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or)c \ftoukl Io(d\ tirr ih( ml[uhc{ur(r.s reto rrn.ndari
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.i.,]'q:,. ', 

,,.t,, ,,, -'r, ni x,, .",i,r , !.:i-.,.0r .!. i.,r:.r{. r,,!, :,r{, rt,:,, ! ,re.
''r. jhl,.:'ti,,r. | ..,t . ,.,,r,r, , .,,,,,,,.,-.r ,,



5li l)t t' (l oln rl I" t .ill^

intlort{rcina onl\ sphcrlcirl rlr.rrrrl()!r in rt w.ll ccntercd sisrcnr' lh(
lnst nrni(rblc cllrcl is l Ltrrcrirrg ol lhc(otrthslr'lthc inrrgti its (lclinilion

,,rtrr1 c!en irnl)r1)!e slighll). Howc!cr. rrorc sphcrical .rherrrli()rr $ill
(lcgrrcic dclinilion und cIr lnlkc il !crv P(!n lhc rirosl sen\ili!' lcsl
rrLl onr lhitl $ill i(lcnlilv pLrr. \phcricr,l rhcrrltion is thc sliLr tesl '

nri(1. $irh r rirhole in rn oPit.l'rc s l(lc q\') llsill rlsoin(l 'rlctherrr\
lo chrrlc thc luhc lclglh lo rcdtrcc the rl)errtLlion \ tubc lt gth tbal is

lu, short itrlr'rltrccs n.lcr(orrccli(tr. r cltirmtlcrislic of r sinrPl( ltns'

$he.us r lrbt ltngth lhnl is 1r!r knrg intr u(cs t) rtrcorrctl iur '

ther! i\ urr oplimLrm lubc lcnglh cqLri\rlerrl lo lh' lneclrtrnicli lrLbc

lcn!(h ()1 l6(l or lT0rnnr Il $hioh 1|c ollicrrl chrrlclcrislic\ ol lhe

ol)i.cl stlcc iu e lrs\rrrncLllo l.c cor]eeL lrrp cti.clhcrcissonrctolcrrrrtc
$ hich crr hc e\rrcssed ls ii lcrr!1h on .rch si(lc ol 1he orrimtrnr ro\i1io1r
r :.\/.1 r! lhin which th. obscr\'cf s c!c c nn{n cletccl lhc ltgrrclation
lr1)r thc oplinrLrm fhis lol(rrntt t(t.hNtrlt otlrbt lcngth is'll"tcd orrh

br thc uomeric{l :rPtrlur( ol lhe ohiecli\c in iiood ohiccli\(s \'rlLrcs

lirr this loL'runcc. rs dcl.rrninc(l h)' th. slu t'st rnd lir1 dr) (nrj('eti\cs

rilh lhc corrtcr covcl slip.lrc gi!err lf I:i!trre I:.linc 
^ 

I-irrr'B\ho$s
th. lolcr!nccs lllosc(l h! inrrnersion obicetivcs ol \'rrriotrs ttpcrlures

$ith or $ilhool x (ovcr slip When lhe r'.ecplrbilil\ ol a inritg' ol 1r

stcci r.n rNlhcr th:rn thc slrr lcst is lh. crilorion. thc t()lcrltcc m v

hec()nrc rho!1 cighl linrcs grcalcr' li r pholonricrl)grrrlh 1() bc nrrde wilh

r '1rntr 0.9aN\ (,1'jccli\. thi\ rLll(tr\:rhr \rLrrrrr on lrrin lhc \lricl
L)primLrnr \!oulil hrrl'orrlilmfr lJecrLrs. llie lL)L.rtLrrcc.!rrrfh is linctrr

orr logrrirhmic trpcr. 1h. olli!itl clcnrr,nrl liJr e\rcllv th. conect lrrbe

lcnsth dinrirish.s irrlier rrrficllv \!ilh decrctrs. in obiccli\c rpc Lnc

,,.r\ 'rr..'l 'l 'rrrr' r"ti'rr.
U'hcr !1,,.\il\inr f,rili(lcs:rccorcl;ng l(i si/c 1)\ )rctLI\ ol rr rcliclc in llrc

r)eficcc. i1 is corrrrrrorr f',rclitc lo rll.r lhe trrh. l.n!lh rrrrlillhe Inils ol

lhc rcliclc rrc.qUirl t(, c\ircl ilrlcgrirl !rumbcrs lhis it LrsLrrtll! si\c l)trr

thcrlk)Nrlrler(ilcrrucc.rtsgi\('n in l:istrre l l.nrLr\l b.kell in mind

I lrc oplimrr luhe lcnslh ol:r c(,r nrcr!irl (,biccljv. rrrr! not bc c\1rcll)

rhcsrr drrl 160or ll0rrrnr $ilh r stlrn(l:rrd colcr slif { or willroLrt one

il so coi.ct.d).-Ilris is litrgely l)eci'Lrs. thc scprrlrion ol sonre lc s

componcnl\ Lrliccls lhc vllrr. ol lh(] (iflimtrm lLLbc icnglli so po\!crllll!
thIl lhc.lenrcnls $otrl(l lirvi'to h. rdirrslcd \\ilhin nricron\ ol the

stcciliccl scfrrrtlion. llrcrclbre {hcn optin n lubc ltnsth i\ tcrJ itrr-

po anl. rs ir rnr!- wcll be rrl lri'rh nr:rgnilicutions a d high obicrtivc
rnerlLrre\. lhc oplifr(rrrr lLrl)e l.nglh shrnrld hc del.rnrintd lirr tht Parlitrtltr

\t.(lL,frd Li, , (lrlLrl(r.l \.\ lLnJ\'t\'r(lriLrrtrr!l'Lr Lrr Ithi\'lriL|l''
lnrrbrf,lrh.rr\1lr\rllrslhr\]\\rlLrrclcr.(llt''th:r'rlrrv'(lonLlL'l'r"l\r\
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ol)it(ti\r rnd. il fossll)lr. lin (hc firlicIliI \r.crri.rr rn(1 ir\ co!rr ghss.
,\lthourh lhi\ is tu)\l \cnrilivcl) (lonc sillr lhc sltLr l!sl. rr! lirc. $cll
Llclincd \lfrcrIrc w ll (lo: \rry lnc trrlrcl.s. inclu(liirg rlirr irr rIe lielLl.
rjll Llo. lhr i(liLLsr rcfl. in lhis cr\r. i\ ji)r rrr\ir)!rr slru0ress rLrd
,1in1,:,(r s ir , n,, l, ir\ i,, ,.v)lL'rir),,
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