
dium~~de~uu$udid i~ !&;~ iuf~~~~~l~~ i iu i~1nai '~~ '~ i~1~8~pl" i~m91 ' ihk i~~8~~ 

im6iil~iuu fm~uulJIflIY11 biuulIAi l~~~uii~l j iQn(n~.~~nzii  ilnd dxq) 

~miuunaicnaiud naiunfiqi'fib dn) lmmuR'~4ifi(miuR' oyoru uuiu) Imnimoi 
d 1m5ud'8at?noi du~aoi w&Bual.a5l$nnin  fig^^ p f  merit naiuttLiu naiuinuq 

luiion nmnla ~~bii iRrn%~saa~i riaa'lmuiih 9mditl~di~uo~n15a'~d3uia 
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w aa u n n a m l d l m ~ q l q i n i ~ ( v a c U u m  phototube) k8%uiin~n~~musafluwn'aaiuuinniiiisa 
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d Figure of merit ;QD& 
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Figure of merit ( IOP~~K~U~$~UIX~ 
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e naiuiduq 
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d iimdiiimmrmraoni 

cr 9ja~naiui4uh 

5 naiuiiiwia 

CM 433 (H) 3 

6'ads~na~ nisfisirmi 

riiidua~uuimsgiutYu~sd (ii~du~~u~uimrgiwtYuw'wd 

ar"udsr8mfnistrdr uaduw4 

rzuuhwaimdlyrd sauuiimwmmtYurinf 

nniw~aduuuim.igiu nninlaiin sird 

uuda~+rnudin'i~duaiuu~imsgiw~a~~r1~da6 

naiui4uGudiqadwil# LOQ &naiuk$uira~qmdina~d 

i!!pdl&IPdVl39 LOL 

c~udrr3w&aiudirnir 

a d d  
6 4aynniswind.an n 1unisnrlnulmunir~insi~d~aui~~a~u"arinm~lumisi~ 
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naiul(iuQiu ppm k y =  IS, I fidr:rinffiqudr ( S I X ) X ~ O O  x I 
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4 or diunfidsawnbrda~iu~#f~n6~gl~bhi'~1~~1aiw~wim~~~i6~.e'i h#ndsua 

tYqryia nisrunau n'~iiuqiuuu~as~~u#uw'wd nirsunauniamd nirsunau 

wl-am:otu'o nisrunauqarnnn~otouw"tYu nissunauCa mssunaudn'nmsi nis 
ddn runaub~aa~Xou msunaulai n~irriim:imunaiuonuwnio"~~"mua~nissunau nis 

i~u~cyqiaiomrsunau qdns&aikaa~dl4nmnissunau 

1 

uuu~ni7nunti b 
d Id 

c nisrunauiuu~~uuriunaiud immisrunauiuuI~Iuuufiunaiud 
Id nisrunauqaninbuufiunairrd asiduaununaiud krrunir v, = ( ~ ~ T R A  0 

TRU v, sinfi~~~oaiaifuua~msrunau~uiarnin'una~unfi~naiud A r L r i i n t l ~ u n ~ ~ u d  

R na~u&uniuuo~~dns& T qa~qPiijuina3u 

nissunau%a~i&n'unaiud udduiiuimunairi &nunis I- = ( 21d 0 Irn IRU 
I 2d 

I, nnrii~qnaciaduuo~nsziirrdiiniq muuuriunszimast I dszq3i~na.10~ c 1 . 6 0 ~ 1 6 ~  / 

gnoui' A f iinunaiunfi~naiuif 
dd d nirsunaudn"nmesuun'unaiun udiijuuuuwnw'od I = 11 f 
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4 w -d1wn~~~euund1diw'10d\aki~~n11a~~3u1u~1a1uo1u1~1~o~d11o1d1hki~~~u~ 
a na i t~~ ian iu  nairro naiu14a cnunR'u riinjiqii naiuib nidnriu 

irrimilnlvldi mrimrnnanuo.rfqd dm niri$u;~1iuuiqfl k30 iGu i  npniun nir 

nraoiu nirnsaeiudnS nisnraoiu?d3r nirna$ouuosr'9d ~irw'ni~uasr'sa nir 

nrzrtsuoss'9J nirIwai?sn"ussr'9i Idrou naouri nirnr~i%iiri# nirnrai$q 

$unoni' dnngmrdlvll~a'ia"nn3n fln*nknpn I ndnariiiuuidu nidnrri 
u w a  iiuuilnu nidnmri i i~~~doido~ m r q ~ n n u ~ ~ n ~ ~ ~ o a ~ ~ ~ i i a ~ l u i n ~ n  n i r i d d ~ k 4 ~ 0 ~  
, , a  Z d  orroaiinaluinqn 53nisnrzifu niridncrannrmnoq i.rdn?iufau(%qAi) nirdda 

w a d  ranion4 k8vl~ooimau&aiaim9, ~avlonvloimiau$doqiinq) nl~iuu&4~ooim 

igu4 uoualai iuu4~~ooirniaui  niriounniu n i r i i h u n ~ b  npuo~nnulu' 
d ssa uu'uou nraunbn n~iud.spiiu naiuqnnf!~ oodffriRdinuQ8 iiouaordnar(nnin 

d w 
qnnzu) nnmq~nh lun i r  amaai uimrims 

\ 

fl ?d~lW'UYf(coherent radiation) V ~ 1 5 ~ ~ ~ ~ 1 ~ ( d i s ~ e r s i o n ) i i ~ 9 ~ ~ 9 ~ 1 ~ ~ d ~ 9 ~ ~  fl flIJflS:QlU 

9 

adk(anoma~ous dispersion) 4 % ~ ~ " ~ ~ ~ I u u Q P ~ I ~ ( w o ~ ~  function) 9 d ~ i f l C 1 f l i ~ d d ~ ~ & ~ ~  
1 P) s d  w  d w  

(photoelectriceffect) ~u in~ninniuanu a n~rnrz~uoinnnroiinn' a rwamqgi pl d ~ o o  
d ssa 

i rntaui ql vlonvloimiau4 p ~Taiuuid~oaamauR' g Ivlrou 3 iiouaardnar n 

Q i i ~ l i ~ n ' i ~ n ~ ~ ~ ~ n o ~ d n a ~ u ~ i i ~ n ' u ~ n a ~ u u ~ a n ~ u i i ~ n ' u ~  
w w a w  

b naiuiiuGuYfuo.rdnrrwa'i~~in~r~n~~na~~din~di~uun'9~iani 
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d  9 innu0u 
9- d  .r %~6$uqiuuoanir R'ow~~~iucnaiu~)~ l4 iRoIwoianmsou~~era in i ja~o~ar i~~u 

a dsingnnd*ITm6idnw3n ~~~naiuuiann'ut~uaaunaombdbmiin~ner 6idnmraurzmrler 
B a r  ainii?aauaa~wri.raiuaafd"dinw"~ f i d 0 ~ f i ~ ~ 5 ~ ~ a ' l 9 i ~ 8 b ~ ~ i i a ~ i i ~ b ~ ~ ~ ~ i ~ ~ l ~ ~ ~  

-# 6~dnmsouor$~oinuab~er1d~i~Iuerw'ilw'in"ern~ziiauu idoidiiuufinu"lXiiobueri~uau 
d  9 uinniii~nlnermnuou o'ii;nmsaun'wger~inw"aiiaz~~1diiolumazQn~a'nbuiiou nrzila 

a n  d  nmaaidu o id~ruomnmsouuiah4~1diioluer(in'ern5ziia) 
1 a ~umqa~aniuzwu ~ u r n q n l u n n i a z d n ~ s z i w a ' ~ ~ i u ~ i ~ w  E,) isz~unir#~d!~er v = o 

' -# 
irazrziTunis8ugsuu 

9 n d  d . 4  9 w  r nirnrzquomnnrou'na iuolnna~.riumui:aun'uluiaqa lumqaaziuwkaium'. 

nirimruG$ui~~lddicid~u~o'in~~,~ w E, rz&unirdL o n?o~:ii~nirnCUg~) XiIXw&aiu 

i~lnzauitdijn'iuinoi~in"erni5ii~5uGQui~~1ddi!d E, 

a C-aiXmqdi i u ' o r l i u a ~ i i 4 ~ ~ i ~ l ~ ~ f 0 u  us~ii~.r~zid~uu'ld~aniuznrt4uii#aida'aQ~~ 
a4 ad 

naiunaiuuiann'uoonau feru~annoonuiozrinaiui~'ug~~m~naiuuian~u~w"~ 
d  d a dgooaaauR' Tumc]alunniurnrr& E, ~~mnmnrzi iunir i~di i~er v = 0 niiudnniuz 

1 nuGanbm E~ v = wi .orz~uni r iud i~~ 
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w a d  
b a a r i i u ~ o l n n u i i 9 u i 3 r m i  n&~iu~9upn6nnz~du5~dnmroul~nho.rldnourm~ona' 

naiuui?niw 2.70 i~mmrou 

E = hv = hclh 

E = 6 . 6 3 ~  ~ o - ' ~ J . s  3x 10" cm.il 1 2.7x10"cm 

E = 7 . 3 6 ~  pn6 
0'4 t 

i pnu urn 6 . 2 4 ~  1 0 ' G a r ~ n ~ r a u  h n i  

E = 7 . 3 6 ~  10-l6 On6x6.24x1~18 8 l i n ~ 1 0 ~ l ? n & ~ p n d  

E = 4 . 5 9 ~ 1 0 '  8~adnmr~u%aai 

E = hv = hclh 

E = 6 . 6 3 ~  10.'~ J.SX 3x10 '~  cm.il 1 5 .715~10-~cm 

v = clh = 3x10'~ cm.il 15 .715~10 '~  cm 



L V l  11.9 89611 09VllBI55%Ud~~lH~89~~~5 

oinngniun 

q oini61 sin f11m61 = q !!&a sin ~ d a  
1.00 sin 30' = q LLf% sin 11 .go 

11 ~ d a  = ( ~ 0 ~ 0 . 5 )  10.206 = 2.43 
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wnjriu(?ooo1u4)mr~~~n~a~i~muoriiiq~n~u~ 

n atniw&.riuqarlRuorldlm~~dnm~oudw~muin3~3uudnaiuuiana"u 500 uilu 

u tYi1Baiuuia~buuinni166o u i~u~umrau~'a~~uus~~ni i~~~m~~a"nmr~ungmoonui  

u ~ iua~lnaiu~auor~d~m~~~nm~ouuinuann~mdru~.r~~a"nm~ou 

n w ~rriuuarnbu soo ui1u~um3 

E = 6.63x10-~~J.s ~3x10' m.s" / 500x10-~ m 

E = 3.978~ 10- gni 
wfiriuuasnbu 660 ui~u~ums 
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A = C I ~  v = 3x I O ' ~ . S "  1  1 . 5 5 ~ 4 . 3 2 ~  1014 i S ~ m 4 ( l o l l i 5 n . s . l )  
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n % T = 33.6 T = 0.336 

A = - log .336 = 0.474 

V %T = 92.1 T = 0.921 

A = - log .921 = 0.0357 

fl %T = 1 . 7 5  T t.0175 

A = - log .0175 = 1.756 = 1.76 
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81fl A = - log T 

fl A = 0.1875 = -log T 

T = 0.6494 = 64.9 % 

l J  A = 0.6625 = -1ogT 

T = ' 0.2175 = 21.8 % 

n A = 0.006 = - I O ~ T  

T = 0.9863 = 98.6 % 

A = - log .I68 = 0.775 

A = - log .4605 = 0.3368 = 0.337 

A = - log .00875 = 2.0579 = 2.06 
- 

I s @a n i m z n i a n d ~ k # u  4.14~10-~ l u n d ~ ~ n ~ i m ~ ~ ~ ~ ~ ~ ~ ~ # ~ i n a i u d ~ d i u  0.1236 lunnn( 
VIlql&Jllff4 2 lol l l .dhl5 8 9 ~ l ~ l ~ l ~ ~ # ~ # ~ l J ~ 9 ~ l 5 ~ ~ ~ l ~ l ~ ~ ~ ~ d ~ # p l ' l ~ l d 9 d l ~ ~ d ~ f f l ~ l ~ l  

llJlolmni?l4l%J~~ff4 1 iolruzlufl5 

A = -logT = Ebc 

T = 0.126 b-2 cm c =4.14x10-' M 

- log .I26 = EX 2 cm x4.14x 10'" 

E = 108.65 dm3. mole-'.cmm' 
i 

winaiui#u#u~ue,  T d d ~  0.378(flllJlil) b = 1 cm E = 108.65 dm3. mole-'.anm' 

c = - log 0.378 / 1 cm x 108.65 dm3. mole".cm" 
I s 

R?IUI#U#U 3.89~10.' ~ U ~ ~ Q ~ U I ~ ~ R V U ~ A ~  
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c6 mrdrmouuPriinni~~fina"uIu~1s"~.17xio~ p n ~ l n n ( l R Q ~ ~ r d ~ I u n ~ ~ ~ ~ u ~ ~ u m ~  QPWI 
A 9 1  naiutu'oleadussarisnan~uclrs~rnninaiuds~i~ 8.42 % %ut~lln6~1st~uttn~2.5t~ufitum 

A =-  log T = ~ b c  

b = 2.5 cm , E = 2 . 1 7 ~  1 o3 dm3. mole'l.cm'l T = 0.0842 

c = - log ,0842 / 2.5 cm ~ 2 . 1 7 ~  lo3 dm3. mole''.cm'' 

n ~ i u t U u b u  1.98x10-' Isnsiognuin6tf iJiurr 



uuuioiu'os -iiuuidu -iaiaoi nanmlal~srau nnomiiamnduu waamoihiiuon imis 

tiiiu'm~uu4Tn6iooi iin6s~iiGmTnaadPIi; iindstiiiCfiaamGT~~~~ naom10dson na0m 
w d d  roalnralnm iaiaof nisiud nrsddsk4GuiuAliulm mriddssanngnnsz4ju nis 

~mnbu mianiaiuszih iaianidsrviu Tr&nawmiaoi ~ i i  mi.aoii;ia miaoi 

til0n"i~uuii~n iaia~i~idunr/tioau iaiaofiooouoiinou iaiaoii~nGiuoi 1air0i480u 

iairaiiriinauGniploi miaofimT0~ auau gdns&~'~~naiuuianu JaiploiQmniiu 

Jnimoinnsnaam Jaaoi iu 'lls~wiCioWua o k i s  nai~nn~mnssnnu naiutlaimiijus 

Tndi naiunnimssd msmZsdsiiu Kan'RiiianSuuiu msplZsazjiounnsii~idm yuiuar 

msaZsazjiouiov~n~oiori~a insti;r5saz#ouriasiiuuifi insm~saz$ouirasTaTansifln 

nirnszaiuAaidu mrnsraiudsyu yuidusiuu .yui~usmu6oudqm msnrzoiui$snna 
d s d  nisnszoiui3sisuindpl nisiiun Kaiiiia~ionssdSwlwsa" Kaiiirasisnss~iaasiusm 

in~es~oituua,mui3sidu~a~naiuuian#u itl$os~oiiu~nunu 
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" I  ain lmui i~or rha ianh~s io~rndnu1ad1Xwudn~d~~~~n~ i rnzna1a~~~n~~~n 
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u11uium~ 1~~18yumniirii 60 osni yunzQudrii lo  osm 

- nL = d(sin I + sin r) 

1 x500 = d(0.866 + 0.174) 

d = 500 / 1.0396 = 480.93 ¶ d l . b ~ i ¶ J m f  

n L = d(sin I + sin r) 

24 CM 433 (H) 



a m' 
1 x 1  = d(o.77 + 0.34) = i . 3 9 ~ 1 0 - ~  unniumsxi.11 

n ,  = 1.54 x1oS2 u"nSium5 = 15.4 1 ~ 7 ~ 1 s i o ~ ~ 1 s  
w 40, ssaew Cuaes = n / 2 = 7.7 ?u1nsiu911s 
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lsao asuonnaiu~mnpiiq5zw3'iq n nidnlmsnlnd u aidnlmsnsid n uimsn~~lnlmrldlm 

n nidnlmrnlnd in~#udd~oinozmau~~~iiuni~iiunidu&(au~aw"ii in~~on~~~ Ril 
o w ad C/oondio~lbnuiaoonwiainwnuo~~umn m~snnnrrnuainmrm8~~9od5Guin8au~nuor" 

Inifmi 

u mdnl~mrid nn'nmnnhunidnl~5nlfid nn'iqilG/QnnrzaiuQn3'mwfoun'u 

uuuduilrh wio  uuauImlom 

n uimmidnlnrldl~ I4?m~~nagmn~uunzni5ida'~ 3.rildQnnrzeiuonm5m8q 
A 

~ ? ~ d ~ 6 ~ ~ n d d o ~ i ~ n u i ~ ~ ~ n ~ ~ ~ ~ ~ ~ ~ i ~ ~ ( t e r n ~ o m 1 ) ~ f ~ ~ n i ~ J ~ ~ ( s ~ a t i a l )  imQdl#au 
d 1 ~noflldb18.%8w'ili~i~05 H58 ldlmGindfl'~l?f~ 
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Av = v , -  v ,  = 116 

AV ni5ttunuoarRunoarRir v , ling v 

n#u~qnoPmfiRnintw3nnon7#ru"o 6 v , - a  v , - I 
H% v , - v ,  = 116  

tl h ,20.34 urn v , = 49.164x10-%m-' 

h ,  20.35 urn V , = 49.1401x10-~ urn-' 

49.164~10-~ um-' -49.1401~10-~ urn-' = 116 

6 = 41.67x1o3 urnx10'~cm. um" = 4.17 ~ ' ~ ~ W ~ ~ U O J O I I S  

A A c( t l s a e t l ~ ~ i r n s w $ ~ ~ a u a w i ~ ~ w " u ~ ~ 1 5 ~ ~ n u a  4.17 I 2 ~~u5tum5 2.09 t~llu8ium5 = 2.1 ~~uil~um5 

U h '2.500 urn V , = 4.0~10- ' urn-' 

h,2.501 urn V , = 3.998~10" urn-' 

4 . 0 ~  urn-' - 3.998x10-~ urn" = 1 / 6 

6 = 6.252~ 1 o3 urn x 1 od4 crn . urn-' = 0.625 L % W ~ L U O J ~ ~ ~  

A A cr nsaetl~~imew$#sauawi~~w"u~n5~~nua 0.62512 t~llu8~a~m5 0.313 ~%u&um5 = 0.31 1~~5iuf i5  
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I uoimna nrooanouorrauiiuno~wn"a~du mist ~ U i ~ m r ~ i i u a ~ i l X i n " m ~ z ~ ~ ~ u o ~ i a d a ~ u ^ ~ a  

13'~~iptlXdovu'ot 

1nilddi"ln'u di3ol i iauo~~~ud~la~u" i~aar i iaa ia~  u~~ns1d~~aQou o 'miw"o~-~ l~~ i im 

armou 1#iiaidouwi'lom56aolii~~~i~~~~n'awn"m~zm~u~5ruf~~m) i m t ~ q j ~ i p t ~ f l i k i u i ~  

a d~~f l~ni~d~awmo~idui~wd~~i iu"awnnaiun~ia~duf i~dn~n~n~n~~~aozmou ormau 
9 d ' l  ~a~~n~~n'~~1iu 'mi~naoz~dn'~~inadi l~aiun~w"u~uuinni i~rm8ud~ao~no1ni~~n'a~i~~m 

4 a *  m a  wndianaiuuiannuuni AA ~iormo~~a~aunaiuifa ~~~uuEu~rma~w~a~a~u"pi i  A A 

1 A , = v c c naidaim~ ~~ninaiun~ia~dududafipll~ouu~a~ai~uuidu d (5893 

ojnmou) d~szmau~mn~uo~d~~rwgll' n) 2200 oscnmn'iu u) 3000 oammniu naiulia 

~an'uuoao%mau~n'i ( 8 k~ nm)" k dinad~undfi6-r pptngll' m uan 
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NJ I No = 116 exp(-6.63~ 1 0 - ~ ~ ~ . s x 3 x  10' m . i  '11 139X 10-~mx 1 . 3 8 ~  ~ O ~ ~ ~ J . K ~ ~ X ~ O O O K )  

NJ / No = 8.2~10" 

cc naiuhfi&r~~1.maiu~nna"un'n(na1ui#u~u~o~~i3iw"uu~naiui~u~uda soo $4 
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