
THISREPOT HA BEE DELMITE

AND~ ~ ~ ~ CLAE FOR~ PULCRiI

UNE DO DIRK

llY

AND CLIARI OOR-PUDLIC MIEANI\ )

~l' ~*~ ~ NO RSTRICUTIONS AREIMPO9sEDUO

fff I**T UEADD ~OSR .

I ~*~~~'A

d'' 'p*-



UNCLASSIFIED

AD 403 091-

DEFENSE DOCUMENTATION CENTER
FGR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

Best Available Cop]

Ar IfD



NOTICE: When govezmer±:. or otber ,r.-•.Ls, speci-
fIcations or other data are used for any purpose
other than in connection with a definitely related
government procurement operation. the U. S.
Govermment thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



fteciretcr teronc APPLIED 0 S

CrymI~ 163 by the OVISCAI Scfeetv el AM",rm 1nt F`--:eýe -VV me.05. ~

SReduction of Scattered Light int a h
I T

* /,.

C>Gordon Newkirk. Jr.. and David Bohliin( ~

;itc,e. ;mncr1, ,.i tiie, .-icI:i~eem i~ eect*tr Nn a i c. rcml Ill ,c-Ill. This %cmmrite? t I tee.' %e r ejeItr-i ;,-:it, -:1 '6

-. '.elcI ic~*. ~ , vWcee. r mn r mnicie- . pihe .: eer*1,), jilm e i~. Il.. 11-- 4 th'.. ..... Ilcic~ige.m m iiA l 6V .stic. ii.c ' %
ee.~m~e..ekeecimi m pcu~r-t" Ow wat,.. n liOl t,cem :it e. miciri~l

Irstroduction 1111l v tie-It .rr;lem i nti~iti, m iitr~ itt i Is,- rctetim iý

itt ii I Itt c Iec~m ~iit~c~ tieI~e~~ seI~ir ll:cre%,.. hill :ile.ee Ills- tleiort- i:eli
'Z I' i Ill- h

jV- If-Whch- il

re.:c~~~~~~~~~~el mtIIcv ee n a ;- ce n *ciI.~~ 4.m , I Ill- .Ii c i n ti m -gr k i :Ic itt *\ I Ieis, :e tce mit i rc I I em-il -I Im it-re
s wa.it c em¶ t n-ht;e !ri-o cEitiKritz tit,- :it*e!:za iepiml(,i 4)i. ;r~~p: il 1-- i u eiitii e dtc~r

ýIp *i -. va Yv:ir :,!.. t .it-.-ven I:.% . ri . mc.itr~;rmmi~~- 21Ii. ,-ic licr plrhtttci val :teem tt

c~ceIIl IIIs-11t a ? I -. ,1- Is *Ie sille girl is Iwiv -nl - : t i'll, . pgrot,- it t l t g M i ti e :trit ey l-t_ c en itt fill- i et e*ti oprmli iv i 3ttitntr

mec-til iit~i - oll. i I lie : eem wrum i ktl -- ls 4.ct1t64N - 11 ltt i t :til ii t~to fiý ob." rm-e. ione.?rle lj-t IrgzeI c i-,t it -c Ic -c

-rotejit rp:i % i el:irin th. tir-e i n kir - :1 emii~ eef w slt, will-t in fli oliii i*. plariiiat iII-

Oeil-e e,!:i Ircr ; eecer :iet :;it j. tetlc !' e mopit in probtii lvr- ine e uIflit- i- fore-~~e frIerit m:t:t-1e1el

col-1,11rti ec gl. r r:t is- th .\tvre*-e~z . m eee- i e m:II iti ji r' parr lt Ii lva1.rbv ýcI n , ite . o re ilt :it! emcr ti~ctzr:cIt:,- I: eee- in

theerett I i merp c.* -. m:i telijm it rq : I -.e.m. tij -[j tol-41 Iceett iu m vle'ttn. lt I.*i ecc ftgul.;i tiilc i:iiw.

-f;) tip w ~ . I.:Tt~t -- ' ::io m lt :Iwe l<. - xire,: IIhctctcr.- . rechI ~itt va]1 t111 tmIo~ 4-ati-re-e ,I~IiIcY fr-v t fromi tr~teteer mc

l*:m~c;; ler F. tzicl~j.mefee~t~ec~~iI em-m-z~tt Iet ecf gh( Ice'iec iý noli:±t -1 [eift ntm:tce 1 Yth e-V c miltlmig I it-

rN11*11i1: Io:r, -T)" *?:!a m r-tIi,.:elj e tl t.~c cm eeeceji, ha ri~t t 11-41 nnz iop i~lr Te ilt ic 1.. ligt I*(til Irtliciic.1pi. .1 l;ticpnee in ct .Iv ow

:ttrel ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : th. iine tet; JeiettmIlt -.;lc-.Intie. .itivii-pili ecf h t it e-:cceIc light. .w :11tcc iv:Is :- f hjrcti

liii ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o I~e emi- AYm .?Ieri emnmcui tiliiktcrte-ei high moueicttiuitoip- mert I~ lit- :cnie-sm

ec~ e-ii~m. dcv,. je. iiciric~tit~ ~ it) ` ili Ilce' gn-ii':. the#- Lyi.'

mm::~..tt.iei~je~e...emIf ita fe tre- cI lls- -oerolla~t-apht~ i, -m , oil ~t 'nv :clc-~tite. for tt- :it :it:.,

met 'c -:e::.~F. t::r:..t::ce ;~ncei . -ve'vc r vi-.~cek' 11-4-d'i~~''l cen-niry~tc~ . .\-I mwc -tait cic- tiI 11c .

Ci i 1.t'. 1? i~eC i~
t
ie'i i~. i.....jjj~.1mm ~ ~ r~~ r eeerettc -i-hc It r Itci:tte-m' el tillc- eerelif- oml Ill

c r . .:e-.. .-. .. t.-.. ~ -~:::: . ~ I'e;ln', c'e'. ccll t -re nmtek-romriril eNi;it.iI mtmn
t . .- : .':~ . .. I e ',c.: : ' iti.iii irr:c. I Oce ee-m~i m i\ mm r rutehi 1m.:jr n-411. io I oft !I,-

K . . . . *...... m. mii .ih 'tt -: m ec:t*I.:i mi im itjlm -1cii ee
. ~ ~ ~ ~ ~ I *.. ,..e- c mnmtig-ti

c. *. . .- i a~w . p*)ruab\- 1%3 d4oi.? W'. APPLIED) 01TICS

B est Available Copy



light. which can till be seen clearly in a lens illuminated
by a synthetic sun (Fig. :3). As in thle coronagraph thei
" solar image'' is occulted by a disk, and the lvnsý is
viewed in thle stray light. which passes the disk. Tlhe
sources of scattered light are:

1. D~iffraction at the aperturei of the objective lens.
If unobstruacted, this -diffract ion ring produces a mrdi-
anee in the field of the coronagraph of approximately 2

~ i.IiX 10 -1 of the mean solar radiance B.
2. A spurious solar image producevd by nault iple'

reflections in the objective lens. rhis image is about
'A6 of- the focal length away from the objective aind
introduces stray light of radiance

B -6 X 10-'(f/D) 1 B C,

where f is the focal length of thle objective and D) its
diameter. In Fig. 3 the central bright spot is slightly
out of focus.

: 3. Macroscopic inhomogeneities in thle glass. Small
bubbles and inclusions produce many of thle randomly4

S distributed starlike spots in Fig. 3.

Fig. 1. 'l'llu' molar clorollw its II lietcl iln allt rigillial drawinig
in till a104' Mr. 'l'slly, liveretitry or till- Royal Astronoinical "1 2

Slcie'ty. 'IliI (Irlwitig wits i111111 froin tho negative of a phlo- 1o 1 2

ttogrILlpIl tiladh 1)yt mrsi. Ailzli S. Mmlitider, who photograpli'd till-
'22 .Tatiitry 18148eclipse ait 'hluli, I lyderahshid(t oIf SItI lllilil triphi'-
eollted plalte'. 'Ilite collll'tjoll tetw-m'l the' lilter eforonll 604t

strotl~letle, whichl l'xtellll'lh to fill 11111181111 distallec ill 18118, and
lictivI' frigion~s (,il the sturflc' ofl thesif' 51 Ilts well its manelgltic CBaoSA

is limite o'Ilnly b y scatte(ring wuithbin the instrunment. ,0Sj
''ll(- batlloon-borne instrume(nt. Ian, in practice, be1

placed''l abov IonQI ly abolut. t~Y,(if till at mosphere, and X-.I.7AL

it is ne(cessarly to examnine tile( clllllharce ofI (Ii ll skylight "

a(t high lalt ittitis more1 c'losely3'. Il'easureinent tit X- .7.&

alt itudells o~f til to 25,0)00 m at.t wavelengths from 0.4

A' to t0.8 p sho1w at sky raldianceI of the ordler of 10 'a that - 2Bj
(If thll mean sollar dilsk." C'(omparison oIf till' ('oltna16
aind thll sky at, 25,M)I m, its in Fig. 2, sulgge'sts t-hat, at.

X- 1 .2 It the 'oro~na shoulld be vijsible to appro'(ximalte'ly

four so~lar radlii. Tlo (letec'(t Ihe c'orona at tile de'sire'd

six -olalr r'adii thle sky blac'kground in(Iit. be1 reduced ib' a
factorl of thbree 11y carrying (lilt thll oblsI'rvllt ions at. ain

lilt it fu(ll' (If 331,13(m) i.

'tt'(l lighlt in tihel'l, l'onagrnph ('an he( redlu'e'd to ai 0.
1  

____ - I.

(11(1ilinlI (f till I rl('ro(f 1t)-9t hat (If tilflivdtk of tihl su~nI

it vaOlue Ithat. is o~nly slighlt1'ly above till sky ecno'ulnted F'''l iig. 2. A comlparisonl (it thii' raldilnlcI If till' sky. tit 2t5,(l(53
(luring it sotlarl ec(lipse,"1 we shiall re'vie'w thel( scalttercing lnlti-rm and1 1 f tlhe 4olatr l'llfltjlllti coroviln lit wiVerlal wllvelen'gtit5

producell'ld in thIll tradihitio~nal LyOt ('II'(nllgrlaph . 'Ii' rad~ialilcIs from 011(.4.1 pu tit(0.8 M wcrI' mmlh'lls(lrl' Wile the1 (I
vahiII fIt lonlger wlO.'imigtilbB IerI' ilfi-'rrl'l froml till HiZVt dIls-

Sources of Scattering In the Lyot Coronag raph trihlotilll ofI thvl privivml'l' dll-wrinndli't. i3 ' i ofl111 ~ thil (igilllitr

In his pat ient ainaly'sis (If till' wl'lt tering by3 a simple rildilanrI's arc' pllottvd'lil1 It flltich 11111 0f til' liAIICtll'l frot 'Ilthll
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Table 1. Comparison of Scattering by Sample Coronagraph Lenses

1: I:ss - n:tlph.t. for
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iim-tit, - jil lj'ti i'1,t lnt lit' "('at tt'iig from ii parJtici jeitit a s~ata'llit a-blttilii' vo'mnttgnititl Shiould h It. idelt witl Ittlii'

2~i.~2.~:2 liwetir m i.ielLo e possibe ting -dof ionagraphsv m'in'ilind. At cotitingt pitt

Tal tlvn moft I llctit' Ivatlie wtikSt gi:iiilat (1 iliTabetIte ballontliuthes wit prtin le froiii a l' tgliasses l orf

stat tr 'tavi~l i' Itillc t i llenottat io of lih iittsIlints thiv tiseletation o tf :lesfet:ionagi li 11lenses it' eits' to tlievsoret
v liii'l f'(ilt :1.pivo mite signitim"int lv nto i stat tetsing 1in a nl pmmfo'iina o a'a lgtsii Wm setn''tii.

lv it' lng. 1 nmli' 1ig anitii' atl o in Solme ghad la the tltet ing eoronitgritplthe tnulssiat'lls

fact tha timv glanses anith liet fused.ý snailantan also and gtintilt ' b us wtamiet mura lltii~iia i n( mit ulsts pivvtiltsthei
,cIiigtv1v ilat las t aiillie ilit if ighit i' tl itcalt's wjlthsanit this ~ co sncin it et mote atrp lint i on uos tt ti itl,, tii mi t'l Ion

if) hci iia'n'lv tieliimi size 'hunge of Illiesi'' io tf \\ititim ilie glass (tf tlie( ot'linar-' s~'stt'i. ' Until new~
hultltit sliz's. Theii less fa't'tjiii'nt lili Itaiget' litililles eci'lini;iii's of ili-posit aug i'tiniplt'tely minlitoim toni ings
'till, of c'iiiiist,1'. liii''igniii'id1 itsindividutals. ( lllll ot imetal on gtliss ot' of pia'odoci'g pitlisliittle inetais oft
iioa in thle Ilhittaitii sataipli', liiwevei-, was aifan ent ii'i'lY hi gh qai tin tY are devclopttu to it sfithitint, stanitalar of

diljt~'i''i'l i'lini'nei'i' andim iilliiii'i ais a 'olillltti stlint oil' t'vxvi'ltnee, hi' aiineoiteil mirail' tml'(I'is a utseful tiller-

t'Namiinlitititolf(1 'al'tll I also shiows thaitt famint niat' stifa'ftit takeimaiw'iang'it' of tie teetvltt p;xiisli
stinrt 'lis andl st ita'e '(a-lilt d tajpioxitait t'l1 t 2 X 10tt whiic .i'll t Ntt t gi't'nI tom suieli media its glass or, ilanrtz :i s
))(-i' stii tell1 it tll t si t t llutng. .ii coitiiildtii thrtm cti- M-ill ta tlie fi0I'taintIltCi a'it't'tmtIni e t iiiT 1110 tla'IV bitilhiS inl
t1l,011 mbfIh lit h/t/Il- ,/.'if Il( cimitmilnt cii'ustnvi qh'ssics Ih('-1 thvIn' aniti m stat tc 1-it'I'iciipahlv itl tlii'- fin'war- i ltea'tii ii.
mt' IK-, i its It- 1its McI/itlt yiwitlt' qftfitmtd qtitti'k mit/u Mcti 1 )m-i t st s oif t ii', stat t eting t''tiaon a stample (if fuised Ii~ nalt z

lit d m'yl'O ti(/ptt/ Wicelh-u'iisX') .1,, (I vlut'-litt is t.,in- slitow t hat. t lit' a htint tigv at' low I iiikseiit t 'ir noiam I hlana
I. Alt Ititigli t lwi 1.V1' I'lens stat I 'as signitientitllY vi'wiinji'sati's fiat' thle d isadtvlluIntage oif the snmall iI'-e

tiiaa't thtian th ii'I st samples, it atom's ht sievim toii mla'si'r1't tli'ititY ori t-it(' I tailmary t''t'e li'iitt'''tIligilt.
Ilit'liat I tt'laittittn 'ii' lmIigt sen:t tea'ilgtg siaintlly tissattiti itl.( in stieta nt'ttrtaigi'Itpla shituidl he lit' at a'ist anl otlari taf
wvith Iilti gltass aa 'iit andc liiidiltlt'css bclit'msit its, :1 ami- aIltagnit titla' sanillmi'i thltan ill tw tia' atijee Ivias tatutniat-
olittieta ill a :Iia'11olia'aaintii t'mtitagniga'jla tis saiitttalt' tiolt gt'tai~l, vt'ati' pi'cstsiltI itivvtst ga litig thie plilt ititlit3'

gato tI Ilt I-I flintd obiet t t'iXt i iii. aof suitt it IrM'la'tt irig s'stei'm
Althoiiughi tlust' tpijititl tamdittia l 1mt'e t n anslnilit ill t lit I ispisuitl of the( kinlwantrteil rIldiatioi paissing thmrouighi

visiblela tgititi st''vi't'l of t tuu ili smult ma lma str'tnglY I lit pt'ilnit'Y siattait' Ct11a, otf m'mia'-st, tie 1i p-llt'itiail. Flit'
:1shltti wtanmcla'gt las. I 11'ýIt'a't iuttm'l~lv.. en-ft'tg ail.,ltstmrtm'm s, ot' tin aipwittie gliass ii liiant itialtution roat ingol tintll(

stit wola mtett'magth Its :I iaitiy ur ''ltti'llr a t11 fle l t'ia'i t' btitak si-act'tta is likel' tit heat thle nmia'oita exm'ssi'ely' iinil
flltor'st't'itu' andm cmlt 'iltitle ai iganitictatlaintnt tmo t hei aims' distortiait itt its tiguame I ltawv'vi'a, veiry simple

'irav light itt I lit- t'tta'utaagt'ajl tut, l'la Tis is Moltst riteil s'lvii'aiis, siii'l;i s slutwia ill 11g. 1. allow most. tif I ie(
1I'v tIii' itist of tiatlrtitim latipturim1 lv liliit Imtliwist' suit - vatutldint tat piss I llutammgli thl Inii' l'ttro ta t alight, trap
it1It' maaitvimuiai fait' vo'it'muaagra'lmt Ituai's whuitti whlut' while aaiat Ill tif t hi' invlititnk inIlium natast hit ithstirttid
it'u'tiiitta'l bYx ligtit it' wavelvnt't'aa sholtmaa thIaii 26ttt '
ttmmai'a'st'as illi lii tutmua itw ini tw lii luliti Sm'vea''ot itt tlt'

Ictas silitlt'hs tistitI ftii sutlatlilg tilsoa ixlal;hit Ititi-a
I-cm'st'uiau'm ina tli ta'isililt I. 'falat 1)i . 'lThv gtlmssts 'oltaiutll-I

tail, ~thnt t llai t Sa it. ticoatmi k if alilt' gtlls. lilt%*(-strontg
:0it'nijtii in tIlw 2tt0tt ttt WttOO A legiotn intl shmaow tlii

it't''im'm' mt III' '1,-2 glas.s smtiggv.sts ithat thmis mat tiatwisa'(.
c'\i'm'llita [Imias tatt-litaasiimilAild not bvlt'd millm it ta-o

%dwlii1'1t. lit' natalt ' l ilt m'tmviotlt'm tlmix is N t'mtt high . Poaio coat.tOf

smmttli'it'iat1"1
mt ulot %kni tt'l'itItl 11intitla i. 'l'mm a tiigit itt' rohtti'i'mt a' ri' grvist. tv tituceti
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]vs is t i- lott-I t it)a Flttig. fit-uc :l1it~s dvitt is rit llniat jitti

prjtival intt Ii occuti ngii t IIt dli stki alti hos mttglt ofiiti

I s- Ili seeola A lintn Iuth lit-ill- isigt to 'ittlz 1i iu 1t I-ti'ttvtt

'Ill ttit'p e ,'ttul' I,, lit itiIi ti itI ( It :itlt k I' ZIi )12 2, v tI iI t

Illodf , I I(. dffra-I ill I S mvl * alow Ihet.i

poiit' of a~ 2i\. iN vi a .le aitinofIlvIralmsil

Ilttl ot till.vs Itittir l Sideut itbc ot Ii iiult ptt itif-I-l io itc

fe-i v it r s. Tiht lies ii i l ii-it'lstopitiat I-In. H((( It- oh-u lk ttIi
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farFhriit from ill Vat.ssal ?.lap No.nt An / APPLED OPT 13



hll (Ai44vo1Ieg 114v :llg111 :lI 444' z ti~i l t ti 1

ting I ( i t21%cIIv

(22

I rcte d,, j 14141 44'l I lIfn t 11 I,% v lived , 4 m ly Ilt' 41in tI i~l~tI
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fit,, vnt siiising (i1 Iliv' 14f:14k4'1'Il Illill" still n p i- m

A\similarlil'vt'ill holadlsI'lar'41 ill J.
'hi'tts. 1h44 itlt l4.ii~lJ at V't i., n t bd 1,144th Iur144rh ii,"

/11, 11/1u .t i.'t i f.At lail pd hFi' ii Ilfllii 14 .4ll'h,4n 1441'

illid 4l'$ 'It.1 l tliV 114 itgI4 1the 4:1411lin 4441111 f441 ni

4Iviskll fi g s il I~ll. fi t 4 '4414 i m.I it41 I4 ' -w4'.il Il II

sIjg 'l' I. A i-it 1
4
'~4l : {'i t'iii' I 4e 11m)lz14 it.t 1m t

liven sigguslt,;llefl Inlka'slist'- ii'cuv illu4411 I- l~ I~iI 11

'IIIIIf i 144 Iici l1 jIl4na 14'lII -I I4''414 iI I-III Ig I A

.\ilkI l ul4 l aIr l '14it 11111441 t 1 dif m i t 44.1 44'ild 4)11 441 .4It I i-t

stl1-light sIIiltl'4'vs 1111 thus 41I no44 cotl14-I. lIghu i ill'i I hv

44441 114 tiJ4IlII't' m- 1 .0'S fli 4'11l~l4ltin i.4 Till I4Il I'i'

Ou44-v~s 114' Ilii ii' fi- 14f v~i~lt l In-a14j1114'il ..1\.4lilt,41141

lii. . 14',l.!rl'ili*l'' Ii'II 4 14'-II4' ''4'l 4 i44H11 I4 llfinv 44/1114' t- v1444iZ1'41 414'4'Il l i ý ( -u n Is' 4414' i ;I14'1 14:

441('Hi.- 1144.iil'II:4441 .4'4 livii''I Iit, h ... tr~i '''ii 114414 /4144 it thei aal alwd 7o - ltm diA i '4 11144I'II. 'i 4idivi~l il4
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1141"I o.4 I4C' ijtI tli A .l S it 1i44cl I c sCv otlC444 i'4 liii dC44isk is4 44-

144ninii I114 I4''4444' radiaionC dtiii-lldIjNtI'llc 1l44C'I'll'

it Im villI Il4 1 jug ihi rlw n'1ifi'i' It ) $Cinto4I CcIthel ohCl-i~k
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