPJ^ . log^(p ^ (1 ^ p2^1/2) ^j^



1 f1. p 1



c^t

ax

dx 26'/" 2
^ ^'

fdy =
I

/^^'/''dx +
I

j(-e-^/'')dx.

-x/a ^ oe"*/" iSl^J g»/a ^ oe*/" ii^^ of IfJ

2^ .-— -
y = ^ae='/'' + iae-'/''+C'.



y
=

I
a(e° + e-°) + C = 1 0(1 + 1) + C = a + C

i_yAj 4.L.>L.Jl j_^>«Jk ililjta ia^l j_ylp J-xa^ C = J^;?>^^

(\V) y = o
(e'/" + e-'/o)

L«jl:>p UjUj (j5^] i^s>^\ Ajl^^ Xs- x jj^ «_^j aJU- j > .......11 UJ ?«—.^ '»->li Ot^jl—~i

A'j^ ijcAf'^ /y> ^y>^, iHiuu^ i<JaXXa iLJL* J5wp 1'. .^^ti Jii : oJL>-lj AJa^ C«»a;

OiAJba^ Oh^---' (JA'jA ^L.^ o^Luli j^ i!U-l J djJut liU .
^'^\ (^_ji~Ii ,j~i! J

_jA [S Jl^_ *^ JTj Uif JLiJI o^.fi aUlJI f-U jl;^ ?^Ldlj^ Js. ^^Bj

(^•*-'»)JS^



oXL .iUSj C o:^ ji^'c JU\ .>LI Lifj iLUl ^AC .jJL| bJai L:? ^>J

J l^^j_ill^ ^'L-c^ ^, A'C «'>Jrl . AC [^ j^AC d\S ji\ Sj_iJl ^^
•
^"^^1^ J^ ( \ V) jLJ ijl^l C jf

Irij . asLi^ ^, AJlJ lUj J.UI

-ULl . L^f ;iJ ^j L^Lj i_JiJ| J_JLJ.I J^ ^- Ou A-JLil ^^ iJU*

. ij^ jLrL- iJliJlj JjVl jLU-J.1

yr«^ Jti jyli* Ja^j J j_^$LJI ^j^ Jai^_ j»_^ 4_s;^ j^_jL^ ^ 4_JLJI LdiSC^

**^W-^'j c^Li^^l u>*^l ^^ jVl Uy^i
. jL^^^I J 'l^l ^jl^ -J^L; Ujl:^ LJL.

. eJL>-lj Sj^ "U^L Jl

bijj jU f= Uxp x=0_^_, ^'la:j^l J,yJ| J\ iiljy^l . c^_^l J fJJ Uxp jS-J.1

i4*^ x^ cJ^I j_^ -u::«i IiiLJl j»^l jl^ UJ» . ^ = yj LJL,>i U^j-i

.(\V_o) JSLiL!l>;l ./(f) xJL*i J ^^^siJb" Ld5JL..x=/(f) jf JtJ^ j^:;^-x



pLJI J v-iLJI J>JI YYY

«). (V iii =

fv. f>

(^V-o) JSLi

jf 1^ . i5>I-l \^ X^SjC jJI i»j^l ^,Jbi J j^" ^j^^^wiJI

m •
—- = mg — n.

^ ^_--b:j-/? jfjJio . JSUJ-I Jl ^yf ^f
*yi ^^:^w9 j^ jo^Vl ^l^*yi jf ^ .

j^i^

;)jU1I ^y^ j^L-Vl 11* JL*j . 1< a < 2 cu^^ u"

rw
df2

- mg- Kv",



of Ifjj . ^ i_$jL~j a A*>tl~» L^J->- /;^-*i 4ja^.....i iJUaLij SJiLjw Jip J_va>«j |_jSo

... ^a:
Ob v =^

d^ " ^ m dt
'

iS^I iJiljw ?^-^j iw^j^ iJLP =
Jt Jj»^ jLal5^!>U

dSr , dx
0^) -^^^~^'df

dx d^ _ _d^/^\_ ^ I \ — ^
dt

" *"'

dt^ dt\dt } dt
^"^^

dt
•

dv ,

d^-"6.V6 -/- - -^^Tj^.



-^log,(g-fct;) = t+C,

log,(g-'^t;)- -kt-kC.

<_^j ^1 . . log2 =0.30103 JJc: ^j^\ ly>

g - fct? = e

Jlp J-^^j -/:^ ^j>'Vl ^>J1 Jig^

0^) ,= l_ie-**-*c.

g 1 -JtO.„-itC= 1 _ i^-*c

oil

(^•)

g = e-^.

'^
fc it

^

. , • ^^ • f 1

.ijJb LS^^ IIa u^VI ^



^ ^ * C>JI J 1^1Ji^lj il^UJI oNjUII

k*^ k k ^^

f^' SB -^= 0+4 -e"*" + C = 4 + C

jlc^f

g.. g _-h_ g

OJ

^ j^\j LJ.^ ^jU U^_ ^ySi\ ^yi^-J>}\ ^^\jJ\ jjJUJ! I* j;Lki Jjk

II* L>jU ^-"jU ^ U : Ja^ Jl j_. fju
. ^j^ ^y,^Ju_ Jc^ LJLs iJUj , jaij cjpi

iajLia jjOj^l Js^iJLi ^_^li-l jJlJL>. j_^Lii

-^:X^ Jl ( Y Y) J_p^- jf ^j^lj k= cLUiTj ^= jLs illSc^l ilL* ^. ^ lil

V*-^~J i>-^ e^ ^^>—iJl
^s^.

lift jV iJjUil J ^= t* ^_j^j^ V ^;;S3j .jJlJL>-



xJ\ Ji[ ,y>s>^\ li*^y ot LJlp .juJW y k <^}JC Ujl:>p >L>s^_ lib. jj-.^" LuU

LSLJI |,^l ii^^ of ,_,:.*»^ vV ^^ -^Ji 'JM • ^ ^'^>' *^-^ J Jl ^-'>' ^ "^^

JJUJ-1 JA ^ Jio l:Jyi3 . ^jJ Ja-j J Jai^- ji\ (.L-^bU vV **^ ^^J *U^I

.lAa

._„^ ii^r^l JjU.! ^yi JJU> t^t Jl hjA^ iiJJU> Jji^^ J_^vaJ-l ^>" ."'' cS^L^I



3

3.1

3.14

3.14 1

3.14 15

3.14 159

3.14 159 2

3.14 159 26

3.14 159 265

3.14 159 265 3

3.14 159 265 35

^ n+ 7 jj.^J^ . (1110) ^^ UJl-x- Sjj^ Jli. 77J v--^^' o'Vl L_^J

/(x) = Co + ajx + a^i^ + Oax^ + • • + ax" + • • •
.



. :>jjJ-\ ^ tils' bJLP Ui^-f

iiL* . ;i,>JI oi^ L*^ jjSU^ i.U.1 JljJiil (Jiuw i <oLSC. JU jU; ol i-a^iJ-l

J ^^ 1^ ^^1 IJLa ;Jr^ J> iiL* ^ .
^LJ^I ii^ L*-^ ^^. ,i^l ^

.(^-X-O)

: ij^^\ olS^jSlall |_;^ «.lWlj lA^A\ oI* |»ii^

X x'' x^
^^ = 1-^11 -^21 -^3!

x^ x^ x^
sin X = X - 3j-

+ gj-
- ^

x^ X* x^
cos X = 1 - 2[

+
41

-
6[

log.(l^x) = x-f ^f-^+---
.(-l<x<l)

3 5 7
arctanx = x-^ + ^-^+-- (-l<x<l)

-.^^=^4(^r4(^r-- (^^^)



^ yL^ (^ _ Y_o)

^^JJa::: ^/ IrV (^) ^ L^*-^ ^Ijx |»J ^^_^J. UL^f ..ik; l^V (f) '^j^\ ^ L^^wii
^

<_jL^ ^-^al^ L:jLs n J_i^ L^^ L>.-^w I jo*^ a culls' lil . (^^f UL-^f x j_,-ui

^ SS^Sj 4JU-I «1» J ^_jJcSS ijjjj> ^ . Ja^iJLx j^Jc^ 4_*J ^V (1 + xf

^^pkuJ UU ^ ^ Jifxj iaiUl i*^l cJlS' lil il^l J . >_o^L J^ iJU-l oJuk

. ij*'^! k_~~?- AjJO*- oLjA; JU- J_j-,aJ-l

o^ aJ^ i]^| of ^ a,a>J| J\ ^}cs^ sj hl^\jxjujj. J[ ^l>j UL^f lid

1 4 - 4
3,

10 ' 10 ' 10

5,5.7,5.5,5.7

?iJLzll ijo^jj ^1 j.^1 ^_a^ Ji i_^U~\ jmi IJU ^ U^lj ^f . JjVl



^f L^lj ^f .^ tk^^ Jj-^l OjJb iJ^I J Sj^^^l ^J-^' JL^l t^^*^

;^^^ Jj-^i^ Jjf jjo^ Ji ^L:>^ Li:L* (l + xf iJj-^^i- J J^ o^k^ 1^

^f V- aUl^ Lt.^ Jiiixj i»J ^f ^-iJJ ol ^^.^-^oUU^ J-t- 4.^^

o!>LJuJ.I ^^ lia :JI>JI^. . (^) J ik-Vl ^;^ iJapt -^ .iJU-l^ilL-J

J-^ ot ^k...; o">LJl^I oJl* J ?j: jod.1 jlj^ oj-b Lk^ Ji<i (i) '^-t^j-^ J^

cJl5 lil .X jJcjJi ^ilUl i*-iJl ji^>Ji i>i^ -^L^ u^^ -^ J^ C^-^-
^^-^ '-^'

. ijjJ~\ ^ jS jJLP Jl«j *^i iJb-;!! «I*

L.^ jj> ^ 25J <^li!l jiJ^l v*~^ Ji> a* 'J^'
o*>L-L~x- l^\ ^y^

d'i[.x=27 j28=l+xdi}JSj a=i 0^

^ = (1 + 27)'/^

t ^ j^ Jif ^ilUI Ljx^J J«^. vUUijj: JbJ^ Uixi tL^j» U-:>-^ Ij-U- ^fl jt l^j

9JH\ Vc^_ 11* ^^. *:^f . 33 = 27 oV ^JJiii^t li^

1 + 27 = 27(^ + 1)



^^^ C>JI J W-'-ki-^b vU-iUJI oNjUII

1/3 ,
1

\l/3
/ 1

\l/3

S__JL Sj;v_i^ X jf Ji^^f . j_jaJi ji^ eJL-Aj i/27 t^jl ; (1 + xY^^ J ^ j'^l

•^J X = 1/27 ja = l/S^L.^ ^y,aj-l oli 4.^ ii^ jJiJ

+
3! (^)

= 3

+0.037 037 .. . (^^ + ^)

-0.000 457 ... («-i(^f)



^^1 J i-^LJI J>)l ^^^

+ 0.000010 o-J*^ (« + ^(^)^)

- 0.000 000. .. (
~ aJl, Uj ^1^1 JJ-I)

'y iJbJl jjjJ-lj ^l_^l Jj-1 .5.05^ olfcj Oi^.^ OiJ>:-» Jl ^ i_^oUaxi

^^,;_,diJl jJJrl i-i >*^' aJ^I Jj*^I ^j-^I oU Upj JjVl ^^1 Jjbil ^^'>-

5.0565 ^^,^-.^1 jJJrl J^ J-^^ c ^1^1 JL^I J\^^c.^l -3.036 J oUl^ J:.%' J[

">^
. (5>>-f ^;:t:H<^ JJ-W ,_^ <ijjai\ oIa J:^ i>^^ ^-^

^ = (27 + 18)'/' = {27(1 + 1)]
= 271/3^ +

I)'

'

Jj> J^.s^2^^f JL^ ^j:j ULs iJUj i/27^ V-b 2/3 , 1j^ 5^Jw c ....\ x L»

3^ = 243 2^ = 32

239 = 243-4 = 243(l-4) = 3^(l-4).



oil

^^-{3»(,-^))"=.,3=r(:-4r.3(:-4f,

(1 + x)'/^« 1 + ^ X.

(1 + x)''« 1 + ax.

(»::^l ,ya^>J^\ . L^ <u|^l *JLp^ JaU JJjJ ^JUtjf ^Lo J fr^l J-oU aJLp j|

J_^li ,_;.<a>^ i>w^lj culls' 'o\j SX>- o_^ LjJ (Ills' <. JjLJI J . <u)Lp J_j.v<aJ-i Jbu <»L>-

le-jJA j_^UoLj lyL^ iilScs-Vl oj3 «p^Ujj^ •(^^) 'C^*) ^jl^' ^>^' i>^i-Jl



v=gt-c(t)

jA l:>-\y^ l:^ 15^ 4iL~» ,«M; '^ ^-^

JT = i gt^ d(t)

S-u>L-^ ij^jkuJ j^l . ii^ l^iJa; j^ ^^^SUi: (1
l^j so-^ i-k?^ LjjoJ jl^ J-a!

Jl* J.s^2^j (f) J JaJ.1 e' i3^ jx^^J^_ -kt ^y^ . ( Y • ) ^:.L«iL fjJ

jls A:f i»J cJl^ 1^ oil 4 kt Js. ijJ Jjrji >i dSiJSjx ^^ ijJ A>-_jj ^ <\ ii->^j

-I ky 12! 3! 4! I



''-^--k-^\i\--w^^---\

oil

(Yi) t; = gf-gf{^(fct)- J;(^'+^W'----}-

^la*Jl ilU- j_^ I JL!j t IjjL^ 7<^ j^\ (J--J-4JI J Jb^ JS" jU /c= J-*>J L.J_:^ <«_;!

IjJlJL^ OjJU ^,...^; OjjUJi jlj iilS^*yi

^y. 'yjL. fo j_5_ji La bjd ^\^_ JL, Jui 4_;L-i; j.^jj 'yf . LiL- j_jk*il (1 + l/27)'/3

_^ J^Vl j^^f^;_^j/cf^icJli'l,_f-i^.-*^(Yi)iJjL«il tL^^ . 1127 ^^

^^ i li| Sjoi.v» /tf jU aJL^j . I JL>- SjJu^ k of ij_/>«dl j^ t_iyo ^y^ ?o^r->u^ ^f cJlS'

A:f CJlS' liU . aajL- J \jjjJaA kt ^j^y» j^\ ^ji}\ J JL;- JS" jf Jis-*^ . Sj^-S' f

'^ Cy ^^^^ 'sLi
. <ujLu jj^ jo«.v» j-~^ ,j^ Ujsr ("V^ -^ J^ oU ^ ^j^ ^;\iS^ ^^jtval

(^f i aSjJI J ij^ ijL^ jjjL. A:f J lj^\ iSj^^ >~iJ^ nAc^ ?<dlS'



V = gt- q(t)

(YO)
Yi

(^^) - ^ (^^)' ¥ ('^)'
5!

(^0'

jU aJU-j a-j^^^ a-^ JI^ ^ (Yo) J jy^\ (_;-ja!I (1)^1 . aJLJI r-bj*^ i-^JU I J-SIaj

A>J (Yf) j»^^U . ^_.jJl-VI ^^-i:^ (YY) ^l*J 0*^1

V 1
"^

21 31 4! 5! /

g , g . g g . . 1 .2 . g / fcV .
fcV fc^f' \

If-A + A
k' k^ k^



a>J i2_^l JUj

^ 22^* 'l^l-ir-'ir-'sr "•••)•

2 S'
fc2

''^ \^ 31 41 ^ 51 ••/'

o^

(X1)iJjL*il^^^l^_^| jj^J5jlJ^=0cJl^lil .(Xi)H(TI) Jjli

^= |g^^-g^^{^W-*sP'^L,>-
I

Ol til

^ = I g^' - 5 gfc^'



b:^ Jiji IIaj . (ij^ kt cJl^ lil) l-L?- VoJC Jl*j

. [Jb\ LftL*Jl ji\ iJLjai\ ^jJcj JjJij < it* < 4 ^^ lil s-^J^

jL SJUliJl iiijJl^ L^_j>ci\ A^jai\ !*• jLl~» l^^f ^-S'JG . ij^ a_JL** i-j^f oli

(Y') Ji« ow» o^^jUi ik-wJlj SjlJ;-! oL.^1 oJLa g-lr::^! J ljii\ o*5LJl«i«

jluj ^^\j^ ^j^ jl |_y~^ M (1)1 1--^ : (»LjVI eJLfej ^b" jjJl <_..::SnJI
J-^j«* ^ j^^jLo

^j^ jl j»JLp li| »JUa:j Ji t ^^-ijj (jl^?*
*—'l^ ««-l_/ (J ^^' '*i-^ l5-^' «-i5j1^1 . «-^^l



7M—J V of (..ji
. Universal Algebra : iijJL>jVI iiiJL ia^y _L>-jj ^;^j . ^!>UL a^

(^A.o)J^

t = n + h.



IjJlJU- jjj\i (jJaJj «-|_^l iajLLo
J.«-r

'f = I gt?-

oil

t = -

'.-V^

-^J JjVl LxJjUx J ^2 J ti iy=- a-^y*^

-Vf"g c

i(V^)V^(V^) = ,.

jf Ijjj . «jjkl Jl,51 j_ykj
^n:-'^^' 4j^,laxJI ii^l jf AjjUiJI Aljjai\ ^ oIaj j^^UJI U[



_ J ^j-iJL ^ij J^Ull lift J\2 J^UJI J>.jj
jt <_^bll j^ t Vx J-«^ ^ '

\/2 '
"

^(Vi)'+2-~(Vi) = i.

V2g

(\/^)%2—^-(Vi) = ct.

Oiir^l Jl '-ij-^J
([^j^ c/V2g y Vx J^^ '-«

\ V2; / 2g '

Vx +
V2^

V^ =

= -VI^'

-V^-

oil

<U4j

V2g

lil . i^ULi o"yU-l ^yuu J ^l_^l c_j^ U;l . ol .h.ll^ : :L_>.,;>wJI 5jL*JI



i;li<u jCju i_^jil jJU-' -^^ Lo-^*^ x= LJaAj r= OjS jl) i-^jil SjLi*^! As^U oil

2g

'•^---^^Ji^*Ti*«
c^ 2c_

2g V^

(TV) I = — + ct —

V2i

oM

a/I^' vb-^^^'^'



Yir

(YA)
V 2g \/^ \/^ ^

^
V2i V 2g V2^ V2^

= - Vc^ + 2grt

ii^l J A*-^ of Li*(YA) JjJJrlj-^ of JJ

-l<y<l *^^ VTTy

n.. tijL_;c?5A^jJl^^_^_ ^^2 + 2gct ^>»^ tif ?IJla J-,^ ^^-Ji:^ J*

4 ^L7(.aS rY tijLw-g .iUiSj L>- L'/(.Ji

oJl5 lil 4 oil . LiJC 1100164 t^jLw c/2g oil

* < 1100 ,_^

2gf < c tif 64f < 1100 oli

2gcf
f

-V < 1 -?' 2gCf < C2 O.J

bl - 1J^ ^5^ o-J L^l c i^.^L^I jL'^l J ^LM V J^x^. ^^^1 i,j_5^ ^j
V-~^L--lir^n tifMixfYxV, ^L^Jai^_^UiJL' UV-" J^=?^t3>^l

.Lll jU U* L^l^l JU jl . o^l JUxJ'y jl^'^^ j^^ ,^^1^ j^U
^y>i> jf L^

. c^ijJl jU C...Jj

2gcf



p>JI J iwiUJI J>!l ^ ^ ^

-^ < 1.

<ic^' Jl (^A) J jiJrl J^ of ^.

A^
1 + ^

>^^Ti^=^c^(i + ^) =V? î^M

= c- î^M

oM

2c Vi^-^v^V2i

(YV) j^j

/VAN ^= — +Ct -X/l + -^
.

"y UJ» . oy' aJLjL. J 0^ of Ji oj-iUJi II* i^w j^ A^tx; of J-^Vl ^
OjJli ( r ^) ol .Is^ . Oj^UJI jLj:p^I ^^. ^>53j jlk- ^L"^ J_>-^l ^^



^>.>!lj J>!l ola^_^ -<J\ii\j JU^^I jb^u . «L> jLx.VI jL:p^I J_ia; ^^^kuJ ^'LjJ

j:= cwj t= sec

c = cm • sec"^ j g = cm • sec~*.

^y^(y^) iii\A\ jil

cm - cm'^-sec-^



ii jjJi of jj^ Lois till (J Ja4>.jjjkj_,:jJ-l 9\^j ijjj >:Ja^^ Uj_:^ . t_JL- «_j>t^l

a..,--,4..i%:i)...i(m<i^.3,...

2 8 16 128 256 1024

( Y^) j|cpa; II* ^j t Vl + 2gf/c 4>^ J^ J-^»^ ^ = 2gf/c J-*>^

X = — +^'-7{-l(¥)-l(T)^i(¥)

128 I c ^ ^ 256 I c j 1024 I c j
"^

^^' a- Jj^' ^'^1 ^J^^ vlii

g g 2 ^
g I

16 I c ;

/ 2g^ \V 7 / 2g^ \^ 21 / 2g^ \"

\ c ^ 256 \ c ^ 1024 \ c /

5

128



^ ^ ^ C>JI J l^lJii^lj ijULiJi o"^iUl

m\ c I
^ 256\ c ) 1024 I c j • • j-

X
2

^
g c2

I
16 I c j

"
l28 I T" j

256\ c / 1024 1 c )
+ •••

•

oil

i^'^-^'11^(¥)-ll(^r

256\ c / 1024\ c j ^

JJ-S3I (_;-^l
J^''^



: J-»IjaJI ^ ^o^J^^ iJbio ii^!>V: Vjt t iaii j;^! ^_>iJl J=^l.> J (3^'

1 5 7 21

4 ' 32 ' 64 ' 256
'

i. ± ± J-
31 ' 4! • 5! • 61

'

y V-u

j^ Vjo 2gf/c LSy ia3-!>li t Uli . iajJiJl Jio jlj^a>-L j_;^b:o" sajji-l iJlrdl ^;jS3j

(r • ) J j^^l^^ hiJ^S 4_o^ll jl ?^:ui^ liU . Lf«^ ^_^
(^j-^Jl o^J *' (^y

jf L*Sj; Ji4 IJLaj oj^Jw 2gf/c cJlS' lil i~>-j»

X =
I gf' + c

.^L- «j>e«,flj Jb-C cl.

j_yU J-s-a^tJj S^rJwa I^V L4JL; Uj 2gf/c -! V^' »?^' J'-^l o^^

= i^^-^1i(¥)-^^^>-}'

of

^= og* -
1 g^^

2 c

. SjJw 2gt/c j_^ L--A^ -Vr Vi^ '-^-^



Yi^ f^i J U-i |j*r iUJI oMjU.1

iajUll ^^1 IjjaJI Jix. Loli Jcibsl J^ciJljj_i ^J^LI Oj-SC. of L^-U ,j-Jf

LIp . ijj}\ o*>LJ.v^ S^'Uj i^l Jip JJj <jUdl IJLa oI ^A^L-tx^ JjL^ j_lJI j**j

^lij f/j JjoJl J> Jlp

Ji LL^/ jU.VI J^ ;k^l_^j (g) ^iU-i

-Vf

i-!LjJai\ o'yi LjjJ . Ijuf L-jy>^ ci=!27r of ol—JI^ L-LljjJ aJlp oI . jjiA-U

T"'«

'ifjf .^y of JJ ^^jy-u: of LJl* tj.^>,.«x>^-'i[?JjjLj^

..>.J (_^l o_^l ^y U : J*'



jA ^jLjJI ._^ oil . J-i-l Jl wg 4_j.-.U:-l IjJj rJa_J-l J^^B ijyk^\ ljS]\

mg JJUJ eij-- i_$jiJl ^!>L^f i^Jj^yjii.:^-! ^ "^Oj ? /? ^i^a^J.! ^\^.R iL^a>A\

. [(<^) ^ <\_o] j5:Liii j^\ . aJlp i.j,^ ij^'j -M-' -si-^*-^' u^ Jj*^' W;~^y J\

iUa^l ^ bF t iaJ-l JLp iiJj^l /ng i5^ of J^ dU JJ i>v::oj .
T xiJi (j-^Uij

^jJl Ja^ljNB Cjy. kj^:^^ ^-W- ^ CBQ = <> ot Ji->-i t J-Sl^l i-.J-^ ^ R

of -^ 11* j» .
-/VO

(V ^

)

R = mg • sin <>

.

. f-j\...:\\ > ...J ^1 0^1 L...>->- JiJ

5JUJI J. . (Y «-0) JSliJl^l ^ic-j^l ^ L» X?f . ^^^ 'i ?5>JI ^jLJjJb L.

if-j^\ jj^j I • A<() <d^ ^y^ s^l i3^j A(j, i-jljJI J*>U LJ-I jjOj At

l(d^/dt) v'^' <cj^l <.^jy::^yjj$j:j . ;(A<(>/At) 5JUJI ola J 4..1a.>j :ll

f-jL-JI L_.o- Ji o_^ 1-Jjj

iJjUil .-^ of tk=J-l j^ ^:;5^^



yo\ pU\ j l^laio^lj iJuiUJi oVjUII

(r\.o) J^ (T.-o) J^

mfl= -R

(^^)

ml -— = — rng sin <^

d2<> g

Olc^l

. JjJuJi ii'^^^ ^Sd ^1 AJwiLiJi iijUll ^ ol»

oil . Ja^jdl juvi'jJl IJlft J

W t = L«x* <^ =



p*>Ul j^jJl jl ci->^ t A Jl S^l J_^- LoJLJ^ t Sjjj ^j ^Lii JU^ ^Mr' ^c?*^-

Jl C> J\A J\0^-^\S ijj, ^U^ f.3->UI T^ji\ ^j ^jLoA Jl O ^ 45^

^ J ,_yJk*Jl ^L*^l ol* ? t = i T cJl^ lil <l> i_*J L. : L_>^f JU . O Jl A'

t = \T ^-^^
<f>
= a

oLojLw ijf (-i-vau "^ i_jtwJl 4_..<..>J Jjjf d\ ^-^.-^ ij^ ^j "^1 I J-* t-ajsaj Ja j^j

I_y4jj
A.«.>Jl L>«.^ XaS . ((«U--I 0-U>-j ^jLS' J^r\4 (^-*JI *(jr~'' • (^ J>-^' ^^ c~~.?-

L^lj A Jl 5^1 J.^" Ujllp . UyJ ^j J^.j^ Jl J^ IJL* . L^l

—

^j-i>'j (.-jil *4j-iJl

: LjI kSL^ Oj^j i iJbJLlI AjLfi jl:>p

oil

^=« ^^ 'i=o

C77j -^ = 0, ^ = a, t = ^T AJi^JLJI Ju^

. UjjJj" Ua^ 4.>o->J UU jLdI ajL^ Jl 6^1 J.^ L.jl:>p Jji>cj 1>jJJ\ 11* jl *!->?-

: ;JL^ iJL.1531 w-LJI ^pL^I ^^ o'i/l

. r^L^ ^jiiAij (II)J (I) ^ iyytJij (rr)j* J^Ai

^ -^\si- s^ J«; ^Lil ;pU:» ^IsL^ jl t"^jf . U^l 'jl-iV' v^ j'yf ^^



i 4_ilill i i_-Vl J-i. iij^l JijJUl ^y^ U>]dC^ IJL_aj ^LJl ^«_LuJl JljJb

ijiiJi ;iijdi j^y \^\ (^ ?(rr) ^J^uii j^ i-p^ u . jUJi ^Vi J\^ oVi

(^i) <t> = f{t,l,g).

c> J-^»>^j 'J v~Ji- (r i) jxjl: .>'^i ^>ji ^ ixj of jSU. cLUi5

d<t>

i-fv,i,g),

^=/"(U,g).

J-^^j C//) ^j^\ ^j^ .(Xi) ijj^\ ^ JJ-I of^ Ujb- Cjc2.Jh\\ ^ jr

.A^ajgc/;JVj.rj_^4^«I!;jiUilldUiiij .gj/ ;7/4r;JVjbsUa*.aofc^f

r=F(Z.g,a).

of U-i>-j JjLJI J j^j



^Vf

i_^ of Lip ^'y (»f a ^>c Li?- iiiu^ T Ja : w>^Ij ji*:j ,_yi^i Ji J-Jl . L;L^y

li[ !>\i*i . S^^ a cJlS' lil a (j* iiSi_vo c J 7" of air' "^ ^*i>^^' (*^^>* ^

cJlS' lil j^^j .
°^ . *L«^ cJlS'jJ Lf Jif Oj^, tiJJ-^' "^^J iJ^ ""^ * JjxJl i*-- cJlS'

'ojj-jSLi \^^jiju_ oLjJj If^U 5^,J<-^ a cJl5 ii[ :>*-'^' Ic-r^ J^ JiL«j o!>LoLp f-jL>«JIj

(j--j*Xo jM j^^_j '-^=^ (r*r J'ilj^Jli ft ^j^ 1^1 ^' ' lv"-><-,* T^ (J ^rJcJI ?t..<^^ »-^~r

t gj /
j_y)i

AsU^'yij a ^^^ ii_ij-l J JUJjJ T of ^ ^-^K I Juk j» ^yaiii'C^ liU : T' J

<> oU <> J i»J J^5f ^j SJ^Jw a cJl5 lil . Sj,Jw cJl5 lit a JLo^l j^, 4jf ^ll

iliUil (J^^^Jaj sin <^ ol "-i-c?- . <f> (^_^ (J iL~L~laj-i^ cs^ji '-'AJ • *JJj^^ e^rJtvtf

iJ^I ..^ (tt)



^** pLJI Jl^loi^ljiJUUJloNjUll

<LiUU 5j2_i-^ <^ CJIS^ lil . oLi:.i_pU cu^ lil
<^ |»J ^^y^ ^^l Jji>cj i]jJJ^\ IJLa

^y_ JLJI Jlillj ^ijJl J IjyS SjL^ oj-b <^ (^y j^ Uj Uj dJliJl oJ-l JU^I ^;^_

oil t 180° = 17 rad of l^^ (p = 10° Jb^ . IIa

10° = -^ = 0.1745 . . . radians,
lo

Oil

Sin 10- - 0.1745 ...- <^i21:ill + iEZflll)! _
6 120

- 0.1745 ... - 0.00088 . . . + 0.0000013 ......

. o^rJw <> cJlS' \i[ sin <^ ss <^ jl 5>tUi«J

^'ii Oi-^J-^ '^JJ ^y -^^ cJj-- . ,_j--Jli» k_jjJL-L i>.-rJI ,_j»iJ cu^iJ o'yi U^i

sin<,. :8:0 . OB
1 1

oil

2sin<> = B'O + OB * BE.

oU oIj:>I^L; <> of l<j

2^ X 1 - B'B.



pi^\ j i-viLJI J>)l ye^

jU ojJl^ <^ cJLS' li| jj53

Oil

2 sin <> !% 2</>,

sin <t>i^<t>-

iljUil 0^ OjJl^ </) CJLS' li| <01 5«eXXl^

(TO)
d^</. _ g

^;;53j DaiLl ^_^ IJla ^__, jf j,V . U,...\\^%^ (Ye) il^UiL (YY) JlA^I jj



^*^ C>JIJL^Iai^l_,ijUUJloMjUll

jjSJj . ijjs^[j_ iJa~-Al iJiUil Is- 4jjLi« ^ (Ji>cJJ iSj^ (^^' ?LlaiL| IJL* j|ji« U

"-^

II* ^j
du d_, . A( ^\ . ^

(fo) ;JjUil ^zy^j

(rv) f =
-f-'>-

du _ ( [ d<j

dt ~ dt
'

(
)'

^j^ ^cr"'^'^'
'^ d<l> j\ I. dt I. doi Cy ^^

dw _ d^ dw
dt dt d<>

-i^ (vn) JlfXu-L

dw
_
dw

dt "" " d<>



(TV) ^j

du g

2" = -7-2'^ '^•

Jl j^j (//) i.^1 jJa:



Yo^

(i')

pLJI J l^loi^



(1)1 <-iji>^ <1^\ bcJaj

/dx . , .—
,

= arc sin(x) + c.

T'y^ {i') iijljlil

d\S

arc sin of — = A
a

Oli

— = sine o/A
a



(i^) </» = a-sin|y^.t + c'j.

. f= UJUJ^ 4, = 0(1) J\jC.y\ JsyUl Jo.*!^ o'Vlj JjjJ-l

= a -5111(0+ c']

c' =

Oil

(iY)
</) = asinjy-^ -A.

<^ OjjiijJ^ \J>J^j

a = asinJY|^A



pjjjl j X~i>\,}\ J_;k)l

= sinjVf*}.

rir

oi!

^ ^ = aJ^ ^\ V^l t ^ ^'^\

-
. 2,r + -

. 4^ + -

iJM • 7r/2 (^' "^ J^l

(tr) ^=2^Vf ^' Vfi^=f'

. 4ja........U UJLwo J>^jA I J-*J

(fo) iJUi-LiJI iliUil
Jj^

jt/Jb"

<t>.

<» asmj-yy U.

(tr)JJ-i^



. SjowiJi ijJb jJi ;jiU»j (Vo) iJiUii cjyj I ii>j . (Vo) ;jjL»tJiJ • y?^ 4_jLjj_^i

!>Ui bL.U lil . ij^ ^^-^ JjJ_UJ tijjjJl j^jJl ^1 :-^ ^^^,c:> i o-^ 5J.j-lj

;.jjw» ol
. JjVl ^j iJ^' ^J^j^>^ Vy l^W-! ti-J^ -5-^^ ti-^i y^\ of Ji^">L^

jj_J-
. AjiUaJI ojj-^ Lf«A>,a»J oV IjiU- jCju aLp J-Swj iJu^LiJl oVjL*!! J^

^5^1 jljiAl Uif ^jOJ U^ cj::^!! JjXJJ bi-lji J . ^>Vl ^JIjiAVly.l>Jl ^J^^

. Uif SjAax^ oVl^^c^l ti>-Vl iJui-liiJI oVjUJl!
Jj!>

. ;:y I

(^A) u^uji ;JjUii ofM (iiisc^vi

dt^ '^ dt

^1ai;Vl i^L



it it^ •

4JL.U

AiJu oLJ-I ^tU^^^SOl Jia JJj
f'-'-^j

' jUaia jj^ rt-—^ i>ji-J ,_yjjAi jj_jli iju iJ'A-xJl

Jic- L<a>sJ_j oLLoJI -.>SsjiJ i_ij^ t X^j^ ijj.^ ijiVfl\ jj m

d^ I, dx

du t'

(MA) "*dJ-
="»g-Ki;.



Xno

^r-^. c/^^l jUI 1^ .1^1 ^ ^-Ul iJlSi^Vl (.jLi JaiUl i^^l .jLJl jL^

(Yr-<»)j^

1

/
SyljJl ^Li«

ijUaJl

A j^ ^_ "~" j^^b ' Jj-^ J JyUkJl oJla |UiJ oVi . di/dt

ti-sl «



?lLj9^ lili Ijj-^ L cu^f ?JbVl Jl L^.^ <:Sj>^_ Jii:4 aI*^

^y,a^j ( > A) <i:\A\ j ^yi, t L. A^ Jl iJ^I yUiJl oIa |_yU Uj-.<a;:- Jj<j

if ^E-Ki.
dt

>

( > A) iJjL*il ^^ JbJbLl j^jJI li^ . tL^r«^l v^



: JUI^P^I ^ d5LSi;^Vl ^>l I,_^2UJ L:;^lji ^'b^^^iiJ jl ^k: ;

(MA)

(^^•)



^>0I J 4_^UJI J>)l ^"^^

ru) ^f-^-"

t= LoJl^ i=

of ^:;5U. t^iJl *^l .LjiJL>^L:JUIiJj^U.^x=0 : ii*-^ Ui^:^ iiU*

^^f^ ^j .^ ^1^1 ^^^;>^ J^UI 4-JJI Ja : cU.1 JI>JI Ji-^ ot c>

^ ji::
C^^ r . ) iJiUil . ^Vl ^1 ^ i^.^l cS^^l^ V'j-^' >-^ ck^ cT-^f

.

("" U) J^ l;^is iJJj i|^l

LJ«: (
">

• ) O^J Sj^ (r/L)f cJl5 lit . J^,j^\

Ei« — ,

r

JL-»">V; (_$jJ i-ij^^l (Ohm) *jt jjJliyi iJLft . i_jL^ 4_Pj-- k_—:5^jLdl jl ^^1

. Liil l-4_..t'j ( ""M A) iJjL«il j;^_ Jb^ JJj lift .
^jl-ill



SSij l^_ji o^jUi SOi^ olj;^- *Uai.l J .L^l jjj J_^ ju^l *Lkpl .>-..:

. ^1 so*. lUScIj ;JUi JiUj U^LiJl o^jUil . ai.Vl ili ^j cjpi j-^ ,_ ^
.

Jbi (^ _ i_o)

i-ULiJI iJjUil J:>J of Lip

dx y

. (£ £) ;JjUil l^^ jjl i^xil ii^l

fj:,yj ;iaxJl Xp ^_^I ^^I J^ o1J>- (U) iiiUil . L,:^^ jl^ of VjJ^

oil .
(x,y) ^kxJlj J^Vl iJai Oii J^l^l ^,^a-:..J.I J^ Jiiy/AT ;^l . -A;/y ^_,Lw

tif Xp ^^1 IIA ^g.1 : (ii) iii[A\ j.^^ Jj> <^^ 2JJ^\ l^jj>\ ^ JAl.

?SLk»il oUl^iL oL;;.J.I <JyC Ja . iliJl »^ JU^ <u—J »JaXvJ



(.>JI J S^LJI J>)l
XV-

(Yt-o) JSLi

(Yo.o) JS-i

(Sji^ij iks; »i:ii-.u a»aj J^ xp ^Icii "Wii >~' s-^^')



t>^ Ji^' t>* J>^' ([^"^ .iiii(ii)i!iUil ,_^:a^^^. (Yo-o) J-SLUI

.?(ii);]iUil ji^^JJl ^^1 J o"Vl .iU dLjJ Ja .(ii);]^UiL

ydy = -xdx

•2 .2— = — — +r
2 2

^^'

Jj- Jwa^ UU C = r*/2 5j^l J J^li^t Ooli \:^ I il

J 5j5^l ^'Ij^l^^ (it) U^UJi i!j,Ui| . ^_^_^ tijU^I OoL' r d_^

^Uli ^^;>^ (Ya-a) Ji^l Ja ?j^^^

(Vector Fields) ol^^^dl oUUoJ (Y - i - o)



jjcj V oLL ^L-j ^JJI ^1 . cJ^I ^ j^_ I lil (Steady) c-jli jLdI jl J_^

.jLdI jLwo J^^xS Jijij V^ tSJjkLllI i}^\

oU aS'^^I jV C-ijJl ^ ^^itj *^J^' Ai-j^ . iiaiJi
J-«j^ UX^ )«_jQl

Jy>
j;;-<w9 «•_)>-

jLJI ^^ iUL^Jl iiydl . [(Y-Y) tjJr' (*^b] 'H^j^ 4_«-ii>wa i-xJai 1 gL^c j^^^^

. iiaii IS' jlp tjL^l A£-j^ t4j»tdl IJLa ijjj«^ v_JLk:j

jl t ikiJl It-yy ly J_^ -^ Oj^tlll . oL^lj i«-i <J Lj»» LfsOo Alo ikij JS X^ t;,^xJ

. iiaiJi oJLa /yo iiUaU

. tUj^l f-J^ ^-iilii /^ oJjJLP ilioL; is-^y jl LJLp t <UJ>- ^y^\ I J-* J^ ^^^

j^^5^^j . liA )i^_cu bjj^ ^j . ilioVl Ia ja j^_i53l Jj->-_^ viUij J-f-. II*

. coiiii ^>]i jUi j^ uii. j^i j^iJi

|V~-J:-I It-j^ .(Streamline) i_jL_jVl ias^ ^JL. c~;li!l jLdI J jowaJl tjJ^I jl_^

^Lr (v;™Jr' jL-~« jf ^L_JVI ia?^ t jii . iiaiJi dilJ Xp 4^1 (^jL-J i-»-* ^^=^ J^'

JUJ.1 is^ isUJ j^ ikij JS Xs- ^\j: ^Js>Cj>y^ i_jL~JVl ia^^ . 4 Ua'. l l J_Xc- 4_j>>:uJJ

oL;^iii?UL;i(Y«-«) Ji^i^i .(Y-v-d)J-5:LiJi^l .
UaiJi dlL- ^^^ 2:-^^'

.ojS'j^.JU^Ijiys i_jL_J*yi is^ii>- jU tOLfsw. JL^ <ul ^_yU



Yvr
p\j.}\ j Lj^loi^lj U^UJI oNjUII

(n-o)JiLi

jjyi «^ ^,JCj V i_jL_JVI i>jlx>-j i-P-j-^\ oL^Jjtlo JLf O^ t Ljlj jLJl jl^ li|

jJ ^i ^j . jJJ i^l ]^'% V Uls l^L_Jl is^j ol4>J.I JU Jl lj_^ lil . ^j}\

o^iil jjy ^ ;]aiJl cT^



(Direction fields) cU')i\ ol^Uai (Y - i . e)

;^jjdl ^ iJU^UJI iii\A\ Js. J-,^2^
bjLs (Ui-O) ^ (it) Jlili l:;^^.*^ lil

(io) ^ =/(x.!/).

jf LJlp . fx,^) ^JaiJl JCLp/fx.yj t^jLwj Jll ( JL>J.I <^.».>J t^j.j:~ll jj>3 ^2;w« tj:^ J»

J_^ i_j^l JJ.I aJ ^JJI (;>>^ J^jf ui-*^ ;>>«^ i ;>>«^ lib t>*«^ cS^ J--'^^

.C-;liJl ;5^1jLdJ>l ^^Vi ^Ja-Jl^l JUyjX jiJLoUdl

dJLL- jc^ JSLJI ;s> oUil jb^ _ JUJ.I j^ ;Lii: J5 jc^ oUil iiU ?oLk«ll ^ b.



[^\ J^(lo) ijj^\ y> J,J^\ l^jj]\ ^ UviUJl 4JjL«il J[j-!^\ Cj^. oil

t

j_5l JL>-jj V . iLi^ ^;Ai^ Ijj-^j ic-j—j ( i o) iJUiiLidI iJjLicoJJ |_jSLjj_~iJI U^r'—wsj

iLg—i: ikiJi Xp(x,yj ikiJLjlil v_jL_J*^I ia^/(x,yj JJ.I ^JojCI (lo) iJjUil Jb'j;^

Jj^^l)) : ^^-jJiS'l^n-f- L^j^' °/° J.^.^.:i~J of La L.SC»j) . jJajiil <»JL»j iajl-l ^JL* ijcSi^\

^jjA\ !hji]\ jf. ^^^>c:, Ux^ oil . (((«L_i: jj^l j^ Ji— I j_jJl ji^lj j_^f
j_^l
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