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ar? 5fnT ,l1' II]I+ r'-:-r! .ff,c er's. a-n 5;lj 1e fi rr< !4 )rei1an

<"t:rT{ fieri*1f6fi{lEi( <.q fugi qF15 nr {+(ei cT!l(!ll qri.l
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>]r1sl saiq f<i !]r (ti 1?r: fto); f{E cl c{Tn€ :i'{arlfi ftg.q< .{{m
€ 'e="t"flrEli {f ir. a'ilq f"ieiritrri{{ qrlisR {aal R{F {(. Tr{i
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lri{ '3 a1'n3nral lq <l-ri qafi -n l.'r<fuco ,!1ti.s Eq ra-:rcq

fl?m,uftllqii l:ie'<! qfi$F $1-T{ fii: oit +r. rur:ercr<
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iJor< +z< orF r

Fiam'tii{Ftr< iT <g ,r1<a"lIi :t{i si }trf li(ii Erd1mrn , ())
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qscstrri Ei Erw< ilr l(3 q4&- qr3fts qifif- Fqrt< TJ<45 {rl
rrrrtP iEfrrq< rqF{ e{4q 6s$arrl ll-.oc qrer t,r< ef-fuE Jr<

r$Fe (aF€ r}?fu aft -.r5fl5 qfl E1l, -i{r4 -{ {s+$r4l 4:rErlqll

@o raa liz;r i?.'- sr-rfnfu 'Jzn 
qa c{Cg 1ai -F l 'r-e-ar< E?{'t:i

ilq. .iFi? f.\:sfta a{t<rrr-fr € ?Tln qi.ni&Aa tiirFifu e"r;.I
+I<{En qcr4l iirE fiar'rr (Fr! a{.r B"]lqft, ,.i€ 'JlFft <IeIrTr ite! c
rr"na i-,!'fu6e< Erftft ar-o4ii{



E0F6ri e6riTnr' i {{-{qeu4T asin qcn rqIl'k ifuIfi s,{,Te
ai pl 1\rE qi : 3A{ ,tco cairo Eoo {]zEi:raq sl4iir{ .t1i.,r.r-6< {rrE
Td J.{T slTm f,4?' L!o1e {1--Gri{ ,!tI{ 1Ts <i?Ft "neT 1ifiEq
qrzETq1fulll a1f+ (<.{rn q'Etzq]n t-I{i "i3 rl lZ<fi <irrr= rnr

-,it{E T<I4 1zg nri -.< 6.r]IT.tFt q'Kii s]Iiln -fl {arF<i -.9]i {.<l
i-1rit a{1i <riEE 'rillr.l .,fiTl Et€{ q< itrrFr i-ciq-trq ))to
:t-.ur. :rt-,ar"- , \ n. I j< rr-.r.-.a \l.r .J-ra. tiri-a q.zi
q<fi rp,fo --,ffi* erm {< q,atq srnn .i<t3 ..{l<e irllia"nt qtFn
q{<]n qfi etr qi !-r]:{ {Jis Eit )sEt jli]I' |-efui 6,.,1a qa*a4
TIE r1"l-', lsari II$ 4lfii qqn qt l&"J E rft.;ft qm tsq
'qf.mtl fq< f+< 6s dror i,- ?Efralri qfi i''I<fu €i{<tE Il )a1.
-ft6trqr s",1iq rlgFnr< rr-.ti q{ <qa{i <lq6 .}rq })iai qre 1r-i {,,
T,i1fi€ Eil; oi qtTor.]i- hri/ l$l (1 efi i,,riq qaftE< 

'R cqf+
)-\'o mq 'Ffu ?i&rE< rnriift< <?r--r< cq.F +Ef,- {GrIE. -T< {r,
tillri! u$4q {il{r plsl , { a6ln€ <-cri =-.e ct< c.Frr El a',

iEfflgm qadF r;Ir 'F5llu< Effr:l' {f{ ofirEe -A r.ri Fitd .sA g{
{Eql r!rf(1. qnnft n+t rl:=orr<rq,< <e-q+rri€ rrir.F {w ,!ij EE ofl
ls ]rvrit< q]-fl:rf,q< itre 6a iBB-s, i;r< 641F i!rr< qtft+r e rjicg<
r..,i.rx=Idi,f,,Tr".r= c-,i--,a 6'T11- =i:f! F= - ...re -.
ffi fi oumi iths -'n, q livr ft-c .{l

qticTiq .!< lfi{ir idri5 <{(s qt:r<t fiiTn l,J "i-io sra tgfi
sln qt<]< El8id €t(I flr< qc:r {r. Frei6< ql{n tii ,,rr+

fffir<l c'iT(q{ 3"F .",-fi- 1E .r tiqrv< Finl] snr- Eqa. qe.rj
ailn flffiui1ii{n T(,tA {.,tr qlorEfl "]{ii] i iia<rr {.a q]i.o
("ra iiaqn. 81tr t,tFro,{iEl s{5.{ll q,?rerl{+ 1+9 iT arl e$ti Ta,ri
lfi'i] T- {s cj rira 'll<nq' er fr.f.r: fis'trqrl srFrl f'tmaE ct $S
1i EIEr[ft+ e8o irr.]. r]1n- q*ifi-+ s.rs (,\,isl,,r.r 6fi- fu+a. r!
illr qfl.+l {ia€i< c<v < 4 1i {l"i<ri aDA flF jI[< nrll ivEst .

(Eudoxusl ,!< nln firrTe]r< 6aE?,t{lelt

t{6lQFq , I:mirtrdq iiBTi lq\e orq E€. qfu.* 6,.64ir<+
cex mikn (c),.e,r.) .,rar. 6{qEq rrin qfin Ifi 4i.JE {.r.o1iE
, Cffi ftr.< :a . "-1F2'6\.i1, 

, -rF 1< . ... ., -- ',-13' 1-1

r4 fra1 ['[Ei. adnc a+ri$ (.tr,z+< {.9 {?iin lfrfi ]€.r,..-. 
ji'Tr-rs adftnn

lsrrdlon) fu+ 1-IJT{tre- {-fa- F.l llsir< {rftr: fu6 [i.i n1<k qil qF]rio
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c*furrrr EEq{ E{. qC< qFT lll{, L!$ eITtR dliTr <itlTn qt(4< err
Flrlirfi flrq c< (..,2r fi{< 6{c{ dit+i qtri ,irglI{ ft.1 ilqR {ie
)b)o c]I4 {ts3r6< .q-.rr-ri (rrryftrrrl ]fiii< ct:r-d fi.f{ F(<Ef,fi vsqE
ffiirit< I .1< (qr-s ftI]< q{F 

"lja?R "ifrfi fl€lr {E t8iroc {]tE
qE(] fi"lrs ,r"i, $$"lli qrgrt(-n <{< qt'E qti gc6-d foi rfffiq
E"= oc< .hF,mFiror, {rr?r "rfti lc" qtel< djtT <l ta {qT< {i{ |

arrr lri ccl qefia ac,ts s"A ffi f-{r< q{ r",2. qi li<{.t qi ,

$6 Ti yAn .rErft- "fft Tfied etGa E sr1E{€ fu'{rn efre
cri fmijq <q Hir< ,ilri, {B s1t6E 'tfl-s ara rs.r,oot ot
\l .1. . Jri. ./ rfE+ F-in' . . Br 'TTla .s ..!@ ..\^IU jTTlITr()T<
q$ T{ ffi]fifi-{ (Emrosrhcncs) fuen qIrEsGrfuT aFE}< qrrrF
a+zT i;ia$ (p) riE; ar<q. f;fi End< x< .ilifTci qrqqflot q€ir ffirn,!.
a.F€ {FEro€ r6m a; qf!+l< c+c" qrrrlF ! qn{<.i lt<l q<.fi
ia- qrm-sTa< 

",ftfi 6a rcr& ,!l t{rdrflFql .JflAi qffq fa4n ar{
ta,ooo nliE c,ffr.qaEn si 1iI]I< eE -to6fl 5rrir6<€ Fr q{.U Cc

T(r 9n ("lr$ r+fr 91 er:e va q, c{'1 qq$n iEt<{fi+< r{g'l l?il'<
tr< rsTE 36E Eii fiqra dri ffi a{.i TgITr <p-r{ I1ffi i-i (sol)

1.r< =<r{=< .t. r r.. .qr6 #* fa.* rr?. <FF. cF. FTa 
"Iaqi. {i c.ra cqrl iiL.l tsril v,<< fir;r.ns< Fr+ffi z- "nr$ {i 1ft<.,r'd

T{iiao <lqEl '@rfu .!<i i(I<rGr= 565116. 11li' qs) Tfl q{ lt e< qrr
, fu-t1r? ffi- rr1. .)).J r9tria./. T- *er "r+ 4 r1r.:;6-
En qftrl I <l({m q'ez4trs nli T,,[FC{ {€{s]& e ?r:iBFit v.(1fqafi
€"i Ti .,lt-fl ft9.5 rfi<"x <t kS{Cnrn qFfr 1tq 1e. clsl {fl alr
hiF{s q< Bsa re qfuq oE rirv rc+t fual E< qnsi lE qf*E
6{ai. melEl a{< TE 3<, -r< q1fu"k6 {+3s1 fwr er Solsricc or
llrfic ofCapricorn) ql< ffi {ffi (Sur ner Sotsrice or tiopjc of

54r,A'{r/ Coan-a - 54 t- . 4 tta "n,<a C<.a n .,.'= ,11 ,eJfa;r 5.f,C e

c.IiEei. d+t @fuao ftn<< nft{i (stene) n'[< Eii r+m { #+
!i!rK e{< qrl TF rtig-et1< ,lq T]f< c+rae Erir "irg -il ffi Frc
ftirrarr 0 ?Fr< acirr-+i Irfi lisi EFI Fri cqtdn cr eF E4t< fu<
a;;;;.,fej@=;rn
su$r,ci Solsri.e=-6 r:crii
\\inl.r SolJl..=nfr i!G6
Lq u rr(rfa{< .<.r.=fi.'r<-
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,nF .etT {Gi< 1i{q na4 efft <r for< =r]IJ]. 
q< 1fi- ifi Afi

F\3Tlr4i a{li€ E]lI]*]'g r'ii { , ftiF fii TlaE'+s- e1r3166fu-x:r TisLa
.a-.r Czf.a" zfr< a.f..6 T1. E! cL{ IIn 'a-. .--.,a$r <tr<Ie- r_C{n

srri:+rrqtfu-lr.i fr< Efqq a<r qiFoqitariil rrft< Etr€ fic io<-oifu(q

't(9 q< C?lrs ffi 1i6lts r<rer, itsa.< E"fl-?Ffi. ql-d6rfurrr Ern
<'Ift, 1tift< ccg o'F T,ir lat affi< nfrz sal l:foan q<EE

liris ffi qt<.r 6Frsn qraiF-srfuT ,,Jar tl*rl-B !<q o.ooo dE{i
o "fEa.I Tiq ..1 ., a+ .h c*f,<: 'Ea.< -. ..?- b! n,. 6r,
t'rerar BE<-E1+(fi 1ffir tr"i{ -{a{d ql a4a9< "j'nr-'eq q!il< ,iD-l

{Gir< {rt{ (i 6(q itcri (i't). smrqfulr t=-r. icqr{r -$]ft (il q)
q1q-rcT.fuT3 <fr 1vt or. ?riir Tin (ql q) c si,:?Ft

fi1fl :tlrp , Flf,.erql E i- sdts 
". 

ccq< (aI- .fu! Tfctl& d,rG q',-r'.

qr Ti Tqr< q<f.iE ax.r:I -l< <Ftr'5r.fl iatsi, l{]s iia-:r,{n .;lffi >l(q

mrs< srr+r JiT!:li <f q< E1It-elrsn fus. Fm sl q 4t fu9r63 Fl
rstrl? s crif! (ot.t (i 9 qi) 'R-n< T{ta 4 r+lqfr ara'l r.1l ('5
rf"_rs.aa" 7'r,- 1,.?.4a -1'< .<r5: !" ..rs,7zrt"fa
3'aru aqcun itcrl c+m .q'n66fuTF EJqs t'r.iia dijlr .?rri -tl,l<



qT st'l q.o,!<. {Aa< Ee< EI+Ifi "fi1ir .ly--rt {]iGR lqe]neq <t

tc,ooo !]?d 16co arft c ii st (tr). BrtEl< ril qfii.m 4fiE T1<

a'-rJta {rrE I

imt'tiqzs< gFllfa <mr +r< (']IF. ii]zn3 n1s a?tr+ q1--an qt:q-<l qt<

ro q? eir< +a hce-a a+< jrr< .!qqn {aEn .lr"flrqfr{tr (Arolonius)
-i3 4{s.n n'rnA qftililb rA,cher)redcs)

qf irqFTlq ' q("l]7"qlf{fl{ iBbl.6j Elcnr.fr( {F{]l qE ??3,.{ aEi
n(< (141 -]{aT Entsiq F,JI{ nr< ofurc fiam .?lT lir.tr ijq 6Fr
r":i qrr ei1 <Qo ffi l;r qtrrFfl,lw]3 G .!1E ?iks FtH firEn.
ri T.aI ffi q<l]la rl,iErqn r.n elr ?Wi.-sr Fi-E q{qrq a13 ffi
?fun Gr.r.F' Tfi6 flotrq {.. 1og qrnt &a. rl fl}r {.qrtt.z< lvqrtr<
e3:t-t +<o< F-rq GTa,J :In iil<q !i ffi nr< nfurE -rjnl. i-r qri
e'.,,fir{ tiU1:rfs(- aBfur6. c.r .,tf<qq ftq.r qF q[E. FFrn rT4-rn ii]r,:r
, ,"-=r-!q-Cr< .r- m : , ,E? .D-2 ,.f,' $tt <r.a.- Er< a L^ L3-tu
'fii eao ntr< ftcs) fl{rrl4{ln iFkF q6qd 

"f4fu+ n ft::: erdr
or<fiaqa. ,=r< rru{ er.-rq-i{trr eg"ft- i'fi+ Uqor; liTrF n:n eqla
!r- ;?i, li{ fl i;Tr qi . f- .r1<A s?rT.i -rorir zmq ,E 6{ ffi
r1?€ >r'.1.1 <6- <6. ,ez< :s.rc 3-tsnq Tflf"r 'rfq-1rcfiq aE6]iu<
a3fuiE (lo ordin e Ccorlrcrt . 'qT Grlifuk +si,li4ai-r {R]1{ str+
a7.:!-1ill1qtzr3 (EBr qa;r+ 

'RE tci "tgcp. E{ rr"uzi"fi{rl "]l]trar4l.

- 
- aa..-<-ne< ,, ,r"!, :i6- ;qgfufn __:racr ,1q.,: {q?li

rlrrln. T{r crll.< i"r-.<i rcFttii fill q3irno- <r[s .r<" 
"JrF 6E Er<,,

rtsiiT lrn' ?. (Sotrd figur.) !r<i ETI (E[+ (q"J]rr- {rE
qftfi&{ : -!4n qr'na e:B;]Tlrn<. c:]lfu o'I<l atra )r(s- TiFtI4<

Crt ,rliqt63 +?]] {{< yl(]ntr1<< irFrfi az1 fir]ffi -']1! r.E "Rn
r -ln,e qtp 316 T{ Tt-l-: -r"@ Tlip l;?[T laraoi ,!F !rl]F a1E Ttii
q,F {Cj; .elTr4 $6ni ri,r fta otriiftfufi< o{ l{ rir< fq.ete
rrsi 6fi-i<ri c .snf\iin- Ea.r{ ffi qi<rii;aox qar+ir Em:r
(lrie,o)-< qliil-lr ,kfi ,n4rrSrn offiii-q 1iTn I']II qr++glfum
n-'qit'i IC{ iitTt-rs 6a{a C!"nri il-ii:i ittss q6-i-.a qlrn"]nl
.;<re{ i"riFl (-lr q[] qf5fu qi<ifttaT fi(n {r, 5.fi-i]] Err-et< nrr?l
rfto. "j.,ndfrry .!Ti ri-!- ,fe:tx EFstsr< qse nFqgt< ,i4 6{Frn
TEFiF rT$ iT< "ia< 

q tTa.fl {aaai {t{j ,1trc,?Errn< Cr.3 -n*< ,o]n€
BEnt Tl,Jr oglfu trfi rl€L-l -riofrlF qtqoRra Frii, -l< q-.i 6Tfi1fu
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r--fr nil-r+ ftlF l+{,i) 4r4rr-ri {:'l.-
r!r?.i?s .F rnlr f?r ..r-1 E-6ir T<t' ,1

qn ?i (\iLLU..) 6r!- 1i -n -i
{4{iii'Jl-) rarq? ?1 <E ldrn r!
n-r-irF( iedn l{ !ll. -r! T. ='.rq
r.lffi4 -3 lchF (n") (i nE _r7F9

d: Jl.E +!. ,!r rrF i!1 s .-r€'$

tqil€ q- l
.flrsftT qsi (EnqrlrR iEE4

,Eq !'{(r, !fi 'l €! 4n s 6'l_ci
rE! -.r 6.r {i rq6 l1< q€rrji
s{e (Eh n 1clei4 (Elllt$) i

.iir4frc. qrs ,!?! (grPlcr.< 'nEE .qF

d.F. rF i (!q <G- r$lr5ft- q<li 'r'
fur.o rF 6.n, -c Tdl trra 6'q t"'ri
n r q! .ErEr +n sTE"m3e ret
(Hyrrdbola), E@ q"rJ [dl qf"_e"]"r1Ei

{.6r .nq ,

I r<la€ .Ec

@"r.ft? sn! d?l .E<!i,5ri< fiEE rE!
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d€]Trri TI{ q{i$ 1,'q--1?qr{ qI{E alr E-dii< {afio et r IE<i.qtrfifu if.lqlBm ft q{qtr cflI]I&Iir, q< th sratT c<r"t l']Irrfuqd.
E]i 94{ <'irE !;I(rF ,Irr€ri +i!rt 'lFM?{ic TirtE€ qgli+ tir {

ffi+ ftIll< qr6fqlu{ ERq firc,ft Eq fte];] (r.rydrosratics) ,ns
yr4aEl; ffi r-e,Ts (LcveD,qi fr'{.! qli$R TLTi. "llfr 4l-t TI< E'l.n
aer{t< {d qi( ql<€ q(T+ €jp;< {t<qf?-s {i-ad!! qrftfi< +Lqn T-lite
q]Iq, Llory{ Iri<lfoBlq< 

"Mr 
ft.Cr furc{l (Hied < s$?tiT f?q

ERftffi (lts E]-{1{ {a{ f't.{Eq ffi vffifu5p aq ,!nil lifu firc
sr{(Ti( Trs{ I q6ftfuc q*li{.r (Ffr Ts fi:flq er { I 1i 1t c"n+ e+it
Est 4FEi Ta{j Fr{ c:nm q-c,i< vot c+or+ rq]"iT u"in iFri. i.dtsr< iiCE<

1rr 4Io T13 'flfu T.ll qfu(T a<r1 qTd Er\,=d ftc{ g'i $m r+< E'ri
11 1in tfi ({< ari a!3]3 <t<A 4\rF]1:I firfi qffifur ffi {€
qlrls<I.ii ql,] Es-{g il.ycr). Es-5@ (Cor-wheel) ,!n( Tltss (purley)-<
aF"fi er<6d +LTr I ffi ct{< Eqm u(qj B€adt Etgl (atr$ ,!ait sl.lq
"l1foE nfiIBrfuT{ emi qnq, ffi Fa-rr.<rra <r4fuq{. qarr$ 1AAli
<rt-< riM<t< €$f 1lr Elc. q]3 fir ,!tii ste (qe) ns. ET{aE qtli
la,ilas Ta'IrE qirE nrr< ,itwr+ ABrii T(aa[d : (T?r Ea{ fia-Ti;<i
ftTllrll? Ecq qffiT(o T{6nd. \51'Et, sl'aI4 TE r< fir< c+n.: gs
',ql T€ aEirr (q{t'. fiil ' e-3! qf+1iG.{ ftr:n<n qc-{a{ rf+E
co"rFt ftn ql€.{s{]st q,Ffili qEM fi1im {4I.I{. .{tEI, ,!? EiEt631{l
asl {q a4rs <1 rji${ ("Ird qIl a{a1tq @rE qre {q clrrE qa c{s.
qt< <p f4s Eqf, q1I ,! q]{5 {F-< Bfi ffi 5]qt< r, tra-TGr< {gal
"rl r* q r qffifriq q*q< fi{ Gra:Is,eFl $i.Fq (compound pul
.. "'13 .rrn Il? <r= <!".ae< * cR ;*.,,6-'t-. -IE Frt
opmqfic ?tr< itr< fia,th Erre EF o{4, {an ?F. r.rn Ei TA a r{6<
Efi ftil{i E{I,

qliliEc F-nrd ,. ir6i ,r"tdtat <r{a]tr G.El,| cltrrux (etsi
fF,qrrg <l furt) Us]{n TLTa fu1i at{rfduri rEe-:rz4< Fer< Gsn
lqa{ <lli $ia"ti l?s BEF; rl_Td. qi c,;,slmili ,tin a{E]l dti€ll41
..(.-<+: -i- F- .lrTJi 1'.- t*? .n<< < a-{?- <FC{. . :Id rq: r e.-r-.
ag. qr<r< dicl (ns'it€ (!- qtt{lf+iq TiIT< ,r€{TL-Et $trE a{ti,g
-lF , T{s qqlEl ql ffil "I{T vft .,,Tet <t glgl rtll {et1l €i{q .T.a
A{i # cilrnq< En. q5e qt.iliE rFr. {<- .ff6ftfitr{< Airr<
[.rTs[,] cnErr<t L!-{< fiffi qrfdftfu{ ,!ir{i ilen Frcr h{< srsi fl6cr
Ga<. qi'64-:I {EE aa{ aqll]n n-<-



qffir 1ir5 l€g (Tn rrs,llfiit< FI1r ?TsTfti e<".: fiiuoa qr ffi
<qcea. eea{T o el Ellili< ,rlql !!16 <({rqn , ! {< TEI d.r{< F;rr-

oT3 qafrk+ 3Ti-< e*iqr EEm "tgEq fiQf6i.. .J ffi q {n ft{I{
(+-tis tq+ i-.1 GI"l TlqrT3 Telt T"li's ETIT{F

qffi,Gr qts AFi- {i-rls fr5.t ffi (rtJ|< ffi 's 'tfi.ote<
qngtrl qr6rsr. il<l {,{<,rciol q,,rl< 4trs FiiE]]da aFlR (<l
ae,4.45jt.f1,. {?l'< {! e< q Or .f.<r!.

qtqal.i E6 fii]T{mi Trri qEi EIrn, ,ITTiE <m firr<r wlrarrr
(6ft inrri< anq]a i;Er o<ro o<.g qffic erd "Fitz?t< G?Firl,t r{ari
qTB {4 ffi4 r!r- q1i$,r a'a{d {91 (Fi {{; ?eTr< 6{<l< c-ij
.!.6]3IT trfA -rfiTrq ffi"_ FiI{tst-an {-{D Hl a<r< '3 <Ts1li {a+l {n
q< {[r 1iE fl'fl .sr liFftn (E{ii?

-!?FErr cflITn qti li&1-rnn (vinulius) 1i"a"t{n : 'rflTTi i{<r3 1Qs
:r<< :tzlrr sn'n: '3r d-AZ : .,tr , vz .,rT{at /--- {qi -.7- ..a.

gt<.e eT{rE {Aq qftiifufl< (",q1-4 a4 lakfi E .{'l Et$l ,{l! {.lF. qiis
cql ,{n G3 FII fi]11lr9 3< rr,r+ ril< {c1"1] qlia4l e+1 'F1t!fu
t65]I,]3 F?x , r+n'e Tftn 1qd (Trn,3 r-14 "{ 

.T-qa :r(!l Eftcrr atlta
i fiftqk T{ s]TEr mji G"rI, ts, qR l;r? .]:H ql eEin. v-{s m sTle

"rfi<6 .ii ffilrq Etfi5r"r '<l d{ .il{ I?-*ii '.s 
dfip'ftfcrr< {.{ 1"1

!T/i" liehEr lrEq FjI]T< ruqr afuil -t? ccl 'drE ffi -s5r.ils R<

aqro &, qrl{tfuErr< <IF i?i ftI{ ffi{n (tr&. T{t{F ,"rrnE'
(lu.{rr I lA-T{]t {< q{F 4<re fic-qr<r< aeerEq E"ift-o q(l] \;nr
1q< fire ('icqq 'r3rn r.] +t'ip .di. q (,,Erq "j-ie 

jr< s{tr -y.fuk cirA
ft F]Ihls. nfuqrq cq {{(6 ik<, Fne ci ir"Tr rli d{{ (n]n]<,
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lfu q( ql <i<qq qr<-; fi€iroe nr 1< crEl (?Frq), <lrql{, qd sn
??a*rtl .l6a l+a,. rf'. -+ 1l-d< +<at z<.. -'-/.a \:-i-i 4-7t[<;.

'aq a{rn r{l? cdFr+ Jr6. ficlr qt<t< ?rli, nll {t< a{Tn qG?' el1l.
{nqr(3 irll E{r €FB Irsr <rq< qfiflF Bfi ;rn iF {c ?'F 4;{]

<{(q E1'EFj ,!i 1r < a-{ cts a+ri5 fl (T.t {<.t F(<. fii a$it.t<

ffi{Fi q4.iri ]IorR3 z\Z,i3 a5lr { a ge< iftft T{F qfi, q?

.+[.t< qfurq sE? ii,r{? qi ,ifim.rr {c, ry4 llifrq rflq eso iiil<
r{ jlffi. iltctzd< T(n rql 1fritk ?haii<.3 aii ;.{6 .rdts adlqfB {cE
r/.-!ego"=C1'thaqt' (1r5ii), :IIF x=e :8)Chrt {<l EJI) =c8s'1 989

iifri (el{) = {a (<fritrl]i 5!.r< rq{ {llE, ..fuffi s6. elT;r*l,Tqln



qtigrat<? Et'u r (<Ie at?t gta, e"Fle n {C5-ofr ei<iit l{F, ,!3 Tfi{<
!e q-.1 qa EElF.l -ieiil a?tI$)

slb e.,Bt+orq (,rrni qFrr Ea ge< .Jik< -r, Tinr< a6li\3 fim
qals sl {-fi qrE, fuo a w1,tofr cr ro F rfiT6 {F"ir E4 1r<

.r*E <]ffi{rq< s<r fo'.T< {i"il 6a ai sT+ro s : ) et .tT{1 T4t

<m. T{Ioa {rnl6lf< iold Tcumen(. Ki cs V I I llr qrfB mr)ltcD sc.t il
<iqqorq= <.-{-a rqeq< 1,1.r4 {{lFl< ita< <.ffi {it {afiE 4< q$

1-rF (qro qfi firm +fu q1 rle, st< {.'1.1 t<9 eo {e frqiiln"i
{rcIi q< ed 4rErFE fia?r fiT{fiarr- Er"ftq 'J'-rrffin q'm sels

={qF rtoo <Pr *-ri:,ri E <1 fl'qi "]fialq ({g<-s arafl fial) ii'fu
+Gf:{qd o-:\r,o(i offifu fi4< oa<fitir ri .fiqq e-)8o (1ll?I

e-)st-u<;i1s qr< qriedi ltqk q<e fugq. dl< f<{]< q{]]I< u<
qa ,ilV-m ,vlu,:t=1""o=o- >S >v, <1n ii.oi: :]]I.t< ma

q-ri"cts< od qi li]I- <IE

"i]1I1 6E (E."li ltF,i orrre
flrflft fagq iria< firE.qn
a4(" ,,nE ,ii<? ef+l u+! We
;irq +r< qno sm! o<{< <nts
rur+ril fiErq< aqerar onlrfu+
rrql {6nrr ft,"olqiifh {4i-fu
,r-:q.cq= frO"AfriN r,"? qrielt<
zqfu< ga qlcr< Fl ql , tr+a

30' aflI.F rl€rs , l{.€ {F, At4{l
!o" c<i6 a+tr.t< n(B? .Efl q3

4arr] fu.En q-isE q' .r, :rc< .!ii d('.r.n rrr5 so" ({{"R :ai qt'
4< qfil 4iI<, -t< {]1]1rs eo'asTafi ?<lilB "L!l <{.en <i6{rn qI<
ql q(Ell a< -,a, {il]r,i< fiqro ?r?r'(\i.c)<r.i qfufro -dI3,,lft

rtqF rirr- ii4r< fl a+'n,g a+lq {lIai 4{<q=]1< {{l {'l{.
Sin A= /, (crd 2 A)

q,.i9:3 q<-rF r+tzq< o{ol <t hatl-chord 1ila qls {.raEF,I i
rF]Iq< ii"" fuF i,tr. fjirr +rq rc< a,"<fuq" oo- < far-<] )q)ir': )c'-<
lG<l Eho'i 9 c'< fu<l E8h'tErF,i (< (.rr4 aq{ rIEl. qs6 ir.rolft
i<gro< ec 4q {<q <,I4i fJsfiri a{]q {6 

^ 
I]r -1< -r"l3 {]Eili {tE

.r < f,+<r qFi qfl afj< s+ 4?rE q'R erit .r'tfl qsrsr .fue]r< -,rTnl



qr6tq ,9? ctslc +tfiro rql qt fti<t <qt s" Tlt+rif< s m,fl<q

tsrii-r- <t<IE qar<j qt Ktz<i ql nisn Er{nr-n G€ =rne , (!T{.
.+q]3l, {gTq. fu.sti, arnrfi, +riqE. .61iI. dldFt. ""Tn,99rfl s.r. rifu
ra tEift iilr lzq< qnl qd€ eE <E "it< -Ta€ a]n€ :t(E. q]T<l
,tiffirm orfri -m f.ir"r'r6 qr<fu(- 63ZEr 16< 1r{4fi,+ 11i.e-r{m

4i 'qd sll' ElPl sl<ii nt G< < s61 ({t:ts r]Ii q]7-p {F :1.i a{ d
,er< stz{n6 qnfi fi q[E rem<' s]< nr{ ?F ?-Ii"fl', '"]-ro; qq<l
g.Ti -4e3' < . .,fu 't <. . - +-aav "h--n! .'-, T{< r E-E :.!
s.{<ezati ft"r<< ?fu ons oi lgom'i e16lri.-,lr:+ {(l rrn<
,!a{< ))co 3i*6rp 6e1{-r1 nfi i1a;s11i5 {({] rrT+ I -I{{lIl< ir4+
i"ii< o'l1i",Tl" si a'r,i llt Fr-< +trq cp,.r<; r,ild qlr .'fa qifi +t!-
1;di et6a varu ua<,.r cr<< GFrl qfin ur4fr TGrF :tfu68 <-{ftq {l
<roru lttqFR s',rr<Ei rs<Lc 4iF q4ql ft1!r. q<iF{ra SnQE
!ia.f I-s fiili q{.I i<rTio ,r'nsE firfi;i ffi qf,nr <q3 {.<
i-iTatdttrdr qrk q-Xfi!- .T{<]I. eRE &EnLEr si<E eii [r.F{a'l<
'\phren.r' (a.TDfusl), ql- 3{.{li€iFR 'qtT6{<. ffii< :stqq]I6i' €
qn,e iq ql<Ii a11< -r{<r .arr ft€ ffi qnft .l, kifl ,I- ,!E <o-it!
-1.< a'tr{i fufn tl t|{Fn ,f{r :stT<, -tgil qTar.. Fiid 'E '.!- ftn{r. <rri r(, ,tfia-r Fi '|iq? -]{rrI< ffi a"li q{{lq.,ar rrEl
ffi)a.z7a:.? 1.4:'r-44-1 2t,!E ,3n ?-,!r,1, .,?.<.tr?r-!,
an'I? Er? fufi ib 

.[ar -rfn q=frE <fi/r ftaT{ .si,r!s =<s. i].Iiru q<

alrrii qI5 qT:rfl c,iC{E (4r.i sin. IT. *,,< (li 
'1.,i:T'j illlfq .srr' r]I<

CsRq :,rtd, {< Trel

<6{]ln Iis fi.r'eir: q(-qll (< aq-{j TrrR 4r. 4fi {<rm rtTDI
qX{o ,!i q1"ltri5i fiqr e,x f,,li *tistr< e}j- TIi[Pi. ffi {Ed
l<rTl- Xil f"i.& qlqrr ir-uter) ift :roc M= rrz+ :cuo 3l*tq
q:io fiIi.c fuqa E@ !9-e.x< fur-+iqffior+ qlf,irlta feiE (!rrT
qqsiB{ liili< G"t< eiscfu€ +riq .! elfuirt:J+ al31.aa :ri(,, -ij-irq .q<

II-s iil q{-m3 arr-{ qi dEa ']IjZ,i;et sfi {- 7,asi crti ({i-rTql
rtrn Sn 1-€ >]TT{ti Cst4! l:iE -*B a']IE fi-@ .cii- T.q ii.e- ,:iEE
',r ,!a'.--., Fi6 e! e. ..r: !{- . , oto o<- " c,r:. . .. 6i :.i-td

anti .rra!,r e-rri;o "narrfi! f{'.Tfq l,.t- q-fi]l.-.{t la-l arig @;' E-
!.i} i,qai,, fu€ Ffir+ enii.i rE lrr {ts:l {|. ritr.ia {tin qT iqt,
{.Fj nT, {a?t C1,- l<rh nirB .q.i1e. fuaitetrrl=r s!'fl-ar;il {ir,- q:t
i.a 'i:j TITI, .sto 41o. )e ari--- i..



qi]qrfi sr1eJ- <f{qk r.?t foafl"iFiG slii-E F-{sr.Is 'r.,g(q q?F

qF raF€ <itr,( fic< 1< rimro q{ at, qI a q{ aire 'imr" El qt u"ra

r{an Eail 'l<q c-.t itnT< <n"r.n. -ml iim ? altE ai.liq fi-1i cqE:rri
Etr.a aFfi l:td Gfi r{ r+rc fi-ri c'ar+ v+fi< ari at :Frql fil
e.ili aa li-r€f Ern EriiE T{atfr i-,!y--rqi +{E iE aqli fl adFs (6+

FB fE--i] ?5l crct fuF", e .[i< !i"]"fiE td 3,,s ($lqFi ll.d'
r<km flui qTB lT.-a 1.,-{l r-Taq< EllEn Ed..i :5tn:r<fuj tiFl<]i

mj15(..ul 13"\ F:r, P: .aa n?al: .-.1, ar" 3''f
<ra(E 4!ln ov ,.r< E?< rl ,T]ne

ftn (o Erg]) P ircl ox rr.i i"]3
pt\1 fiiFT a't4 {fi oM=\. op=r.

ivlP=) {{, -l'atrq qE31 li'a fui.rs
,,ffir ,

cos..e=l.seca=l cor e =l -

sti A =:@ t 2A)toItA =2s\i+A

,!t? nlsiel'll a!.TT? d]6+tE q]{<r l{65? r{€+lr ilY(qr ,l{l<r:l a{i
-sito ,ll1ii qllis iitnfr <F s f"nF Ft"i< {($ r.",r..:n.r iffi qlqf<rc.

]n-T 6t-F? i"ri,or43 n' ii4:r c+co ffi. i+gFr ruE Enffii qRrr5
.? .fg: <f ) c-sE_ j n. 14, ,-11!. o,3 "', ra -Til . -_<_. , '
{rr5 ii4 4t nr<r fty.fl;o +Fl a3acn. r+tc 1re< 

-co< "re1;fi- EI<

:ltpoI.rl Es 1IE3 Erlr (<i (Tiq.lIql l?-,-i= rt* t.Ea ro[1i Er1(i

q<?3 Ii"J+]Iq3 eifro 5]l ! ]1t1"

-ffu< TlE|r$ liiig.cin I{Ifi 6{t
Is 4r (1r+ \;T{l {a@i qT{l

aulq!,IF, *' *'.r- =']/r

,!<( ,atS1 qR€ 'qFrc 1! q]i'fii
!- taqfi1 nn {li F,r rlTld+i

'116I] { qEq qta]I< fiigl Fr< a{<

1,q651= I,1;114 = I;



al,<fi(q;r trzFi a<Tn EIFfi E{ siiltfrT siir. Ta{lir Tft T*6e
-I-* a < Cr.'=F 3 ,IEn-an <F-fr ea! 1 4:4, 4TF <rr1-1 e? Tn rB

i al5,i< aer q11i ('it4(q< G"r" qftr frgq ill:a qaiF Esli qftsn
6(n1Er.f{ {Tn l+. iB6+s s"rr im ,,Ercmcnrs a.t|r{ {(T4. o1n ffi
(,iq+ c{ffi\! qa+o etiicIn (+<4 ctT'El sqn -] qyTnq <+t fi(]i Tts
{-rlcq- a4ea4t ,!e? "di6i5,ti ct. or< etqq fi<t< qT.]l+ r<< +r<,rFl

ir (,iaaai olr+x gr <E .3 $q Tc< fiq< onr"l qtrTi qr'rli]

tEl,J&, irldrftfin (ll,.r.srhe|esl (+Er qfi "I?,+r "rffi fiih +2,<fu"+*

ir se Errasn fl c{E"]t,t fi rotn.e Eta (en-,{.{nt roF€ fln :ncuR

T{rta?qE i flq {E 1tq 1rc< ;"ri iim E}tc<"-rri1 {al, m fuy r<+ o
+,{,+1E qQr qisi q-r--(gr Efi q{89 ffi -rr<< *:u <q "arr
."n .'n. a-,-.11: .t.c a-s<z 43 .rF T3, ,n. ! - ZT7 ar$-:a. {2" "..
1(T ("zqi TEsn "t?l,l,s{j I]l {i<F{t.ill :.o &t,rq orcqofSTri
t:rf,{,,.1 (MeDchus):i]zT c'.'no frr+rqiiFi< t-,.ro <F e{ ill fin 

"lxsi{s sphrcrica AI{< ej?rT El ,,re 6p6r a* (r[Ed El:Iij]< fiFI 4{<
s,,l Arfl[l di a{3tiIi ;--:rom Eq at ffi siFln? (mqo fuyrFi r(sn
.qf,E 1'rrr a-(arEr 1'fi.I'{<' E firqB 1<s jaa:l E-fl +{3E aFz6i :m
'.tFrr &9q

-r1<i<q ,t + c'tE:r fulGr s 1Ss 1rcr 'sr1 i<"T- Eit{. '!sfi
,lT{ar< Efi iF ?FC< fir.r,B ar<r1{< FR! {ica rh1zE ntz{n fiaeEldfl
f?rIe l] carri a<,zE eI< ql{ 

11q lT e< E"|.< ffi ,.{rar .ITrq el,r T(tl
fu1.- lr<]i ('iFrdt fiir]Is fi=e 1c<, e< efror+ are<;n! ILrne <1. Eta<?a
|" Ta@.'"n:a-< !% T1l, "aqi" T< Ij ...qi <ri rri r. i?J< :.

aqp. !i ii5< {.,c16+ q4f :1r< Tg{ (<.,t qaq, lii;e c,11-a-r B1asg
EF ft1i 

", 
f+{< T{c111{ T,nEn nirriEa+ ri-.1 i-s 1E) qrE <<"ti

gilr ftrift "ili.:r ft,F ,q{ fi<, (qF e?n T.it- {.,I{l1 fir{i Efi li(I
I (tq) 'qlzfi qzel4 EjSF?; TLB +13 (,L{ i.Elrt-r5 fte,3 +ra9 ,!ieIi:<
Ti ,1i ., . 4 .--] " -n qaa e^TB .<-. a .T f e {.3r r? lri

figoe ts"q <e 1it< .tr io <r{ (<i 5.let) s,i'rv< on,r <e . ,ri o+6
(4lq !i fti'tq< oa-:I€ {s EI]{I] {tlilrn qrn lElafi n{{rl EtFj
-Tiq Gr.! ar{l <T r''tlrn c- f,iiQ.er lft.e or e+ u.,r.ti a]{, 1ii- q:In
2 ala, . ?':, j f1g rl< "l-,...3. <e 16:z< 65n .:'.. .<e e1r 4 ,<.c.j
!i 4T(Tr9" (FRr &<ui lnaid-r qr!i'cr]{a.s.r: ori Ur (nrrs Gg,6<



q]l;4E{l iiio +rq(kn }rI< ftqat-i :[!l {]< C+F€ {E q,fl.s< o]< 1Ss
;r:l CTFTEI'|< sphderjc! i 9An rle EEE< (,rla.rF fuI4Tqliii< ifi a]n<

$f,td eI ,! ,TKs .qtiiIE Ea]rIE Gl<:r(!] r<aEGl sBn , .!? ,ryr 1i!:r{€
ama flFrcs? € qr'lt;tftwrra .q{ T<. llg{ri]ah< qats El"rff qatri
dr- _{4<. arIE ftrl <i n .3 -5rt, <. , e. 1 rtpn.
CiF]T firyr6< F:1I{ln {<( ,!< {q s a+Ilqi {(?[-]< 'irr, eron= 1e OB]a

al]?r.ii ol]{..i EFrl <crl f'Efi{ -{c!lTrd lig..iri rx{F q{.s {-l
RF<]F3 -n E rir :nr.lft egrq qsf5sE <T <i-fise, "{r<? -,4 {il ,

i51qsr fal-n .tld+ Iq aaii sfi- fitr ] ),9)8 3l:r,-"..., 1fr,;= raAnr<

e,if<llTi qtlisil .!i.;'< YJrL r(1o qFm ;a. a!l<l< n-rEj q1 6li
+fTi Et< Tc ffi,j TE< "rl3-rrT+ {is eEfi- ?;{ {r<r]F,T ef"al'l

ia6 <l atlE aifiqi r':m .;{[a {J<qE sra< =tl'r+t ?,-ft C{F, Erl
inq< fu< q<F s9 eg F r6TaF.n ?e sr' i -rE-- a ifi <;{rrn qs
: r-,i F.lr :f.:z a{r., , '-. <-a:a 43 atlj-- ..:.- _.--i ra =t

aa{aE

q<fi q]{fl {Fillug },4Fin ii*r fug sr..rr+ <,*< !ft qpn 1".
Sdlq fift- fur.1d -r< qi-,r- *,+a >rqF --:1i lic-r . ot+co

"riai; FTd (iq:r ei5 .,r ffi )ta Frc ,![T .\ao lliirq< {.!fl
1"a.i{EifulIi {(q cifu? .?lz+ q(i-TrJFTqa e.FF +rTd, a< :rrrl- qT{F]
rr?r-- liif{111E qr<+(Ta iI$ -rft-E {{in ir{.en ?6 )c "]ze
3r--n:a€i* rFFi 6(Tn i< <im< qmft 

"riq rlr. r? (2rzc E|<t< ))qc
. . "-'6. "5dl .<. : 42 :. c! Gr". !a4} ..r- i. 5: Irlr r-to
qI- fi'|6trr qrfi$r<rfi< '<-<q. 'sk da?< EE*lr.J #ir rq w-<+:r<
,;,,1ni ftrm <16 <,lrq ilwa.i:r c o<?:r rsrf'eifi? i?"r ftcrr d< :r-
"li.il. 

"-ri 
fic11-Erfi. ,fr.r fiTs-i .tETilT-s (-jitflr.r:r d? Tf;ji -.rcn <.a{l I

iri<.ij, q..-n.<t -|I.};! oia-.ft<. n rr.< e?ir ilr't-l -Itlrt6tr, Eti qla fii
-. ii66-n{i re-{! T.rE rj,-

qr?x ilTI< F<rei irr (a Ediif'sf- iGA,s < .i.ica4i iirnlqFitF
ir4fE -ri {a{ [,r-F, .r4lc,.!r., o'K liaF< TF 1]o a{.18r {.1as
lsii rIq-l Eqfu Eq[+ c:].t<F fl< a{[Tn rr[.r 9r4 r{a- (l]<f.Frrrd
:rE<-5: i;Ii 1i1k",t, 3 rn-..nqrr< Er',!< EfidR alr1rlrri s ",1i-ndi

mr+.il i;iVrs f<ec dl ar(< a{ aa;Tne tfltt+ [g:"Gr TfllF oTE]i
.. I+ry=.:tl E!-r a- ./e.ra )!-.a-n- a.; ',a a| .'-;-,. ,a.

fua{ 'tz<r"fl 
qtfl! nfin qfilti (Eab bti) ,'|-rr fu9r6< a+i{tad'

l.rlrn .iiTFK 41Td qt!- €iIF ib8., shq/Dl !1fdt lielri< ',T1.



i"t-,&]' €r<iin -LTa ql -rli+i qrn fifu+ fi-l .:is ea ,i- i|6n[--
!-JT{ lTas ffi e cofto]i <ft. .-T<?n:r* ertiE({ Eie er?6n irrrr

.6.trr r{ts.i .rotni< (1zm ftro funE e 1it-,rotzl< !r<l i&afi1 qi
Fiw:r vre ffi fl<r qa

c{Ig1 c€q'l 1!.1+c- &1i'i q-ffi 1.3a ?In vFEq 1i l+lq
1-r1-F r:@ir fitrrer< €ib-a sme <-{Eq 1ig cq"n <m. -qtF..i qF

"lsltiiruii (Eta +Bt-< FrqrflE ry,{) TEq q<i ilq1En -G- iEG<

=6+t e<i fo-Trejifsr afl,]<.11-+- eiqan rrai. qFrre6l c+t-

;tFreir& qIi{l eE- Tr?:r. iil{i €aFfl hft flrrr' Tr<fin nrtrdr qtisl
e.mn qa{d, 5rE ErTrifi (Ar7!.het :oth-)oEc $im) ffil:r ++g
,Fa..ta.-<l<" .,re"-=? e{-! "fi:1.1.--2, *t"

r..,rqFrfu< E.i{F nrfrrr FI<E4 ull4t< trzrr.'i -.eFtae itria,
l ra "{r_a< q" : d:: <z-=". Tg_i3 b1 . Z. <lr 1r<} *<<

'ff.,a,r,:rj fin;flqffii- {En c$rrrtr. fiEaari a-fu ol41en rr<nF
ft.fu +<<r< q:n emt,l <r< fdq.=in , 3G-i irr 191 dlfin a.lnitral qBrli;s

T4aEn tlmbr! r..rr' -rE {qi aEclllr{l €fi arllrri:dl+fii< p .iIF <qIEn

UrILna lersr . -|< ETflaff. <a-,-. F]{n' (ai..nrnrl ETi]aniF ?EIillT

. n:={ , <.._.. n::-lfa a' .FGrz 11a. ., - =-r-:-

a:r.,e rlffq- irErft< g6l:
ff-ri Etd {fE ffii< E,j":El'
-"i"tqm ,!i : <rg< =rofiFts
5Ig-IE< Ta GrTst k"R'- <tq<

a.lrrl4i 7:lE. c< a4;ar< eqT1aa
:a."a qrfis 1rc qsi'ff{- .\BCD
:f.iaEn <QaI'n fi I{tE{n d /,. (

'i ra qlr 4fucr< iF.6 rrft , .! ,

Q:I. -l' ?",r- ,.+rl=n
<i{rnatE qrrn n T5 F-f"l

<F{n rk :

Sin (A-b) = sin A cos B+cos A sin B

q<( cos (A+B)=cos A.os B - sjn A sin B.



relqtr+ l{41i< GrflrF fu€r <4 c{ro 'it< lijE6 "na-r<r Frci
i.@ 4F1l "r?.1 rf,< fi"Jr- -trtrn

iIift tr< Gjrfrfu .c fuFrq1ii.< cii nFfr3 q€rn qfficq 
r

;:ro14< Em (,rt4Fr< "tr, d< sT,rG qd6 cI11 T5qn <l 831--l drTIE

,1{mq 6114 c,l fiql ffirc 'lT(< li tr.4ft Orrhr)gorxl projeclion. slereo

lmphic fiotcc((r (Fa ell.iel. iln 3fffi1 <l 1i--'r eZ+4) €tuG nT.$
f{gfii- qlr.{lEn TL{aZd ,\,ralenm! 9 Plrninrtilericr' 4!a aqEll
.!iT< ,itr'fu$ {r<.i i-]i= i4a.n qa< d5+]Fi r|4b= 96(l? e]I]r,,r- c{co
{rr.llfic{ aiFir T(* q<frs+n<a dm qc ..lFl FlTia's fl-<fd"in
<4 rIE Jtin< nli"t ;l .{Ttq ,j$q1 -f.ra . "riT;lflr4r nEfts V-
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:n1Eil "l.sl5 EE ^.3, .a(,r" S-]1.IerEl€ 1eft- {,8 r{]F. s? Iil]ir
ir3i; trir ts+{et'l f'rz{ {r<'rI6rifi $Rqf;sE <{n- safi

!ta"i1l. )V,9,9 ,1ri. iiiizn< r.,jrF qrr! 'i-i t?i.+ d66 irA t96A
c<( -E rqr1 iE m?rl !r<n3-{i9" itsF EEa elt !i !l{a;]" (afr qffi
ircrS TqBr nfu ia 5?.11. '({trl !t :ri El" {ri rits. t-: FiT<fn fi,i



aq+tq '6IrFi; <€ F.< riii{r E4r ET<'jn )Eto Tri< €l4E tl19 '!< 1r'n

?r 1ie Tat (l G, {a?< arilrc{"i iitnln< {rAF q]I l (?r+l t<'6in+

{srtrc"i 1R6- lir fitfi-4< ftctql<li n-nr qi Fr ffi ffrIi f{Gi
{{qI,F lIfi {!Bi. qdlq '11aft< <tc<s rry< +<Qo Et-f-aa6
-TF. 41d< [ani , 6] n r:an(.Ii hlrn $r{,} !5 <rdi 6a<firn

nrr rF r{ {< ft.gF Era fli-. E] :r" rs{ u? <TF< Er , irft Eefirs
d.ora1 (qtrt ({l? s+ rK-Ii1T{ @(a ur-, m + r$l q{'n? gfu {{ai
.ifln€ <E qler4tr$ Tfi 1q (,1TT liF= r+Cq 'ol'{- {i qai< a+!
corrrr li'xi oqfi< E." eTG ,!i aa Ei< F{"na a ti cqtr€ Bq"ri

,ttl Dn CFF'I= a6rF. bF , "r[rr Te.€'< D- <] .+ (!.1<: ! 1 t5!
"lfsit< Ta !T<li n(Ilfr.5 q|F. i:. 4i Gr -|z"rdil 4r.i "l'sr"r. "lftAi qls

d1n ffirrE 1 slEl, (t "JF,A< 
qrF.iq rElF "Fis I<9-?

ql ,flr! {ari G{n {rn1in 1ToEr?"ii {<€Er +if.I s<li
zEu;r, (Er lffiq qi €i6r lArQ ffi €ri ..16'Fl{ irr|Tqn.1
.q.ip fi.fir' fiq< elqr-ii Esr?.4 al{n, {rr ?'{Iril ffi fn*n,rfu$
ll(rt6ri!"i< rfrf,ir{-r "ii]-q qr< rnlfiq", qr r qti} 'lfq'eis c
j<nn+,.E<.r.E qrEr {al- fu-m -fuqfi O"|]lt <-q ,tql il]llE 4i BEI+Ii
qlIi acr(q {itr{]3 6tit. srF <lrq fin"q +1&,rjqi-, (T:il' iFennlrl 3

- ^ .<4 adri "E-n3 .\ 3-_< j )r? '.._, <.1. ':4 F.$ _'rn

e"fi: oqri! ("r'tE lrrslEr4d c..il )eth o'r- t<l<Fgtl (ltoh.rrall

!i +r.9 ff",r5 ,4< "t(q ,!i F,r! <4.n 4In'rEE. j<i -l ).9E 8 ql1q t<1-1F

tH.rigone) eqTE ,tfio-"m c,*,.! l\'t h.in!tj.u. nF-F ts.. €rT11i6

ziftr{ @ qT Trir ,;r< iq3 T[p fti]r- trrrfutr={. 't;trr r{ nil
,.F..€tB :i[x ras :iTE {rt i 4r.<' s<-]ll .ff. ffi. ,]I'ffi"c. rE-ri.
l;+it, €nG-. 4lril eI1 F{riirn< +',,t':r<o:+rd e +!n 61-1'['d4n ,{]i
<.1 . tr{Ftfi.in3: ! },i -n F.r rrc: ar< ?' ;

1lr a{fi,s iill< elfl+ (rrlesn l celculusl < tE< ?f?rP <41 q-K-il-i

qI54F.n{{ ffi,an< Oi€-nl 4l: llirxionxl .xl.ulu! q< ira 4t4i+aq<

Fr':l dln dillircnlial calcLrlus i <Flt< 6f,r qT'4 ( anfi;< lnEin €

aiad;raL5<:]1<l rF F]3 T'IE {ili. { i{l ,l(t sl1qtF;l :nr rlll<

)vs1 llidtg< qd] (r i.c-driF Effi +r+tti< 'ar..ri- +ir <{ 'll;<3
<:r fifi s!.q. fi,l'l ;t,,, r.Tn ),9vb A,irq ffi 'e<lt 1i.lit f.,r<

1rs qJ=s.E 1,;i qa,a 6'1 -fre {tr4 a+1li1q< 
_ri3 liEqi {q-IE< .lL



fifiIdn q4qt<q qfuq< $?ti el{t-l irrnn i Irsi 1i.T{ STr frtinr$ qi
er+r q"l<t3 "Rlrr"f .Es-,i +r{r€ liEin oB ql{rfn olE qB Et4r;i1{rq
q]3 nfr"nE 0 Ffi fiti i ---mcqr {.!] fu{zlr iiqqi !i,j a l

a< liqfrr "ft<l {ft{ arr{< fi -nt Tzr A-:ieE qtr{tEnril 1ie q{]3
: ,..r <Faiid { < / r;, a: . "lr3 in *.r-::n -U {aF o<<-< fET<

{1r1i1 T13 : r rci ET{rr-< l',oB <Sj nrianl ftEir TrtI{t< ?Ii
stsat({ ffil qirii-ni crr+:Ti Fge qo cc itl {+]fTir]i e[:.Tars
-BfielfiE ."1141 ?Irol+r4 nst7. {].ii ..6fr n(< 1eq ftro <o <gsr<
ft$rre qc firq rqrfuFiry. .g'fi4. sn:{roo! ri @-fu6,n epfu 'ifiE
nrfati r:q aoTr€ iil:r etrqi Efrcl q stg. Fadrarl {aq e-JFtrit-:i rgtr?
.r13€ E? i1Bl fllr ,G-.9 q- ftEii €E elT TF lial< w-jro @
IIn-fi.o 4r<EFi $1<"t. q 1i-m ffuT<i f-ui 6s+er4 ;r-9r e?B
qlf.<-k <ia<fi(4ni sr +r:r+i 15<eafi fia-re ': Gtir z-'rErqa dr<
la<ricft< :.4trF4 flt]4 <eii ,rl<s cffi{ (.kas< Eri{aq< :l(!F fi{<h fiI
) (3<..:91)i-.lrr .. r{. ." "J'B_< .:-. t\.\. -.e< !5r.
<GEr< ftr]:ie-a-{fr- Ji'fr ;_-ld eTf EE cn]}tF,- ,s".1 rrr-t q-Etr<
jr qn,rc fuena< 'r44.rr .-,rrE T[c :!Gx,j elri?E <6g (.JE er.]ll

-r, F-aql q fi.rl <t= ia,seF l& cF ftz.]< 6a< T.d F nF]F Tmi
c,n-,Etr< srt(T+ q{ F-teri Erd q,fs+j sEIi, fuEnn fuc-E T-6
<{&.;]n €i3 qr< sEfi €k iria-tE+ fira-- dTtr (Lu.us)-fiT ftqq
(l.re!e) i a-<il qa-5n -:m< ettr:',r< I1iq"tqr-ruioqR ffi + fZl ffi
Philosofhicrl lians.tcnon "f4.r1{ qi6l <;Fl q-rt.r6 fuea lqf+ ora+erql
21{i e4t.iTI{d qlEi tE- <{E ClflliBi {..+r+ {olticii| I?"tE qi
>l+e €i<a6 fie-n qrdura< T.Tt<tr llir +rra .!? $i q{wr, Bq4
\.'). ..! s4. an .fl. a.c .{t ,,c . r^': ,r : rr+ g-rra .T9 "n.:
H3i1 -56.;" q?m Ga€ ,!ti r- nlTsl-e. <r qT.'r1 nnf.G -rtEtTi
1:j,'4+ rE al !E ,.f!.. ntnl --nIFtF t.,,T4 !-3,6- :.lli.
n-[. fiiftarc "],rd ii+-i i,Tn 1ir" ca . ,lrts qmitr. 

"<e <r $fi{
'Fllzdi 3r.I "r<lrt< rilT 14 at< mrl ?.trq,]e cqg arTA, !i?to qt-rrl mn€
ifun ficr? -!i Ti{iri1 1,-rzd< erfucrsi qrs -{.i rli"({ .

)boo +Erq lds eX g<rqq f-(:]? .iia,iF< rlril s.{ <Irli o<t
I'"trfs.r r ft-g orr.aaQ tT€fq+<', ilq< qlre <g z.ll(w .{. i:X E<ritn
?a-:l {< !inT< <n,,,rl fi,3- ia.i l] I )iroo ftE .Fn'- fe- {lS ?lIG (M.rx

Ptrnk) €tBt< gTa'id qtr4tiF 11fitt- {{ lr"r+ rqF D E li jchnx)nd j-E



The Dilcmma of Mo.brr Phlsics alTa fiIfi5. +?itn q<'\ qliniltFri
'a{r<tq' (QDanrum rlreo}'l ,q{crd {aqflTrl qq|! 4rf!El{ sr+m rcrrn
(erTt-t$, G.r,l, & Son, .! T< ftrn]l ffi- 'snqrrni ql:mr< fusll

<fi6 r II] .{FF. flEEfD ui fl fir cl, <e'qzn qI4llo< rItra s.qTi

tn",!t siIE <E 1,ird fueift<t o<r<r qti <qn<tq [d]? {Fal< <,-ir(g

/a1 r(P. .!rd<-(F< TC] 4.^<-IFl ar6} 1ry naE e? tln 5n.

iiBin aq<tq -qFtrd q.,< a fu[.]n 91 '.L<844" -l' ffo <s {(E fi<
)'-qe STcrT:& {:jrt(f,i )nal<, n-slr Ta,l -.4i tF3 <i*< '- n

,,rts {11 E qirl! F{r {l], f.t-tr ilsl a{.i fjs-IE; lrfdBr 4i , Cr {i:,1

ri<r rs<no {ft1r ;h'l filq o/-T{ii. dr< ftfr? a,rr{ < {< df;fi'c rlE
Gffi +rq.q< cir4 qFlE "t<(sn nt qft(6 f.@ iil-l-] !:nFii <itc

iriie. < Tnq ;h{ etq E{c- ?q{ fEq { .Taq +lzql )vlc {r4<
-r<sar-? \iF 'c-l-,-i f{? -.*-q <<13 Tr,r qI- "i'itr{ FfiE ' ri6r +Il
ffi TsE c{arifr< rql@Dril< {an [alTrdi] 6(<. .l.fflF elF,< k{ir<,
:rt- fufi itfi crEq ;n oa{c l'rriFiT 1t{aE ''illl- -rr <a"]rl{q sr! Fri

:cte (?tr6 )t ro {E 1lio ffi rsk(q qirsEr kTst {c,, fri ql
,. <gr< n-i q4! Trn ) qo 1 qln q.!lr-il 1,13 €roftl- a"" {r"
qmqE]< nir€flq 3{ls< !e {imrcirary roo l{f,{ 'flaltal lirFl
',trsr-"{mutl )9r8 aro ri-t< <1 ao cstffi" e rrrft -rrnm $G'P<
Jri<Er{6 !s{lE I]lfti nr r(q {TT:ts i{cE 5'P-n ${l1r< 'fi ,ftffi
(+,tntl< ({ {n ",€irr trsT 6rr qrj{Fr< -,"<i,ira", rnerd.< Xful]E e:{]"1

a4a 6{dn q.' 16--.14- 5-5ltn 11.i..,.,. .- ,\ er. tI{ _rfrF:

.i,b T.<fuqq {tG EId=Iffi4n (1l ($"FTlZd< F-{ irgi]r afl.l,ilfl aalii<
o=,rq fi4r <<rs eui@n nl <(q i;[q< r5?r !r']lr "lk1E nl fiE;4
sq*"nq oo< ftr+r ffi€ '].' <E< srTalt cfq"l 4rr afl1rEi cl acerEIE

rFrsetlt lalvt.i (elitsct {a€i {f,< foe :gt nF --.< as rt'rq a{"6
fqr.t a<r,.firan. -l a.l{l€ {aq (nrn { rr crTs. ffi a"ia,s q-rli-

fta{d. qt<i alll 6(< en.i ada{n c<i -l' .;l< nt[". ?tilr{d oti :r,ts
{(4< ftn< gftrc i Qrr ftgl 'r(i :rilTEari fri ,!iEi 1GEl< f{{.r
{:, An ,i" .F{aFn r? . l r-fr , ,- '-it+C- 7} C-2 7F<! ' Ct ; <

llrs< ad"t <gT< 
"Ffg.i "lz9 aq1tff q"ln€ a{fus iB6i9fi6r at-GillE

l" V ''olr..rr ra d6.< i':e'<Ea '63.. Lli a Cia ,"1 F-E

<fu- q]Iq ajrh <ti.<F (l (,1E €isTr 6{<'r s- ft;nnlT qdrnl<

a<r+a fiiiac niil rrqa , rir a{.6. .lrTti I]6< lTrni sait fi< ffi



"ETA <q{.({ (,rM-{ jir$i .!i .4E r.{ld1 cITnr-t1E nftT fi.{&.{n
l4GBr qt<! flli<{q n.,ElE 6sm {.€frcrr< Fr,I {a{a )sEa iiE]16.ffi av.i qrqr. <,j13? sr+ta€ fi!i E"tr {sF jfuD lfFR qFr{q !-,
n <ftr{. F{arzr <ftE rq "tiiqq re I?Ft? qFfr iiT< qts{qc fi$
E-IT I q? qe€lFt- T{sr:ini, sIlq Ffi.R ;taq }ari rl,l fuF {-Eg
,oi arl Eefio <l Etcat )iir6 41r4j <9{,E 

"1ze 
ffi 6FrE-1 o, a{

1i ,: .liii< rcrrr+r< w-r.it ii.ir err: # eX ur< rort q<iF EtEl
kn< {r9fu+ q'a{q fucnar qflai urq ifug.i it< <n"r f{c, ai e

{a?r< g<,".qr grdri -!r,r {rtnr{1$ fi "Fr {[Fl l1<r {{. -r? i]3 "Ir.ii
lii{R (ISEF ft ftr< n-E ixpfroxjmxrc ..t.rtrr ,,,1, fuz na< 13.1-

f.€'l< <rmrr,i< v. eq 4E nstsl( ,! fta i;1{ r. _a--jfi; Eq lqe qj?
&1,r (nE. ( &q]< 1i{- .+{r EE Ti c t16. --14 cj-I]+T< a qcll]<
Ei- crlT qa {l9 err6, -r'qrsl qs I< iiTI q,[p ] q{- fu6 !-F
:qnEtsll Fnaeii c4 )gtv e )gtl nta{< qr{rl ti,a 

"tt,g 
r94 fu<rr:

Atnfi?.ftj1 6/F sia-ni ofll )url;,Tq ats "l .Fl. atF fuasF -<"8-rl

qi fiiF 1el qf+.{ cr-raa 4T lotA 'i.i sl -i rya f<ri j ,riAE!]
E[3ll T(afir r. {;l< eios !F] q 'tio .r.. rt Tg< q.TF, EI< v!]
ft{if.!E cr t{a'tql cllo rsFs Ta".l{ ran , ii.Eian< ii..rialjta
i ,r-aricift a-T-c4 r,5n , ,- ,J -rrrst < t<. \.. . : <Fa?

ar-n qm q'i -tra lrF r< ii+qci rcco 1-rir4l qnam )9stij]li]Iq Er-an .r< Ai.ifuT <i :rl].e]n E.r-d (Chleterl !< T<rrl,]lq
i.iir< lq<m {san iifli !. €f{r. €lirl Ffilr .a F,..-r ,tlieEal€
re<r6 rq:-- firqa r 'iaftirlt' ercrfi= a<E ia cr rilEr ci. (<.] ?_164
(: iin 5]3 <E< ?Trl qofte, )sb) ryIFi fitlnli]I3 4T :r.r"ie qq 1B;p64
1-"l- ,f ati ,t- nl

:!E,t qtr"t 15l fi3-ll ar--!-r ,oEiq lEhEfit. $c.er-t a?a ii.l
+:iro Eho {ra rR.Nr-. ,!< fulZS ari qi:i-]"Ir E{. !-,i- -l-.rc C1 e+rii"f
lFq qtq +r-<Er-r rn T{9r ?or< ia.t-:r? E- iE isrijifi
'aFirz:Irn ft:ir.? -la,ir qt.eg i"IE -rr; Ca liEitd "iriIildi
Iq:ll"l,r Aa9 ir1] .gr<-< FGi:E, fu_q ..,-t'rr

<<li q]{fl lsET"l i,rtft"< lero IJ,r- (ri"l i< i<rf= qfieii
rj.:.t{1 Elid'{sr:iica 1.9 {- @ fifuE alr,ei il-[.rE l(]o(riticd
\\ | helnr 1 .ibnirl +,1R ti-Jn i?f- ms 1;T <'rarr rru= fifa :tr,g :ri
ni'fir,r -Ftr< si{€F5 +a{i rrlF !-rn f1ot F-i-i- ["io-1r< rtrr,,,

) )r.



Phirosophy) €lrrF{< EFn aFr:fi.E? Ert{Frq "lY{l ar4 EiFr ffi fi(q
Frqi fifu< (Livy) 61i qrllr]l EfrE iie<q <i "ns qfli-r El{l FE{ -1-T{,

i5m ak <ai <{.T< qtT'ltr &T sk1ft"ftE q]T€ 6r{a q< 1" i-fi 1fu{E
qritTd FlT{, qK q4i T{a "r9f5 4l 'iEFi q&rc c"n3q {{(e;1 Gl

{Gnnc< efi- '! l$nfu EE{ FIFi-"Iffi r"slr E[{'L-F ffi'r {"]i
Ffrrc:i GfrE -rqffi ?9(o -mcr. 4:.{Frqs ft+ cdqrn qqiF )'es)

'i]7dn 
rKseli:{. 'Tl< ,l;K <a= TlrIR i9=ffifi65 elr{r +r<a ,!l"ll-cn ffi

qEn {9a - qi Fl+ih ft-<ra< arn Eq r+l4k, lllfrfr€ q<( s+id
qlx ftsrnl.ri+I[i ruI?n eq ,3 n\dEE {] ar -l'EI li6]n € E6 Bs{ ffiGi
corEntv I€ iFEfu4 r ),ew qrr. fubr :t'tr '2r<R fi{A &r]< 'J{rA'
GgFi r.{co <is atffiE o,n qFc.r3 qffi fuii< e{ft <"rii 1i-€ Trr rr
T(4 Etrr laa,r iiIE fis$ {4 al linc <! ftfi cF c 4E1&'l E'11'J

T<r4i. qK .oa€ fi-{ cczTra fu3 qrrfi r qidi Gfi qrfu ({i<t{)
(Alrdof, Nrrnberg) iBFoffirs vfur Gii< 1i.-{{'I{4{ er<{ (disserta-

rroi) flFlE F{FIi qrnlI Gft o ii+Ei. :rra 
'lc" e?E{a{< fi alq F{<l<

Ei[€ qflTt{tE c']r{n r lfu at1fi6 erGF4ra< fi a?q q +r< *iEni
4fi'r< .rm ++r<a f{< +t< I;gGrm ;n<;? qla Fmf< Tfi r5fu ryffi
rat -t * ""a ^ 6{rdn .i ".{t "?.nlr cnir5 .< 5r.6ii,tt- r^.o'

Mdiz) €Ei ErsT- {.1 cr, ffi qEn 1ET {lslrd< E n ErffiqlF ftcq<

r.{rit fi{g +rr* r "rc< ffi qr++ ?<pfr+ Frn (diploniaac mission) q

cefiE aa e? lqlr ffi <]ffi+ ii:rme +rr+i er<{ cqrrF L ,!t{<
o<tq< qc<j qrn€ EftE ft{ c{, E't= iEcrft{ ,ifuri kmsa onfifi< qtq

flh fro 
'r1 <rai r{( .llR< qa" 1itftE <an F6rqr ft+rh q.trrs +{ro 'rli3;

ol'<E q{rfiri lt{i E!r4 +1< a{€lr r]1<, qI< +ir.fi -]&€ 11* 4l< r s{
Tro 196{ .Xi llt<ficr?r rero 'ttirqa qI\,- TM?46r q'fo lict'< elE
q .re€ kErF+ q'rcsi a{i qre <r&q Erffiq ni:.,;t!li qrir.
$qftt, fft'ftetq, "r, dfrr.n, ilfirn (rheotog:,). :rqfuEF (Mechanicr,

qFrofr@F ?Etrlh ftl1,s qarF e|{{ l-al trl]Ele Fl-Tfusnr q]3 "it5lr4<
fiw <ro< lCatcularing rnachine) ('lr <qeI'i Cl, ,lTfr fiTl<-'rds E's-rT{

.ffiET{ qe {.d eI c: n-l?rnl ;ln, T{aq ,e"1, sf't 
'e 

<'lg sm{"r fi{:r]
dfi]< Em-rt€ Qr I ,!,jr REruFq-sn flrE q4rIG\3 {.r &a-.r ft1TE EIriE

F{aEd )ir9.c cnft qBinli l]tl &fi cTq q< tre+if,<F s<T c?L$

ffim p lilr< iqmsc ui{n {.<i ,ei r{{ jifi TrF fiT{tt6i
mr.@ir€t €r-{<ft'ft Trz ,:q"fi {.{ Ec cqrqtii}n rF1l dr:r fiat<--rq eqfi
Tr{n A <sT<i ffi kTtq ffi?ltrEj GF(Ei (pR S ) Be|i{ 'ui

d"ir.m3i lre?rs t



qr{1ics ft{{r< 'r< ),ei8 cra z(t{iiq lcs{ Trft TITT Tars6 iTr
E"t"r'iql stfiEk Flircn <rE su6i<lfs srrfiT lE GIrfi | srsdaid
qetr]< 1tr{{ c, fitb;r q]1,]l q$'l qk]Il <r<qR :Fa<re-n I )\eq\e c]rq
epi<r'k ,n<+' fiEfir 4ftf,1sr-r qFfr ?E crc"Il. sris ffim
'r&eqj<q (binominll expansion), s:lsflFl clft (infinne serie, tqii
fiT.{ qirETFai 6q r qefl1n dtffi qk€ ftotfio <Jl.Bl (Dm rt tn

frti.r c< l6l,iqem fficqr, "rz< 
Et Ei"tE ia1 th rfllQ-4i qE clF

rs<j rFfu-an ..] ffi (Fffir) ),esb irrii ?]]r"k Ftt 6m 4<l-s-fr.rt{r

tr{i< q"iritr ,!TA {Tq qfiIq rn<E.aa {tc]F, Fffi{ 4E<Fiqlr EG

qfuit" a{Tl\s qa-rq <l ?ril'i mfi, {<( qr eB& 6,tt"n r<rq q+6t dTIIFi

"irffiE4-
6a ccd ae l3e ff 7i 3l 9n.lo4qrr 4s9tl2vx

frBRrffi tsrEfiB &d. eftF d aE{icq< Tlrs €ifl-i nl $I< "ll< c$Tr\r

,Ta Fr6- {aE. l.6z az "ian< iE_dd dce ri< 6fle fifl3F .r'tc <

ftr-<, fiEirr< rcgr e&smA sfu m:r+ +m 6m q! E€r-1T< d6-q
4tffiaF{ ']Iq El'J {ai fi65 aE sli'qr Ea:]&rea | {l (Iir. Er{r.lIa frii
aftFqra ft.rrEra;r '-f.1 (<{r< iila- afu' F t(n< Eial E"rl< i;li q]al

qIq sT]I<€ itft Gl< afurt ffi {l or< Efi'n ,!TF ffi fi-GI r']'r'l

fiiI]rEF-{ r (qFm -t'1 cnrlr< q.,fiil e]fuiftT 'o,{t.5 f-{< e,"rla' q. ,{.]-
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