Szivzn{ sjlirjvevih erh Ypvezispix
TIsxskvetl}

XTisvi Xiglriuyiw erh Tvegxigi

Erhvi{ Hezihle~}
Wglssp sj Tlsxskvetlng Eviw erh Wgnirgiw
Vsglrwxiv irwxxyxi sj Xiglrspsk}

X1 jsps{irk tekiw evi xhi xi|xye) vitvshygxsr

sj e xehmsrep wphi tviwirxexsr {ixl x11 ewwsgil
exith errsxexsrw jsv 1egl iqeki ew 1j xh1 gexivie)
{ew tviwirxih pzi+2

Eisrk {1 e kirivep irwvshygusr xs xhi xhisv}
erh tvegxgi sj tlsxskvetl} f} irzwifpi vehiexsr
eqsrk xliwi wihiw }sy {m ews Arh vijivirgiw
xs tvegxige) ettypgexsrw sj xhi zevisyw xighnuyiw
ezenefpn xs xh1 irhywxvield xiglrigey jsvirwg sv
gviexzi thsxskvetliv

X1 gexivie) ews ger F1 ywih ew e xyxsviep sr xl i
wyfiigx sj irjvevih erh ynvezispix tlsxskvetl}
erh ewwsgiexih xiglriuyiw? Lstijyn} }sy {m
Arh xIw gexiviey irxiviwark erh irjsvgexzi?






Fijsvi kixark wxevxih Ll xIi viwx sj xIi gexiviep lih
moi xs girxsr xlex xhw tviwirxexsr {m rsx gsziv
giwvelr xstigw xlex evi vijexih ir kirivep xivQw xs xli
geir xstug xlex {1 evi gsrgivrih {uxl2 Tlsxskvetl}
w tvigewn} gsrgivrih Lxl er eggyvexi vitviwirxexisr
sj wyfnigx gsisw? Ls{1ziv zeviexsrw ir gspsv vitvsl
hygusr ger fi eghizih f} gsrwvygxrk iqymwisrw
xlex emmkr sxlivxler tvstiv h}i je}iw xs xhi zevisyw
gsisw tviwirxir e wgiri2 XEiwi {sy)h i gepih ojewi
gsisv+ vitvshygxisrw?



Xhw w i |igtrAih £} xbi igeki wiir Livi2 lx {ew
gehi {ul gsisvirjvevih Aig2 Xhw oirh sj Al sv iqyjl
wisr w wirwixizi xs vih0 kviir erh fiyi erh ews irl
jvevih? X1 wirwmizi} xs fiyd w iwwirxep} ipqirexih
T} tisxskvethirk xlvsykl e }ips{ Axiv erh xlyw xli
xlvit iqymwisr je}iw evi rs{ wirwxizi xs kviir)vih
erhrjvevih erh xbiwi gsrws) xi g}er0l gekirxe erh
Yins{ h}iw jsvgih ir x1i Aig ew e viwypx sj i | tswyvi?

Wsqgixgiw xhw w vijiwih xs ew e éjewi gsisv+= iqyil
wisr Fyxr jegx x w er iqymwisr xlex wmqtp} nrxivevixw
viepx} hijjivirg} , Fyx tvihigxefp}- xler rsvgep gsjsv
Aigw hiwkrih xs vitvshygi vihl kviir erh fiyi ir e
wgiri gswigxy

XlIw w e gsqtevwwsr sj xli igekiw gehi sr rsvqey
gsisv Aig sr xhi pijx {xl vitvshygusrw sj x1i weqi
wgiri gehi sr gsisvirjvevih Aiq xeoir xlvsykl e
[vexir "56 }ips{- Axiv xs ipqirexi fiyi xs {ligl
epxdvii je}iw sjxhi Aq evi wirwwzi- erh xlvsykl er
Irjvevih Axiv xlex ipgorexiw kviir erh vih ,erh fiyi-
jvsqg xhi wgiri2 X1i jexxivigeki w gehi yt sj srj}
xsriw sj vih Figeywi 1] tswyvi xs irjvevih gsrxsw x1i
gter petiv LIt xhi sxlivx{s e} iw tvshygi gekirxe
erh }ips{ h}iw2 Wargi xhiwi x{s je}ivw evi yri|tswih
xIi} tvshygi xIi ge|iqyq eqgsyrx sj iegl h}ixli}
evi getef)i sj tvshygirk? X1 g}er pe}iviw hirwiv sv
piww hirwi hitirhirk sr eqsyrx sj irjvevih jeprk sr
xhi Aig2 Civi xbivi w e psx sj IV i | tswyvi xli g}er
)e}ivmw rsx ziv} hirwi erh xlyw xlex evie wwiir ew
vihir xbi Arepvigsvh? L Livi xBivi w rsx gygl irjvevih
tviwirxxli g}er pe}iviw ziv} hirwi erh xlyw e fiego
evie wvitvshygih ir xlex ;sgexsr2 Xlw gierw xlex
sri ger thirxj} eview {Iivi xhivi w e jsx sj 1rjvevih
T} rsurk xbi gspsv sj xbi igeki? lj ncmw ziv} vih xlex
wxerhw jsv pjsxw sj 1rjvevih?

Ir xIi gihhpi thsxskvetl xi vih tiewng as{iv vitysl
hygiw ziv} giswip} ew xhi vih pzirk as{iw hs fyx xli
kviir trewng piej ri|xxs xli as{ivvitvshygiw uyxi
hojjivirg} xler xhi pzirk kviir pieziw ex xIi fsxsq

sj xh1 tgxyvi2Xbhw w Figeywi xIi tewwag piej lew ziv}
s IV viaigxsr glevegxiviwagw € Inpi xi pzirk jieziw

i | Irfix wkriAgerx IV vidigxergi?2 XFi vih as{iw xyvr
Jins{ figeywi xli} rsx sn} vidigx gstisyw eqsyrnw
sj IV Fyx ews vih2 Xkyw xIi g}er je}iviw oszivi|tswih+
ewmw xIi gekirxe pe}iv {Iigl wgsrwvspih £} 1] tswyvi
xs vih pkx2



En xlexvigemrw xhivijsvi w }ips{ h}i ,gsrwspih £}
i|tswyvi xs kviir- erhws xhi vih as{iw ,tiewxg sv
nzirk- evi vitvshygih ew }ips{2

Ir er} gewi0 xhw tviwirxexisr Ly rsx hiwgyww gsisv
irjvevih gexiview er} jyvwliv xler xIm2

Sjxir irjvevih thsxskvetl} w ews ewwsgiexih Ll x1i
vigsvhirk sj liex svxlivgep irivk} igmxih0viaigxih
svxverwquxxih T} e tevagypev wyfiigx [ Ini wxvigx}
wtieonrk xIw w gswigx0 ir kirivey nrjvevih ¢tlsxskl
vetl}=vijiw xs qeoirk thsxskvetlw {1 vijexzip}
yrustlwxgexih fuyrtqirx irgiyhirk Aig geqivew erh
iqymwisrw ew L iy ew hikixep geq ivew?

X1 vigsvhirk sj xlivgey vehiexisr ew i |iqtrAih £}
xhw thsxskvetl w eggsgtowl ih Ll uyxi wtigep~ih
igekirk tuyrtqirx xlex gsrxemrw wirwsw € ligl evi
wirwzi ir e vikisr sj xIi ipigwvsqgekrixg wtigwyq
wikriAgerx} sywhi x1i verki sj gsrzirusre) geqivew?
Ix w ewwyqih £} ger} xlex sri ger geoi wygl igekiw
Lxl vikypev Aiq sv hikixep geqivew? Iix w tswwifpi xs
hihygi uyxi 1ewg} xIw {sy)h Fi igtswwrfii f} wmqto}
xhiroirk efsyx Is{ sri {syjh jseh e geqive gsrxeirl
rk Aig xlex {ew wirwmzi xs x1ivge) vehiexisr?

X1i givi egx sj Isphirk x1i Aiq gewwixxi svgeqive
ir sriw lerhw {syih i|tswi svjsk xli Aig sv geywi
e hikixer geqivelw wirwsy xs eguyni er szivep jskkirk
i|tswyvi ew Ly

X1ivgskvegwl sv xlivgskvetIw) evi igekiw gehi {xl
geqivew xlex evi wirwxzi xs xlivgep vehiexisr2 X1 iwi
ger ews tvshygi {lex qiklx fi gepih jewi gspsviql
ekiw Fyxr xhw gewi gsjsw ger i enwkrih xigtivel
xyviw erh ws x1i} evi ywijy) ew XxSSiw jSv uyerxxexzi
wxyh} sj xhi xigtivexyvi sj stiigw {ixhr e wgiri?



Geqivew xlex evi wirwxzi xs xlivge) vehiexisr evi
sjxir ywih xs uyermwexzij} get erh wxyh} xlivge)

sv Liex pjsww ir Fyphirkwd ipigxvige) uyrtq ind irwypel
xswi 1xg2 Ir xIw gewi e xlivgep geqive {ew hvizir
eisrk e wviix tivishigep} getxywrk e wirkpa pri ir
wtegi erhxli wtiih sjxli zilgii gszirk x1i geqive
Lew ehnywxih ws xlex xhi ewtigx vexis sj xI1 wyfnigw
{syth i gemrxeirih or xIi vitvshygxsr ew wiir ir xhw
tisxskvet]? [ Inxi vitviwirw eview xlex evi Isxerh
xlyw psswirk Liex {Ini eview gsjsvih fiyi evi gssj erh
giswi xs eqfiirx xigtivexyvi?

Xhwmw xhi 1]xirxxs {higl xhw tviwirxexsr gsziw
xIivgskvetl}) e wyfiigx xlex hiwivziw nw s{r tviwirl
Xexisr?

Ws0 rs{ {1 tvskviww xs xI1 wyfrigx ex lerh?

Er} hwgywwsr sj thsxskvethirk {1 irjvevih erh
yivezispix vehiexisr x}tigep} wxevw syx {ixl e fwiij
irwvshygxisr xs xbi jegx xlex xbivi w wygl e xhirk ew
xI1 ipigwvsgekrixg weigwyq erh xlex gukIx: w sry}

e wgep tew sj 2 X1 weigwyq mw glevegxivi~ith £} nw
{ezi rexyvi erhvijiwih xs T} {ezipirkxl2 Ix irgyyhiw
e jevki ryqfiv sj 6~sriws jysq xhi ziv} whsw {ezil
nirkxdw L1ivi sri Arhw \lve}w) KeqQqelve}w ixg? xs
xhi ziv} isrk sriw Llivi sri Arhwvehis {eziw erh
xIivgep irjvevih {ezipirkxw?

Ir FixLair0 sggythrk e ziv} wgep tswosr sjxl1 1Q
wtigwyq) {i Arh xIswi {ezipirk«lw xlex gsqtvwi
Llex {1 gep dpkIx=2 XI1 gersv gsqtsrinw sjxhiwi
Lezmpirkxlw evi fryi0 kviir erh vih {ezipirkxdw? lir
fu{iir fiyi erh kviir {i Arh g}er {ezijirkdw erh
fox{air kvitr erhvih xhi }ips{ sriw?

Irxaviwark} xbivi evi rs gekirxe {ezipirkxdwir xIi
weigwvyq? Qekirxe w e gsisv gehi T} xli qifirk sj
vih erh fiyi pkIx erhor xhi weigwyq nwipj rs 0qr|l
irk+ tivwi xeoiw tegi2 legl {ezipirkxl werhw jsve
tewigypev gs)sv



EENETIVITY BN FILWME HE INFRARED

Ex ixhiv irh sjxli tevw sjxli wtigwyq {1 gep dnkIx+
JFigeywi {1 ger wii - evi sxbiv {ezipirkxlw xlex

{i ger rsxwii2 Exxli wlsw irh sjxli wtigwyq erh
iqq ihiexip} ehregirx xs xh Fypidzispix gspsw xhivi evi
vew sv {ezmpirkxlw xlex evi gepih ypvezispix2 Ex x1i
sxliv irh sjxli pkIx wtigwyq {i Arh xli rievirjvel
vih {ezipirkxlw2 Ews irzwrfpi xs yw2 Fyx Fsxl sj xhiwi
eview ger Ti1 ywih xs éwii+ svvigsvh xIi ettievergi
sj wyTnigxw xlex igqmd viaigx svefwsvf wygl {ezil

i rkxw?

Rs{ nixw wygqgevi~i xbi xssw xlex ew tlsxskvetliw
evi ezenefpi xs yw jsv 1| gsvirk xI i dirzwrfi= weigwyq
sj ywvezisyix erh irjvevih tlsxskvetl}

Tlsxskvetlig iqymwisrw evi irLivirg} wirwxzi xs
yivezisjix erh ger i wirwx~ih xs 1]xirh xhiwv vil
wtsrwi irxs xhi rievirjvevih? Qswx iqymwisrw ger
viwtsrh xs ep zwrfi {ezipirkxdwirxs xIt hiitvih?

E ji{ igymwsrw ge} Ti1 ezepefpi xlex i|xirh xliw
oviegl+ svwirwxzn} irxs xhi irjvevih evie? lir fwijl ew
wlsLrir xbw mywwvensr) gswx F* [ Agqw ger owi i+
irxs xhi vih evie {Ini sri iqymwsr( Likl Weiih lrjvel
vih0 ger hixigx {ezipirkxlw Fi}srh xli vih sriw?

Srxhi sxlivirh) gsw F* [ igywsrw viwtsrh xs
zwrfy il {eznpirkdlw ew Lip ew ypvezispix sriw {xIsyx
er} tvsHiiq? Gspsv iqymwisrwl sr xhi sxhiv lerh) {im
s} viwtsrh xs YZ sr xhiw xst je}iv Figeywi Fijs{
xhi xstje}ivxlivi wirgsvtsvexih e Yips{ Axiv {ligl
ipqirexiw YZ jysq xIi fsxsq x{s ie}pivw?

L1 gsnwsyxht {ezipirkxw xlex {m jep sr xIi geql
ivew Al sv wirwsy F} ettustvexi glsigi sj Axiw xs
gshij} xhi pkIxirghirx sr e geqivew pirw sv igmxih
T} e dpkIx+ wsyvgi2

Xs thsxskvetl ir er evie sj xhi wtigwyq ors{r ew
owlsvx {ezi YZ+ wtigie) tvigeyxisrw svwxitw riih xs
i xeoir2 Xlw evie w xhi sri xlexw viwtsrwifpi jsv
wyrxerw erh w ors{r ew er egxirig {ezipirkx12 XLiwi
{ezipirkxlw ger hegeki woir erh 1}iw erh ettvstul
exi 1} ,ir tevgyjev- tvsxigusr wlsyth £1 {svr {lir
wygl {eznpirkxlw wehiexi e wgiri2 Rieviwx xs xli
zwrfyi verki evi xbi oriev ypvezispixs {ezipirkxlw erh
xhiwi evi xbi gswx tstyjev sriw jsv gswx thsxskvetl!
ig eguzaw? Ewwsgiexih {ix xbw vikisr w xk1 [vexir
5<E Axiv
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Ewwsgrexih Ll xI1 5<E erh {1 ypvezisiix tlsxskvel
th} evi x1i YZ efwsvFirk Axiw? X1iwi evi tepi }ips{
ir gspsv erh evi wygl Axiw ew x1i [vexxir 6E0 6G) 610
1xg2

Srxhi sxlivirh sjxli wtigvyq {i Arh xIswi Axiw
xlex s} eps{ nrjvevih ve}w xs teww?2 X1iwi evi wygl
Axiw ew xBi [vexxir ;40 <;0<;F0<;G0 ixg2 Gsytjih
xs xLiwi Axiw evi Axivw xlex hs rsx xerwgix irjvevih
ex ep Fyx {higl epss{ nklx {ezipirkxlw xs teww gsvi
svpiw jviif} evi gyerml3kviirwl jssoirk Axiw erh

e gsgqgsr sri wxhi Gsvrirk =;<< Axiv X1ivi evi
ger} zevexsrw sr xhw Axiv erh wsqi evi gegpih olsx
gwsw= T} xbi {e}r L{hgl xIi} ipgrexi IV jvsq
tewwrk xIsykl xIi1Q?

Rs{ {1 {m xeoi e ssoir kviexiv hixenp ex xI'1 wtigxe)
werwgmwwisr glevegxivmxgw sj x1i Axiw tviwirxih
iewiv XLiwi evi x1i yerwgmwisr gyvziw jsv xbi Axiw
gsqqsri} ywih jsv yivezisjix thsxskvetl}

X1i 5<E ew }sy ger wii werwqnw e jem} rews{ verki
sj {ezipirkxdwnywx Fi}srh xli zwfpi verki?2 Jvsq
efsyx 764 xs efsyx 844 rersqixiw {ixl e tieo xerwl
gwwisr evsyrh 7:4 rg? Rsxi xlex xhw Axiv ews lew e
6rsxgl+ sv {orhs{ r xhiirjvevih vikisr? Jsvwsqi etl
tygewsrw xIw riithw xs fi gsrwhivih erh eggsyrxih
jsv X1 [vexxir 5<E hiwkrexsr w wsv sj e okirivg+
reqi Tewih srxli hiwkrexsr kizir xs ix £} xIi1 [vexl
xir hizwisr sj lewxger Osheo ger} }iew eks? X1ivi
evi wizivey Axivw {ixl wigmev verwgmwisr glevegxiviwl
yigw ezenef)i jvsq zevisyw geryjegxyviw? X111 5<E w

e kieww Axiv yrpoi x1i Yips{wl Axiw higwFih Fijs{
xlex ger Ti1 gehi jysq gewx kipexir sv kpeww?

X11i dgsqterisr+ sv gsqtiiqirsev} Axiw xs xli 5<E
evi e wix sj Axivw xlex wxevx xs xwerwgx ex evsyrh 844
rq erh egs{ erpxhirk jsrkiv xler xlex xs teww jviip}
Tyx {higl 1jjiguzip} fisgo ypvezisiix22 XHiwi evi xhi
6E0 6F0 61 wivniiw2 legl sj xliwi gyxw qsvi erh qsvi
irxs xhi fiyi vikisr erh ettiew e hivtiv }igs{ir xhi
tvsgiww?
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RSXI1 xlex Tsxl sj xhiwi Axivw evi gepih YPXVEZIS1
PIX Axiw2 Sri gywx Fi gevijypir xiglrige ettngel
ysrw xs hiwgvigirexi Fix{1ir ypxvezispix xverwgmxrk
5<E- erh ynvezisyix cfisgoirkc Axivw wygl ew x1i 612
X1 pexxiv evi ywih xs ipqirexi YZ jysq vieghirk xIi
hg ir Al geqivew ;sehih {ixl gsisv Aig erh tvizirx
er yr{erxih fiyi gewx xs xli igekiw {lir tlsxsl
kvethirk ir wxyexisrw {Iivi xlivi w er efyrhergi sj
YZ tviwirx wygl ew wrs{wgetiwd fiegl wgiriwl ixg?
YZ fisgoirk Axiw ge} rsx Fi ew riihih Ll hikixep
geqivew ew xI1 wirwsw evi nr Fivirg} is{ ir wirwixizi}
Xs YZ ve}w?

Sr xhirjvevih whi sj xbi weigwvyq xLivi w e wqil
lev igsqri qirxev}+ wix sj Axiw xlex evi ir gsgqqsr
ywi jsv ettugexisrw vijexih xs tlsxskvetl} sjirjvevih

vehrexisr?

Gsqqsr Axiw ywih T} thsxskvetliw evi xIi [vexl
xir 69 sv 6= Axiw2 XHiwi evi hiitvih Axiw {lgl
werwqux vih erh irjvevih jviipR Tlsxskvetliw ywi xIw
Axiv sziv xliv WPV geqive jirwiw Figeywi ex piewx
xI1} ger wit wsqixhirk xlvsykl xhiq izir 1j xw srp}
e vihhwl igeki2 Ir xIt wxvigxiwx wirwi sj xbhi {svh sri
xIir vigsvhw vih erh irjvevih wmgyperisyw} {1ir ywl

iIrk e 69 sv 6= Axiv

Jsv wsyip} irjvevih vigsvhirk xbi Axivw Kirivey} ywih
evi xIi vexir <=F0 <<El <; erh <;G ,erh sxliw

sj wigquev glevegxivwyagw- L ligl zev} ir xLiw nrjvevih
gyxsjj Leznirkxlw Lxl xhi <=F egs{irk xI1 gswx
irjvevih {eznirkxlw xs teww Ly xI1 <;G w giswi xs
xhi piewx2 Ep sj xDiwi Axiw evi zwyey} steuyi {xl xIi
<;F eps{irk e ziv} wgep eqsyrx sj vih xs teww erh
wsqi tisti evi efpi xs hixigx xhw twtigiep} ij xIi
wyfiigxw e ziv} fuklx sri?

Xs ks ejsrk Ll x1i mrjvevih Axiw qirusrih efszil
xli gsquiqirxev} Axivw xli Gsvrirk =;<< ,sv sxl1
iw {1 wignev verwgmwisr glevegxivwxigw-2 X Iw Axii
s} eps{w zwrfyi Lezipirkxlw xs teww2 Zwyep} ix lew
e grermwB3kviirwl lyi2 XIiigtswerx xhirk xsviqiql
Fivefsyx xhw Axivw xlex x hsiw rsx teww irjvevih velw
ir tevgypew Iix w e vikih0 kpeww) Axi
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BETTER WAVELENGTH TRANSMISSION

QUARTZ LENSES
PINHOLES

Fijsvi ksirk jyvxlivix w ettvstviexi xs gqirxsr xlex
Llir sri irkekiwir thsxskvetl} £} irzwrfpi vehiel
wisr ir jegx0 er} thsxskvetl} jsvxlex gexxiv Fyxir YZ
erh IV igekirk i w tvsfefi} gsvi etvstsw xs xliro
efsyx xhw- sri rithwxs fi e{evi sjxli wtigxe]
glevegxivwxigw sj 1ziv} iq irgiyhih ir xhi igekirk
dgleir=2 Jvsq xhi wtigwe) iggmxergi sjxhi wsyvgi sj
myqirexsri xs xhi wtigwep werwgmwisr sj xIi qihiyq
xlvsykl {ligl xLi vidigxih svxerwqmxih ve}w xvezij
x1i wtigwe) erwgmwwisr sj pirwiw erh er} Axiw ywih
ew Lapewxhi wtigwey wirwz} sjxIt thsxswirwxzi
gexivie) sv getxyvi hizigi?

Ir xhw gsrxi |x xbir rsxi xlex pirwiwd L{Igl evi gehi
sj e zewiix} sj kiewwiwd hsrix xerwqx ep {ezipirkxlw
sjxhi wtigwvyq izir xIsykl xhi} Kirivep} xerwqix ep
zwrfpi ezipirkxdw uynxi L2 Ew wlsLr or xhw mywxvel
xisr geqive jirwiw xirh xs wxst ep {ezipirkxlw fil
is{ wsqixlirk poi 794 rq erh teir asex sv {irhs{
kieww wxstw erpxhirk fiis{ 744 rq svws? XIw wiql
t} gierwxlexwiqty} Figeywi sri ger wii xlvsykl
wsqixlirk w rs ewwyvergi xlex sri ger ijjiguzip}
geoi thsxskvetlw {xI sxlivxler zwfi {ezipirkxiw?
[ lirr hsyfx kix e wtigxwe) yverwqwwisr gyvzi jsv
xhi vijveguzi pirw- BpiqQirnwk

Ij sri hiwwviw Fixxiv sv fvsehiv {ezipirkxlw xverwgml
wisr xler xlex ejjsvhih T} gsrzirxsre) geqive jirwiw
sri gklx gsrwhivpirwiw gehi {x1 uyev~ ipiqirwl
Xhw ow xBi 1] €irwzi0 hk1xigh0 wspyxisr2 X1ivi evi
rsx ger} wygl jirwiw gehi fyx Riosr erh Tirxe| erh
e ji{ sxlivkivger erhreteriwi gsqteriiw lezi
geryjegxyvih xhi2 X1} evi x}tigen} hiwarih xs xIi
ie irjsvgiqirx jsvirwg sv hsgyqirx i|eqirexsr
gevoixw?

Exxlimri]tirwmzi whi sjxhirkw sri qiklx gsrwihiv
trlsyiw ewqgeki jsvgirk hizigiw xlex xverwqux e ziv}
fvseh verki sj {ezujirkxlw? lir jegx) ew fvseh xhi x1i
werwgmwwisr gihiyq ,ik2 ew sv {exiv- egps{w? lIx mw
Lswl rsxrk xlexwsqi geqivew ywih ir xIi rygiev
erh i|gswziwviwievgl irhywxw} evi wqti tirlspi
geqivew? Getxyvi e fvseh verki sj {ezipirkxlw erh
xIi} eviri|tirmzi erh shiwtswefpi= LIt wxp tvszihl
irk ywijyp hexe?



