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example, white light LEDs that provide significant output power across the visible spectrum. 

Broad spectrum or white light LEDs are also attractive in biological applications such as PCR, 

since they allow for a broad range of dyes or markers to be used in a single sample or 

instrument. However, high power LEDs can have large power and spectral variations from the 

5 nominal specification. Thus, various LEDs having the same part number or output specification 

may result in unacceptably large instrument to instrument variation, particularly would couple 

with other system tolerance variation (e.g., variations in filter and beamsplitter optical 

characteristics). Thus, there exists a need for better control and calibration systems, devices, 

and methods when attempting to incorporate high power, broad spectrum LED into biological 

10 instruments. 

SUMMARY 

An aspect of the present invention provides a method of performing an biological 

assay, comprising! 

providing an instrument including an optical system including a light emitting diode, 

15 an optical sensor, a sample processing system configured to retain a sample holder comprising 

one or more sample cells, and a calibration target is disposed within the instrument; 

measuring an output from the optical sensor over a first predetermined duty cycle of 

the light emitting diode; 

performing at least one of an interpolation or extrapolation; 

20 calculating a duty cycle to produce a predetermined nominal optical sensor output; 

first adjusting the light emitting diode duty cycle to produce the calculated duty cycle; 

measuring a fluorescence radiation from a sample based on the calculated duty cycle. 

Aft€#aei^isge64^:4feH3H»i^^ is also disclosed a method of 

calibrating an instrument for performing an biological assay, comprising: 

25 providing an instrument including: 

a sample processing system configured to retain a sample holder comprising one or 

more sample cells; 

an excitation source configured to produce one or more excitation beams; 
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an excitation optical system configured to direct the one or more excitation beams 

toward a plurality of samples retained by the sample processing system; 

an instrument optical sensor configured to receive emission beams from the one or 

more sample cells; 

an emission optical system configured to direct one or more emission beams from 

the sample processing system to the optical sensor; 

a first excitation filter having a transmission wavelength band including only 

wavelengths that are less than the minima wavelength, first excitation filter 

configured to filter electromagnetic radiation from the excitation source; 

a second excitation filter having a transmission wavelength band including only 

wavelengths that are greater than the minima wavelength, second excitation 

filter configured to filter electromagnetic radiation from the excitation source; 

and 

a third excitation filter having a transmission wavelength band including only 

wavelengths that are greater than the minima wavelength, third excitation filter 

configured to filter electromagnetic radiation from the excitation source, 

providing a reference material configured to produce a fluorescent signal at the optical 

sensor in response to illumination by electromagnetic radiation from the excitation source; 

filtering electromagnetic radiation from the excitation source using the second 

excitation filter to produce a filtered excitation beam; 

illuminating the reference material with the filtered excitation beam to produce an 

emission beam; 

detecting at least a portion of the emission beam using a calibration sensor; and 

calibrating an optical output of the light source based on the at least a portion of the 

detected emission beam. 

uA^notiiei 1 tb £.• m v ention p'l o/There is also disclosed an instrument 

for biological analysis, comprising: 

a sample processing system configured to retain a sample holder comprising one or 

more sample cells; 
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an excitation source configured to produce one or more excitation beams; 

an excitation optical system configured to direct the one or more excitation beams 

toward a plurality of samples retained by the sample processing system; 

an instrument optical sensor configured to receive emission beams from the one or 

5 more sample cells; 

an emission optical system configured to direct one or more emission beams from the 

sample processing system to the optical sensor; 

wherein the excitation source is characterized by a spectral function of output power 

or intensity of the excitation source verses wavelength of output power or intensity, the spectral 

10 function comprising: 

a minima wavelength corresponding to a local minima value of the output power or 

intensity; 

a first maxima wavelength corresponding to a first local maxima of output power or 

intensity, the output power or intensity at the first local maxima being greater 

15 than the output power or intensity at any wavelength less than the minima 

wavelength; 

a second maxima wavelength corresponding to a second local maxima of output 

power or intensity, the output power or intensity at the second local maxima 

being greater than the output at any wavelength greater than the minima 

20 wavelength; 

the minima wavelength has a value that is between the first maxima wavelength and the 

second maxima wavelength. 

re is also disclosed an instrument 

for biological analysis, comprising: 

25 a sample processing system configured to retain a first sample holder comprising a 

first plurality of sample cells and a second sample holder comprising a second plurality of 

sample cells, wherein at least one of (a) a number of the sample cells or (b) a characteristic 

dimension of the sample cells is different between the first sample holder and the second sample 

holder; 
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an excitation source configured to produce one or more excitation beams; 

an excitation optical system configured to direct the one or more excitation beams 

toward a plurality of samples retained by the sample processing system; 

an optical sensor configured to receive emission beams from the first plurality of 

sample cells and configured to receive emission beams from the second plurality of sample cells; 

an emission optical system configured to direct the emission beams to the optical 

sensor; 

an excitation source temperature controller comprising a temperature sensor thermally 

coupled to the excitation source; 

an electronic processor; and 

a storage device including data comprising a first target temperature for the first sample 

holder and a second target temperature for the second sample holder that is unequal to the first 

target temperature. 

is also disclosed an instrument 

for biological analysis, comprising: 

a sample processing system configured to retain a first sample holder comprising a first 

plurality of sample cells and a second sample holder comprising a second plurality of sample 

cells, wherein at least one of (a) a number of the sample cells or (b) a characteristic dimension of 

the sample cells is different between the first sample holder and the second sample holder; 

an excitation source configured to produce one or more excitation beams; 

an excitation optical system configured to direct the one or more excitation beams 

toward a plurality of samples retained by the sample processing system; 

an optical sensor configured to receive emission beams from the first plurality of 

sample cells and configured to receive emission beams from the second plurality of sample cells; 

an emission optical system configured to direct the emission beams to the optical 

sensor; 



WHAT IS CLAIMED IS: 

1. A method of performing an biological assay, comprising; 

providing an instrument including an optical system including a light emitting diode, 

an optical sensor, a sample processing system configured to retain a sample holder comprising 

one or more sample cells, and a calibration target is disposed within the instrument; 

measuring an output from the optical sensor over a first predetermined duty cycle of 

the light emitting diode; 

performing at least one of an interpolation or extrapolation; 

calculating a duty cycle to produce a predetermined nominal optical sensor output; 

first adjusting the light emitting diode duty cycle to produce the calculated duty cycle; 

measuring a fluorescence radiation from a sample based on the calculated duty cycle. 

2. The method of claim 1, farther comprising measuring the output from the optical sensor 

after the first adjusting step, wherein if the measurement is not within the—a 

predetermined tolerance, measuring an output from the optical sensor over a second 

predetermined duty cycle of light emitting diode, performing at least one of an 

interpolation or extrapolation, and calculating a duty cycle to produce the 

predetermined nominal optical sensor output, and second adjusting the light emitting 

diode duty cycle to produce the newly calculated duty cycle. 

3. The method of claim 4-2, further comprising measuring the output from the optical. 

sensor after the second adjusting step, wherein if the measurement is not within the 

predetermined tolerance, reporting a calibration failure. 
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•fi lfr.»y o <vt-.als /••* yo/j •» o f;.i / f-l-» o, ws fvti 1 An * oytyi iii'Xwrv/twwii \/ i O- cr?i. I'i •^vs%^ r ctt^xtXTTvrrf XXTTJXI VI 6XT\7TV%I7TTXTTTX7V[ CTXTXIX VW^ trox* 

U 4'ki^l v |f,'i v?'i trirtiSrtt i ""WxtVC' 1UT1 

•i-YSht-i f*i I tc:y.f* In t rt n «-> »-> f >v> n n m i t1; < ,A iifn rs.*f (r.>K> >• yt;k Tt <•> ft r 1 -t ?-»I > n .-1 11-\ /-y /t n 1 -c txXTlX ivix'twl' rixl Viiig O ix«xixTixiX^TtTi\xrr rFCi"V v;i'\7iTgx.n s.Jcliiv^ nxcx 

a I f .ill 'ffo «n» f It liifaj. m t '8 -"j itrotfal o-.l.-.l.i. avtvifnli i-\ l-j 1 fat;. A iv 
T17w I tXiCl'IT CXI\7 "I iXFi iiJl J (A vYTTv^'A wTXETiTZ L OlXCl fc/SAXr VCCXiXlXt OTIt V- r vv?IiTiEui"tAl Cv 

_..... /^myiri o-it-t n ~y~i rxiicrxrjcrrtTTtTiXKTi 11 cxxxxrir~tx: rciiii ivi \> x 

• CWlti 

p. nf A ro fi-a .. /'j QT n AQ i yt/t Vi i /1 1 ft < v Jatn />/> T!1 ^-21 yVO" (X'A j 1A fii n. km-jarl t'W-- />'"> K1t,»-/aii r\i-\ r\ I'" -f l-t Vi vTt.X/i.i-iSjV/ CtvTlVv IIIvi' W'S-l'iX.t'g CvtCtXt *^\TTXrp7TXC»iTlt/ t-i 1 t tj x Ullvli OXtiXC cnXtT\7\3 Vxr'iTXTTTtTrCt t'.l V/TJ vTT tXT 

AVAIfoi<Af> ifH'IA x<c<"-,> r>-f- flip ^AAAn/I pvAifnti/vn fxlt'Ai-VTTSXTTMXSXTIT^CTT/OXVO CTCravu V7XI CTlXy Cfo1C v/XxTTTC Ci\j\.jK.}ilXX vAviltitivEFli i IvI , 

•sen f-f-s-n 1 -r\"% em f- 1'/' tiitTrrxixrtt.il t i.v 

o potv^ys I a -n-t^A AQO pm A ft/ffQi-w ri-tt li /Yt:iy'jp.zl 1'f\ c OL rra*^ I A 1t/-\1 /~l ^>1- AAmmnnmn' <• IX ">all TjptC |.TT\^^XMTtTIXf^ y a I vttl Cv/.ii TX7 FX;x tctl.XI tX tt IfTt tTCt I Iljltl OXJ.fXiwl tsXTtT'C^ftiCyiTf^ C 

•Pt i»<-i f- In »««"» I-t^-r ? 'f~ f v\ 1 t-i. /» I <1 ry fi A *-t [•> r.iti"* /xt-'tA oo-mn.lA. }t s\ 1 A (.%%* ttt i tt c* rs c / I /\ • XXTOT |TnxrrrriTj x,5tXTi'x|TTX,; vvirs otiu o: KTWSC"8C/TIO rrcrrrrpiw Txv7T'cr?»7i i»5^Txixr|.'«~xiTiTig OXXT^WXTIKI jyittxiXi.111 j ?rj'. 

o /t-s-'vt ii-vl <r.^ r-= r\ 11 r-» « < ? It ovr-n rt rt f 1 oocii /•>-»-% ^ /"\ 1 ( r\\ '~t «-•>.« 1 »tt |-> f \ f' jf-lt fon^f^l A A<» /It \ ^ /-> 1-, Q t'n /-> oily oiiii'ipx^ ^^rixr; vv siwi vixx ixt' TVITSI XTO%7™XTT ^O~/ CI ovi vrx CTTC ^3C0xXpTC cxrrrr? en \XTT « oxixii «wti^riac.ii 

/} 1 i-v» /.^ tt ti t it /-%•!•• i- In AA 11 O •> o T/jO./'.i»r'i I'lnf;'- :f 1 yQi::....o,.Q..yyi.it. I /:?> It / > } A W '*ir%A giaAiinrl nomit!/, ternXxexnxXtDTnr v.l u lv auj.i 11./1V' v vli K> IK> ^ V i iv TTTJ i. k>Uf.ii|.;lVj iIUIUv! TXJI\:s. P. A Vy X>X^t\- J 1 iXS i3«I'lll; 

itll'" C'X'01rl^rt'lr€H"l S'Otll £0""P'FO(iilCC Oflfcj~01 

frvumwl n 11 tt-«-ii I «t t >• /-\P ivvn-m l.::>».-' m i3<~1 K^r f l-t <r.y o •! m :tt..La,..mti'.> A acjqi tt Qr. n»ctfatw x\_/ vv o |7ixtxxixrrj:^:ri:"^csiX£|Tiwo rvTOiii.v\rtjy^ aiu |_/I CXCA-/I,TDI. 

.out /"ittf» o <11 fancAr.. / •> /\ t-t l-i /ft 1 ra/1 i f\ . yaAai t rfi» ami q gi A n . . ko n m P •f'V.rvyv-; tit 1 •» •; fn 1 -i 1 y ,- ...,/;y;f ctxi tTpxxvxri CTO'jiijvn ?;xcTTixir£r'C?i'ixx rexxrve vii.iixyoxxxri ocxxirix»3 TI\rrrt cttx,7 "irixfrc j/xciTxxrtxj" KTt 

I ,.-\ siftA & syij if~£3tA T >-<3 ant •». •, o ^-} »--» ? t T t'" j 1 i tx f /~f,4* c> i.-\ } i:>. iyctrtT|Ttx3 c^TtxD t*xx0^CT/t.'ixi.'^0x\PXt itf I VTCT V''V" vixxx'Ok>.iK/'.o^X7Vccxi'x>3 ooxo ti.lv 3v^Tvvtxvi pxcrrnTxt^ xyt OLI.II 

ppllr;. 
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/-y»n1 t «-•» <•* I o-H.rci-c^w\ <->/vtn f, <-yi t^/A/l fry A.t.y^/yf f H <v.*t->n IQI'I s\f\ ko'.«!-> o tr\ tlxcs fxfY XZXJiti.i.^ilTX/XXCvTXXTT\T%Jr tTiO Ksi l.tiXjoiv/i 1 C/viTXI 1D t v/ ilXv/ v/|x .,...t.,..tl:.;/-*.q| KTtjttXsTXT. 

Xkx: r"' UA WI ttrt I\J k. i mltGllOl 11SiFI;£J• 0:11 :fc01rril3'0F0ftl¥0~^j0ftSOt illQTlTi.mrrS 

Hbt^'OfxxC/ fxPOP-tviT;,'VIvvl. 

/-I £s.x •/-•< r*£a | -i"t / -»11 i /-I » n <-v /-I e\ f <n in i~\ mn •}"% noittij- o f .-.lycj-f •..,. f nrfvai t<-.:v»nn tn oi-nh t tine* f ij-oi, uCvTvv iiivnxicixrigr" vrrftx«. wxj1 rx|™i ityrrig xc rrxor cixrxrcxtv11r|TCxixfx?rpc; xVTIUTC IXFDT 

iiaj'nnlA "In / \ 1 z-4 t.n- cun/^I o p ,rn/n • -> *n /-I tfHVfAf f» yfl P/t t- i-fnr.:* o cxr^rxY-, / j t-N o -»">n-i~» I s.x It <-\1 / I or- i fn i i c' i * m a<-M i «> i t'TCtTli Ij iC '"iJAJ'I'O.'SS'f Co.itj." ci CTOtTOXTO 17QX^€X C^X IT|77WIXiCCTi V? TXJi CXlw DvCuflu: t.?tii.i ljk/Aw ixO iXJ-wi tlxCTt lef i4iiwi.|»«I 

-j-V> yt Qt'fii i-t P TV.> IXri'TvTTXrt vll. v/» 

1 1 Tln.cs. •» -j-n n1-t-iii-<i <r.*«nt <-\-p nlniw 1 j\ -t t rin <a.i«/rvt nn •fin Q. ..cjf 'Ayjl (TP- •• • fi 71 Q . AAtY>nf<oaf . •» npt'*' '^nt « .rwx i-s-l~n t rtv/ ixToTi ciiTt^^ix vxicnxrrrrr rxn;wxtX/TTrrrr^rrrwOR/rcrgv awiw cviiipi racs ilisonrac^riTTrn^ tx 

AA-nff A1 .O otfotam f am naro f»igo ir\ fit •l-j-j-f'i ioycrpt fjon.ytit orn i"i •» •*«£» i;, 7 jnctiin tin /a 4ifof' f r\ tn~, T-» 1 £ vtrTTrtxTTt a D^T^rt^Tri TK^xT^pxsT^&txtr^z txj txiw xTT"crt cxxxr^%rt iviiipviwixiiv w'livo TIIV nrax >,JttxiX|TI~ 

k /\ 1 A .-:»• if ktr fk r.x i t-vf-f- t-t i t-v> fr\ f* t,,/\ 1 o t ~s /-» tr>. fin c..\ oa/vm/ xtt^ixttvi i'a i ̂ TtrixT'lxc-vl iJ J* ixto iiTotri iiill^iii; u;iivt tt? \.fi ixi KJ I ti sj ̂ twi.l i • xwxi i pviIUI w io alxriswtTtK 

t 'iT^rVjCif' tt r k ii fo I Q . .{->.A { I'Qt.QinQrl t: r i\-\ i::% iwcirn f tTtr^vi Cv^TlJpt^i IxvCtTw \*V OCJ.i liiti .Lli Li t a CtFijr|/X wr^riTTICfC' I TJTv VkXT'TTK/Xt^Tjy Vl'iyzTTTinT^U^rTrOxTVT 

I -~j r|-^ J i-s«» imani /A •(• Alorm I A rli -yt __i;K o o «3im.n 1 o ntywoi'miicr C.?J _« o. pnnli rri t-f^/-| r2-rT™x~iT^™rtTD'o~i^TiTi'v^TL KTT. xmxrrtt YTTTCTI V.»..TI tnv oo;iis.|.7i.c- |.7i•iTcctVkTiii'g rryfftvm r^r i^^txirv^ct tt. 

>t" <i y-l /-I t it o I c.vf.ttnms-^ I In I /"1 /-•> /"»nri <.' i n<\ o t-%11 «yo 1 t i \ r 'f cawnlt "I: xxtXTTv/ Clt:ri.iiti:i7i;i«l DTtrri|Tr%? rrvTixtvx >.? wcrc/Tt c^rri.TpTXi!xrxTg ct privii ctxiX'j? \/x Ivtui r.t \7T 

4r 
TiTvTITilTITXIi. 

f ilnct. pami^la /"* i'"* 1 I f ...i.o A t I (f irw AW f:». e~\ v t'/.v c\ A A t ft <:> 1 . .oo-rta..y?>i.<3» It r\ 1 /"j s:\i'o oc \7:i'"'""ti iv k>arn.p i w vviik> rD CQi i vi wii.i iui rrxv? xyrrv? en ixxvxrw txcrorrtrvTrxixi mxTrrpix- xroruorn xct 

AAwvtn is\ (.1.1 f'ln i-i vof fomnla !-•? 1 / j r' <•>•»" -fl-wi f. 1 s.\ 1n r-v, 1 A of ^v';i'ii|'xCCl'tv/ titLivi ^ii^iii jtrDiXiiip iv i .roisjci \xx tixv 0vvC7o'0"'l'JiXrojTxixr^T\TX^:wt'''» 

Tin /r> infjyiimo-nt /-f4' <••» 1 a !i-n 1 A T t i\-x rs c:>. . f gyf:spt..tQtv-»i'ta»«oti I^Q IO n torn f"a;»yo /'> P t-1-\ /. 1.-J1V Ttxoli t4111C-i.it K) 1: v/ixrixri 1\7%. vv liwi vlix tilw ill Di vcrrgvx tvxxx|7v.i ciiwi w io ti tvi^etiJ. W t;11 - t.ii% 

i In o 1 Dont-Ai-. o i-ATTLittAroini'it f fln/:\ Ptyir'f Q f} T>1 T\ 1 H/"i j <-f o;-ti'i.vr• fx1111 st?ix5t/n tt v,\7tT:rpv,itxxtxTX^xrri iiiv xo iji 3ixox|/iv- rroixivii xrt. u. ivri.iA|^viTTrcttirv; ox 

/"tm o. oriti^nl /:v /ivr^^-i-o-ien o.A i -rx tin .c>, Tt trf c fi inny^i^ I'Vf^--j/''| pf 11 T\-X/„•>,%••!:.. . tTlxC octtirpTw CTytTtxrrrrc?vt rri crrw 11.1 ox rrarrrrpTv IJXJ LKIXTTT u'liis wiiurvio ti i 

- . • •— , r,. ,.*f:.. ,.l..<r.>o of ciro tfrut -iXsUirt 

rhotyi^l i-i ci /^.v >~t r\ f f 'i-% a, n a rx-n /i c> <~, . Lxx^xxxxKi jvliuut'i ti^'ix7lxl|x^x'wt't.tx'w ut ttiv Dwvllil &ii.i.i£T.TT€j 

1-s r\ 1 A an AI1 Q famno f'ltrn'Q /~\ I «il: 1 an nf r\.v\ c?- onwnla i"»An ;-tn >-?n j- In <o, p /-'\/'»/>->n A iy mttl o In r\ 1 / l«". Ttxnxia' xvrrxpvTTiTXTTrctixiprvT-xTTrrrrcrixr^r-TO rrixr~tyX7^\rnivr~THTixxpTv~TT^^ 

i t"» X 
/•*»n f f\'(" 'i-i 1 f\ -%.%;r|-%.fxtrptt f fn r.\ fon-inaiHi t~» i i*a, i-iawiAy to . AAflfi m-tya/l f A y,j,y:-s."»; f's fX /:x <y "viic cn~^7rcn:Tr!—rtr; wirci viir xiiv twiix|r/V'j. uiuiv: ovi tovi 11>"vv/iii'rgurvu KJ pTvrvia.w xx 

c > < y »•» 1 In ^"» <' <-> /"I f a-nn n a>«ts fi ira /% P ft /•» <;ex In <• > S /~| i- f\ ?" ^-ym A-na f M* 'n-iAyo /"t -p i-stf y i va 1 g is 7 y-v -P trr^xiox uuiycti uit CT txrrrx|Tv^Txtxrrxp ui xx onxrrprv ixx/roc?! DI OTI tnrv C»T iiiui v vi cr~~|./.1.ui ui1crx' 

£i*i.t33-txlti> ax^sl 1 o fAP f'f-^tx r1 npr OXO.i.i|J,fcO~'wvTf.'tOTV'^ iwlJipTv'IIU.iuvl « 

1 S. ' Pin «•.:?. l.f'i xxtxa 1s" of AIHI -I-V> 1 (\ \x! It fsi'sii tn tin /.A -•"» -j i fi i a f\ tn o j.-ir/n p, inn 1 « i <D.-»n'» •« 1't-»-tn / Y_ /*! 7 r>/"l ».:> T~7~ :l;"ix'\v'""'ii.ioiitJxiiiOi'ri \ri.^iafxrr '1 Wiivrvill ti.iv OTYvitOtix/xi riT/xtivv' 'lo ct Tt'lii, 11.i v.rn.ittilix/crv. 
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ittirr* die ~xtv tr.rtjA:rxu:T!X7Trv 

v-v.i It'li:./!1' I i3"ii l'l~ Vi~~Ti:%'Cij%:t i T£ ify»if ../a.f . o. ^ 1 an <\-t l-t -I' \>\ -f 71 O 1 l"i 1 ;Vi x£-tlx6 

xtrrr; cr 

-pxrrrxzi ou. ip 

f-Kp- 1 ; <ykl .o. 8 t /v j--rF/vvtXIITrolCtTvTi.V^.l U. +m i •{• f1-% <--. j-jTrrrriTm: 

in .t:.. gf ii 

vUv ita "TiXTg CEpumTT 'OTiTpXTC CIi4.1I IT! 

•rfrl-s •¥<•''!Ti ffC-j . r-ff'^TY't / 
i'V'' I'X'OIIX if. £ti """.I" \f ijvtvcxr <E> rg? 

1 /"> til 

i 7VU /\ lyintytH-vsayif /-vl /-«1 o t f%/\ 1 (\ -f\•? r» f 1-s /,->.y ?"*?"% Tlll^t* i Q ! n» .<*. fyyf-r^ ? >-•» o-/'1 q amnl Q "K /y 1 r\ , rt~i—1rxf.v "T'iTo'tTxlxrrwltt \Tt k/It5liiiTX/z; i cTi tiTC-i 0v70.iiii ioiiiii ct rwtaincti DwTirt/xv' iiuivr 

, 1-\\/ ;fcl< 

ill'S'l': 

tTAi*ri.v"\s O y 

O t'A 1-H 

n o-j-v^-j'% 1 
. iTD~^-tyCIXtl.Tw IT mt W rvv rHxIrgr© C'TO"Vttr0 l\ft0rfc TTtXPlX$<CfXrO 

C3"CTIvI 
-I'Vl / t I'l f;,: 'YXVf\ C f"'-- Q Q. *">.•?•"••• t.'t'i, trlv ,;,'pTvvvi!!>;3v/] ; w.i.'w Ail )Yt€0B'M¥B 

f'» *-> /•%• t I-i !>. f\- , . . v.rp-CTxrrrrr^ 

ci i in i 0-1 fflt 

«i 

fVT 

ran tv .... i fv o fntinnr ...1~p._. 
wl v't '',.1A i_Tx t. *vx i. - ff: rriv tvitt'lTt ill fx / r\f * i-t t^wxxrTC'i p. rrtrcn-ctri ~ ~TriT3rwt!y~*vrVt5T 

TIT3 
>11 ->fiy>| ff" 

via i; i iM."!!" 
./I VUViW 

/-j ifo Ay ir\ tl->< Tiipcrti-ii w uf tv? s~' i.ti.i.r Fecieter-ffl: 'ITTTVv.i. rpoixrcai:-' 

Hfti 

I'Atri a -t-'-s rl fi o ^ !-> rvl <"l t: 
T^,7XXviiilix.l ll IJ L\s i IwItK 

=e«fr4eiHB«fateK Tc/trr^v'' cuiT "I'i'ict'iii'tt.'i'n'it.'i.i"' i v.ri CT 

xip-

i ntoi -<•"> '\t"„ ,t H •'"• jl til^ XII lllv 

1 Q ^ iiii.'finin-)Qnf /-•» I' /'{rtim 1 1 tTrl-t i i->t i'S'x ^ (.'•if Aron-g /l ,-'.t.\ /•; fct. fa t ^ ' ~t~XTi—ti uoTCiit KTI oittii.ii i r ^ vv iiOT\7i:ii rixCuftx7iii^'w\iWvi wi"Tonrt.TTC7i c^tTrrrfrjr: l'tyvO~tr7TTw 'O'l fftOi*€ 

Q P r 1-i <-y{-j i r\ s i~e. cxri o f 

^O- "fcl~~JvV ui'fi'H' >| r>r u "rtiTig •" KTrgtixtT~tn "ixctxt~txj:i \7p7'vtTTrrtrr •t-afl-epeFat«3-» 

i^% n f tn ;m jO-t^r ft r li c\i'\ 
Li^il Uliiwllt W tic^ti 

/•"| Aft.»rn-» i cxrt j-1-% o 
utilvi Ilililvii ti..i.M 

•%} i>....l^Q.|.r1 

y'/ y r.'.vf- 1 •» < rx 4' fl-% ^ fiv. 
IKX7t twriliJ vi i-ilU.1 V' TTT O J.XV S7 TxTv nXT 

LJAXJXXJX.. 

.....f|t^ yfi cr.io. ,<a.t rii pi f.a» 4t fi' IT cn.t1 n n <:.:•>. /"» »• •mnya 
v/si'^ V/t j;l"i'vt© 

1cifr xjltytX to tlie rniperaii fly s-ee-e-e-Oti'tiCT T/I IXXv" 

0X1 \ T it f:v ofOTimant />'P /•» 1 o i t 1 InrmAf r\ n">-y> y-s Q i f_r fs OT /I /-.Vf / ; /"»• T; t' Tit?' im!ra«tnvli t AJ1 t7l.TXtrlt i /••« itll. isicr ct/i.lIprra11 Ci- iliviii.v>r^ ot Stl;i iXHw uv Vlvy V""0 K Ji x tc-iiH I lx 

mm LiTtTt i'^r/J XT'SwTTtXXtT -of- mim-nmi'Ti f <"i t-rn^t s-% ft ~i %' .iinriTam CXTI^TV- t tX7rTTpr VTTTCXX r ~ttri~gX7l. "tx?! "f 

CTTuiTrvv v/'I 

yf f 'K /: ""Tj"T \7Xt 

.iti- ri o u; k /Avii uixv/ii iTOxrrvTc- 'crrro ci xgn i vi i ipv 

\ -j~' ).'V"i., __________ 
Xvii ll./Vi V \)l. VrjXs%yS%,Xsfl,Cll'i't,''.li' C4-

i-t nAtvi 
iFiIUITT 

•f-o.-yy<i -s^-s ~ri 7 • 
W.l. I F|./ V.i Ct £ i,S-. fi-iyp I'll f 

1/-^TV7 latv^-WQyfa'irii-o 11 y>-\ 1 f" '.ltn/"! fit fyl-i. fianiwg txtw IVTVT tvlilov.s.wi:co;v ixsiirc OITO iiiv Aiiirxi cz/ir.ifjx limit-
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ILL i ft ofm /"vf /"• 1 O (X ^4 otamn -ttt-rt fir % -f tQyttof fa-n-mAf^fiira /t n-i )"»/.> ^ ttTDtrrtrrm^rrc tn daiiix ^zxrz, WTiufviTi trcrvn rixrrTxrg; XT^ct tcti wt~ tx/iTx|77\^xctret're VHXF tjt 

maintained if* lyisecl on wiiotlioi" tli.c sensor tcinpci*cttxi r O IS at or* 1^ctwc e n tlis low 
ioi-vtnm*nfnra } -t fr-s -j i t~t -f\ A f l-> o, Vv t f.jr.jh f /.y-f-'?-1,4 yyytf T^7Tirr|r>"W'i'0'Ci4.i ill£litO..Sli.i 0!ICrTTTgxrtwOT|Tw'i'Xitt.l.lX' X.&ii.litl 

10 ' I 'l-» -j yt f.it"! * i' i'\-P /v 1 <r'n i -yy* O / \ T -t /1-t /.yt-O-t i-i cf Afn/to /•! £-V5 >' t /'> .c* -f~i 3 g:vf ^A-mnyuiQO An Q f S t- t-x^ z~rzz~. l,,,1:i,w~t'iii!?'0'''«xixwli.'t,,,\.Jf,I' oi:cxsxrsrxxxx^VY^r^^CTratliv oii/r«gv uu v ivc TXii tlivi -ok/fti|jl"iovS" tJxro oi O'ttTrU 

1 -ir% ofi'i /-vf1 ss in, f< f./;v..o..£»fr t'li f-f"; w^:v irr\. %r>tVa'm .-"il f1-\ c >.•*<-> o / yy foi^ •»-» f-i sis«<o>..f f-yryf'. .m..p of. AI" •trrr»Trt^xrn.TrrTtT-ttxowt^txro Ttrrg^crc Cx^o'ip^i titCTrv tv/ ^•{XTCTQ \/X crrv OWITDT/XvQxw OTctx rs 

ft I ,--\-j t r rnfs rrA 1 t -yv-i 1 f • <"> f < /v1-> V<-.:.i.t-y> •» « <•/_•> j; oa_Li_ 
tTvtWw&tt CI" iXTYr 1X71.1 i|7\/tXTCOXw iS.'1'ii.i'i' O.iTCl Ct CCi 11 |J"CxTnrCYX'v^ XT1~0 it. 

O ^ I v1"\ •> »-•< fi -i- «•»-« » •'••yi '"> f \ i- j-\.f /"»1 r\ » fvi ^ {X 1 >i r !••> <r.'T»s''/r.>-9 m f*l'% c>. 1 i:~ ft 1 •» i-\~% -j -j fl-H l^.irviT^.n /.> i*nti 1 7«T7~; xrtc1 oriXTtxaTtTCxxt t7i vrcnTri 2T\Ts wiTC;i vv t\yixr|7wj,<xi'tirc iiiiiix^ 

I t -»-vi 1 f- i~ I '\ -Ch -s'-t ^ -g > o 1 ffn-i'vaf 4-/rftt*6-yj^ -i t*i^> y> »•<::.*. 1"« »"6 n />./-! <'.i~, 1-\ -n |gy (• A yt VI rt t-> A a '(" -i^ I •» t-fo 1-a 1'^ r /'••>. j-nfflttritTiX'X tllX/ oxTTrrolisu tcti:^%sV w utv UTuJ\j\i I/IT ixi^r~|TC-'TTxjri:Tt:c%:tVZ!K7~\yt:~~^TiXtTiX'TtATy ui 

0j'l OiJlS* 0"! EfirOt"© 

11-^ i nt an-ff TTitTtXTITnOrrnsT 

0.4 A »•-» fV\t- K»1/Syri/'v^ 1 ci ixix' i'litsti t Ttr/t t7t\jT\j^rtX7XXl 

it Q ft -$"%"% j Cfr •nfAAOPCIWl't ,'\ / -fl t'Vt 1 ln'Of CI O ^ 1 •< /-•* j /I •;* / > I ^n.S'\ J- 1 Tt ftycsxrrpTv- |7rt7'C^7t5tTi:iTg ^ryrft^txi c'v./rrri.gtrr^TO Tvrroxxi a :ri:i >.51 Tftri ixpTt^ o:t7'.tvt^;;i' OT?t'Tt.'|.7i"t;r7x:n'|~; tt 

Pt «,<if i'% 1 vi .yyal.ii'x ? /•% 'f on-mrtlo /"» f>.1 1 t:- f> 'V\ /'I ft i;1- <ri.<-> /% >-> <•! f o-<-r-» 1^.1 o 1-. 1 fti' /"•-- /'% t~i"r i'%f! t:~. f i-t ct f. c J;X> « A -t^l ~% i-t-o 1 % j- % i /'% 4~ 1lXD'i p''I.Cl i XTlTtj' 'C/"t PR3TIx|TrC^"X7CiTllIT$XrrC.t XX Bfcyul IO 3'iXTXTJ7 i\.; ITOTTCTCx i.II'| Ji'IOil'I " ci S^vT/lXvl |r7lXf.I TIT i T, ''' \TT 

r\i~ iaapf -?•* r>. r\f {s-\\ >~t nn nw c^y- f -f't-t f\ C 8"' "-f ^ j -•'*• /•> >"t1 1 o /-\t~ / W \ o /v 1-v «•> -t* «-< oft /'v cii- rvTtxtjr V*/IK; OT O IXW.rut/vi ox aiv octixx|i/ix? cxxir? cri XXTJ Q %jiix"ii fiwiQi.1 o 1,1.^^ 

/-I % ci-t1'\4 i'X'x A I '•'• / <'•> 1 1 o if' /"1i ff ^:yy/:.fK6l" |-^. ^ t ,• c$- f-j 'veX n fv fr*y> I ^3 l~i s~\ \ /'I ^ 
XtT^XJ'wlTiTTrvnro KTT''ITSXS ^CATXTI'TTX/ WCTE*'.E"O 1T5 ui .i.i Oi. i, H'vVti Olv iirSiCjuSi It/sv i.iX'li'K 

aft-e?^«^:teti©B-^KHtFee-e©efig«aFe44©-^f©daee-©a«-e^!-^H«fe-«xekatieHr%eamst 
•• x > f- r > ft /\ t% Anfiool ?f fam >-t An (~1 <vi i ft* A iy** ^'« 1 1"> i-\nQ /--t. '• t-^~> /"v t •/.•'» av Aitofi At^ 1~nr.no-y>t till ^T^X^TCitXtKJil. 0"|> ti.V'Ui y CTCOXTi Ct/i'ilIgtii wu Co tslivvl li.iw i/rro tTl. iiiv^i. v"' VAVrttliiviil i/wCllii 

o -jf% 1 j t-j-'rt 1 -j fn r -p ;-' -I'ytfS 1 i">. n rpfo mo/'l i~ l"j ^ pom-nla i-\ t"-r\/-•. -:r»c' c> -I -»-*^ / r p T ffij-oyvt » ^^^X!riyl~tx™|TTarTrrTEr5'Cll'Tl'f.TTv^?''x"0k\7%X''K>'J i.av k51TriI|JIC1 ^7TX/VwoixtlTg^TjTrCwXX.F, 

nw fvttf e /:> 1 /;fc i-~iC i'W" t"*f \ f\ 4~*j. tyt. i~ /"•• ^QA AI t I-A '•vyyt -if f7l:t/''j.i-;, l*it/.A/\-t-vt c (" •»•*/%-yrt 4-1-^/-n Pit'C'l' t^sA tj-t / iJwixsx'n. KxyTiTTjxxXf'xy^x- i,ir;;rccvrf v wrrrrcToiTjr? K/«xtxtirz% rrc/rrt VXTXD tXT7r(7~jjfXXtTxxxXj KJ 

A j' y n i->ri r A ^ (•> t;« » T*» ft r>f-yi'"; yv--',. -j-1-^. r< ->-> r» i »-»«-> 1 -t f x ; s~f 4- p 1 c. 
. .. '..W Wiliii.5vTl V/1.1 ' i../i '•'•'•'•'"tl'I'V I.3v.* ex pxcrrairrj OT OTXITTIXI. 

o «-t Am <<-*<•'» \ i-\j-1 /"»/> 1 i1; x rc^i'f^-e-t-% \ -(-•> <TI I t'r.tA i s\ / j t 8-,/.'T»/>f" awu'ci-t A n l^aftmp f/> f l-> <;* i s~> e11 
VtTJ CxxTI.' o i;?Av/ i i sTTpTtxCxtx .iJjDtvi'ii lIl'll^iA-1. wi CO OTxrX^X>T ^ i i.w '" CTVciiiiO irtT TITO 

seftsefj 
rufTt avA8t<vti-i/\i't nAtiivia 1 Qf z'' <"> nrmw « Y O tamnayofi jyq ciflnPAr o 11 x t nro~wA.cri'Tu Li vi ti •XKjXik wxTixi^'C; ot/ii.'tT\7xxc^\7tTrri^jrxoio^,;^.i c^Txx|../^.i cit Hi U'aWllou'1 lilvl ii nxx ry 

f-v />.T T«*\il <:.%/"l ..i'l'^ £5. ...izt.-ji ;./>.t i'..<3.1r..t Al-n fiAinyo' 
^XXXX^TS,X<Ji iXf^Jii\X XJI\'&YXX%Vr<Di t LnJul vCT 

pi » 3xtc|. 

tl StGI device 9 IIFSt 
tami->Arihi ff-i **<-\v-\ r\£* i1-\ of t c. »'ina/-fi;o1 i/x 1 i-t c.» f ifcf f am»Qr,.pf nt*o rq-nAa' 
vwixi|^^i',0"Cl^I''^; i'tt-iii^W eiliit It> \,ii» v^vjvicii iXJ tilv 11131 Ivmpvi twi V/ J, C4 
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Wj-i jr.***/.*"! f K ^ t•>•<. Q.f t 111 V :-• II t(> t trot vtii Ti tv wtrti r? v> J ctTctrvotro. rcr\.ri tX7i is w\. rxxjxxi.xxi r 

/vyt i't~i sn> 4~"t fii i t *n-a i-on >v o -0 ll-v p. ofsyrjyyf /A... |^/"-t.l./"l -r.s.<(« •, gi rafg y ?-> ,;wl I-s-j r j- I-T, <-..S. . en t »-y? a TTcu3X?v.i V7TTrtTw irrrTTt TwiiiT7i^.tTnrc«,,^,,,'iro'xi'i^'w vvTXvrx rnv ni a-t OCIXIAI^XV.' Iix:/res s^/ixrrrx'C'Ci. cr~v nix; iitisii uri'i'sc *•**?•"% I c:>> /"v I / "I n •i-nfn v ,-wl f-y, . T" 
fvvi •i-\ t"f~> yj \ •» ,-v<-•%•«•* ft -j-i-n'r-sr in>f- iv.~»»-v'< y» •f •» » ft?x I"». f, t, < r.\r\ f\-r\ ~f I t «-•. naAAyt /-I fv-»«-s,-» T» J <•<"» ynn/YA TI >l->/.v«t •( 1-w 

TXoXt ti../ jpT\CI tTvOt'jTl vl tXTrgv^t CwtTXp^^TttTtXTX^ OTulVVi VJTI tXTCrTwC-0;tTt%"~t^TlX|: XCTlXl'tXlC I'cti.lg'v^ TTIT^wTX tilt 

ic t-c3>-j o s t-to/ l kt.r tha -t-y^ t s-4-^ f.xt-^f TJTlxrii"»J>Jrvs.'W1 Li iv u,i>.>u miivm . 
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