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Damian Peach's

D Views of the Solar System

Anlexaminationlofitheleffectslofioptical

aberrations,lobstructionlandiseeingionireallPlanetarylimages.

ByiDamianlA.lPeach.

Introduction.

Itlislquiteloftentilreceivelelmailsiregardingitelescopelperformance,landiwhatitelescopesiarelthelbestitolchooselforiPlanetarylimagingipurposes.iDuringla
recentilengthylelmailidiscussioniwithiseveraliexperiencediobservers,landifurtheriresearchibyimyself,lildecideditolproducelalpagelishowinglhowiPlanetary
imageslarelaffectedibyitheluselofidifferentiapertures,lopticalierrors,icentralliobstructionlandiastronomicallseeing.lllalsolincludelforithoseimorelexperienced,
ModulationiTransferiFunctioni(MTF)iandiairyldisklimages.

Abovelallimyldesirelherelwasitolproducelalpagelshowinglobserversihowithelabovellistediissueslactuallylaffectiwhatitheyicanilikelylimageithroughithe

telescopesitheyluselwithoutithemibeingibaffledioriconfusedibyitalkioflissuesisuchlasIMTF iStrehliratiolandiwavefrontierrors.IAbovelalliwhatiwelwantitolhave
somelidealofiisihowitheselissueslactuallylaffectithelimagesiwelcanirecordithroughitheltelescopesiweluse.

Somelimportantinotes.

Somelimportantipointslilmustimakelclearitolthelreader.Firstlylilhaveltakenleveryleffortitolmakeltheselsimulatediimagesiasiaccuratelaslisipossible [Withithe
helplofithelexcellentiAberratori2iprogramidevelopedibyiCoriBerrevoets,lilhavelproducedisimulatediPlanetarylimagesiwhichiarelofigoodiaccuracy,landithis
articlelhasibelreviewedlbylseverallexperiencediastronomersibeforelposting.lObviously,litslimpossibleltolbel100%laccuratelinialsimulation,lbutitheyiwilligive
thelreaderfalveryligoodiidealofihowithelabovellistediissueslaffectireallimagesiandithelperformancelthaticanibelexpectediinialreallimagingisituation.(The
imagesiwheniviewed:fromiaidistancelofi50cmifromithelscreeniarelequivalentitolaipoweriofi1000xiusedionitheltelescope.lAlsolsomelfurtherlimportant
information(thelreaderishouldiconsider:

o 1.[Alllthelsimulatedlimagesl(unlesslotherwiselstated)larelforialtelescopeloperatingliniperfecticollimation.llicannotistressienoughithelimportancelofithis
issue,landiaimisicollimateditelescopelwillinotiperformiorideliverithelimageslitishould.

o 2.[Perfectlyifocusingthelimagelisicritical Jandiofigreatiimportant./Allimagesiarelforialperfectlyifocuseditelescope.

o 3.0Theltelescopeimustibelperfectlyicooled.[Evenitemperatureldifferencesliasllittlelasi0.5Cifromiambientiwillicauselturbulencelproblems.

Understanding/ResolutionlandiContrast

Twolpointslitlislimportantitolunderstandiisithelresolutionialtelescopelcaniprovide,landlhowithelcontrastiofithelobjectsiwelarelimaginglaffectslisirelatedto
whaticanibelrecorded.lltslofteniseeniquotediinithelDawesloriRayleighlcriterioniforlaigivenlaperture.iDaweslcriterionirefersitolthelseparationiofidoublelstars
oflequallbrightnessliniunobstructediapertures.[Thelvaluelcanigivenigivenibyithelfollowinglsimplelformula:

115/Aperturel(mm.)IForlexample,lai254mmiapertureltelescopelhasialdawesllimitiofi0.45"larciseconds.(TheldawesllimitlisireallylofilittleluselthelPlanetary
observer,laslitlappliesitolstellarlimages.iPlanetaryidetaillbehavesiquiteldifferently,landithelresolutionithaticanibelachievediisidirectlyirelateditoithelcontrastiof
thellobjectsiwelarellookinglat.JAlgreatiexamplelthaticanlbelusedifromimodernlimageslisiSaturn'siveryifinelEnckeldivisionliniringlA.IThelnarrowigaplhasian
actualiwidthiofljusti325kmiliwhichiconvertsitolanlapparentlangulariwidthlatithelringlansaelofijusti0.05"larcisecondsliiwelllbelowithelDaweslcriterionlofieven
attb0cmitelescope.lIni fact,itheldivisionicanibelrecordedliniai20cmitelescopelunderiexcellentiseeing,lexceedinglthelDawesllimitlbylalfactoriofi1 1itimes!.lHow
isithisipossible?.

Asimentionedlabove,icontrastiofithelfeaturesiwelarellookinglatlisicriticalltolhowifineltheldetaillisithatiwelcanirecord.'ThelPlanetslarelextendedlobjects,land

thelDawesloriRayleighicriterionidoesinotlapplyiherelasithesellimitsirefersitolpointisourcesiofiequallbrightness onlaiblackibackground.Inifactiitlisipossiblelfor
thellimititolbelexceededianywherelupitolarounditenitimeslionithelMooniandiPlanetsidependingionithelcontrastiofitheldetaillbeingiobserved/imaged.

Modulation(TransferlFunctionl(MTF.) [lWhatlthelgraphsishow.

AsiwelliasiproducingisimulatediPlanetarylimagesiforigiveniopticalisystems,lihavelalsolpublishedialongsidelthemiModulationiTransferiFunctioni(MTF)
Graphs.IModulation(TransferiFunctioni(MTF)iisithelscientificimeansiofievaluatingithelfundamentalispatialiresolutionlandicontrastiperformancelofianioptical
system,loricomponentsiofithatisystem.lAimoreldetailedidescriptioniofiwhatiM TFlisiwithlimagelexamplesicanibelfoundatithisilink:

http://www.normankoren.com/Tutorials/MTF .html|

Thelgraphsithemselvesiexaminelthelperformancelofithelopticalisystemiinitermsiofiitsispatialifrequencytandicontrast.0F orlexample,lalperfectiopticalisystem
wouldinotireducelthelcontrastiofithelsubjectiitlisirecording,lhoweverisinceltherelwilllalwaysibelresiduallaberrationslinianylisystemisomelreductionlinicontrast
islunavoidable.IResolutionlisloficoursellimitedibyithelaperturelitself.-TheIMTFigraphsishowihowimuchlaniopticalisystemireducesithelcontrastlandiresolution
fromiperfectiforiaigiveniopticalisystem.ITheltwolgraphiaxisirepresentialongihorizontallaxisispatialifrequency,iwhilelthelverticallaxis,icontrast.
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Thelsmalligraphlabovelshowslalverylsimplisticlviewlofithreeldifferentiopticalisystems.lA:lindicatesigoodiresolvingipowerlandigoodicontrast.iB:lIndicatesigoodicontrastibutipooriresolving
power.IC:lIndicatesigoodiresolvinglpoweributipooricontrast.

TheIMTFigraphiisithelmostipowerfullandidetailediwayitolexaminelanliopticalisystemiinidetail landithelaffectsliallimanneriofiaberrationsihavelonlit.lltlalso
allowslus(tolgeneratelaccuratelsimulatediimagesibasedionithelaberrations.

ThelTestiSubject.

ThelsubjectiithavelchoseniforithelsimulatediimageslisithelPlanetlSaturn./Saturnlislaigoodichoicelaslitthasifeaturesithaticonsistiofiveryihighicontrastidetails
(itslringslandidivisions)iwhilelitsiglobelconsistsiofiveryllowicontrastidetaill(itslbeltsiandizones. )

Parti1.)Performancelofidifferentlaperturelsizes.

lllustratediherelyou'llifindisimulatediPlanetarylimagesiandigraphsifori10,0115,120,125,1300and4 0cmitelescopes.iTheselexampleslarelperformedioniSaturniat
46"lapparentidiameteriacrossithelmajoriaxisiofithelringsiwhichiisitypicalicloseltolopposition.
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Figurel1:1AnIMTFichartigeneratediforitwoltelescopes,lonelhalfiofithelaperturelofithelother.litlisiclearthowithellargeriaperturelisiableltolresolvelmuchifineridetailsithanithelsmallerione.

Figurel2:1Sixidifferentiviewslofithelairyldiskiproducedibyisixidifferentlaperturesisizesiofiidenticaliqualitylwithinolobstructionioriatmosphericiturbulence Jltsiverylapparentiherelwhyilarger
telescopesishowlmuchifineridetaillthanismalleriones.lA:110cm.0B:015¢m.IC:020cm.ID:125¢cmiE:130cmiF:140cm.
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Figuren3:1SixidifferentiviewslofiSaturn.

A:10cmiaperture.l1/8thiwavelSphericallAberration.ilUnobstructed.INolatmosphericiturbulence.
B:015cmlaperture.i1/8thiwavelSphericallAberration.lUnobstructed.INolatmosphericiturbulence.
C:120cmiaperture.l1/8thiwavelSphericallAberration.ilUnobstructed.INolatmosphericiturbulence.
D:125cmiaperture.i1/8thiwavelSphericallAberration.ilUnobstructed.INolatmosphericiturbulence.
E:030cmiaperture.[1/8thiwavelSphericallAberration.lUnobstructed.iNolatmosphericiturbulence.

F:140cmiaperture.i1/8thiwavelSphericallAberration.lUnobstructed.INolatmosphericiturbulence.
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Parti2.)Performanceleffectslofidifferentisizelcentraliobstructions.

HerelwelexaminelSaturnlimagesithroughlal25cmiaperturelitelescope,iwithi1/8thiwavelSphericallAberration,landinolturbulencelandialcentraliobstructionisize

0fi0%,020%,130%0andi50%lofithelapertureldiameter.

Figuren4:FouridifferentiviewslofiSaturn.

A:25¢cmiaperture.l1/8thiwavelSphericallAberration.ilUnobstructed.INolatmosphericiturbulence.

B:025cmlaperture.i1/8thiwavelSphericallAberration.[20%lobstruction.INolatmosphericiturbulence.
C:125cmiaperture.i1/8thiwavelSphericallAberration.130%0obstruction.INolatmosphericlturbulence.

D:125cmiaperture.i1/8thiwavelSphericallAberration.150%0obstruction.INolatmosphericiturbulence.
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Figurel5:1ThreeIMTFigraphsishowingihowithellargerithelobstructionibecomes,ithelmoreldegradedithelperformancelbecomeslinithelmiditollowfrequenciesi(suchiaslJovianicloudidetails. )IAt
thelhighicontrastifineldetaillendi(suchlasiSaturn'siringidivisions),ithelperformancelofithelobstructeditelescopelisislightlylsuperioritolaniunobstructediaperture.lObstructionsllargerithaniabout
35%I0degradeltolthelmidiandilowifrequencyidetailitolallevelinotlacceptableliniPlanetarylimaging.

WelalsollearnifromifurtheriexaminationiofithelM TFigraphsi(graphsinotipublishedihere)ithatiforilexamplelaitelescopelofi25cmiapertureiwithi30%Icentral
obstructioniwilligivelthelsamelperformancelonimidilowlfrequencyidetailsi(Satum'sibelts/zonesiforiexample)iasianiunobstructediinstrumentiwithialdiameter
aroundi30%Ilessl(178mmiforiai254mm.)iThelperformancelinthighlfrequencyidetailsi(suchiasiSaturn'sirings/divisions)lisislightlylbetteriforithelobstructed
instrumentithanianiunobstructediinstrumentiofithelsamelaperture.

Parti3.)PerformanceleffectsiwithivaryingldegreesiofiSphericallAberration.

HerelwelexamineltheleffectslofivaryingidegreesiofithelcommoniopticallproblemiofisphericallaberrationioniSaturnlimagesithroughianiunobstructedi25¢cm
telescopelunderiperfectiseeing.

Figurel6:0FouridifferentiviewslofiSaturn.
A:25¢cmiaperture.l1/10thiwavelSphericallAberration.lUnobstructed.INolatmosphericiturbulence.
B:025cmlaperture.i1/8thiwavelSphericallAberration.lUnobstructed.INolatmosphericiturbulence.
C:125cmiaperture.i1/4thiwavelSphericallAberration.ilUnobstructed.INolatmosphericiturbulence.

D:125cmiaperture.i1/2thiwavelSphericallAberration.ilUnobstructed.INolatmosphericiturbulence.
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Figurel7:1FourIMTFIgraphsishowinglhowivaryingidegreesiofisphericaliaberrationiaffectianiunobstructedi25cmitelescopelunderiperfectiseeingliconditions.i1/10thlandi1/8thiwavellevels
hardlyldifferifromialperfectiaperture.i1/4thiwavelgiveslaiverylsimilariperformanceltolhavinglal35%lcentraliobstruction.lAtl1/2iwavelallifrequencieslarelseriouslyldegradediandithislisian
unacceptablellevellofiperformance.

Parti4.)PerformanceleffectsiwithivaryingidegreeslofiAtmosphericiTurbulence.

PerhapsithelmostideleteriousleffectionlanylopticallsystemiisithaticausedibyitheleveripresentiAtmosphericiturbulence.iBelowlisipresenteditheleffectsliof
varyingldegreeslofiturbulencelonial25cm,130%lobstructed,1/8thiwavefrontisystem.limagesishowing(thelintralandlextraifocullstarlimagesidiwaves
defocused,landlinifocuslimageslarelalsolpresentlinithelsimulatediimageryibelow.
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A:i25¢cmiaperture.)1/8thiwavelSphericallAberration.130%0obstructed.INolatmosphericlturbulence.
B:025cmiaperture.01/8thiwavelSphericallAberration.030%lobstructed.10.05wavesiIRMSatmosphericiturbulence.
C:125cmiaperture.l1/8thiwavelSphericallAberration.130%0obstructed.l0.15wavesiRMSlatmosphericiturbulence.

D:125cmiaperture.l1/8thiwavelSphericallAberration.130%0obstructed.l0.25lwavesiRMSlatmosphericiturbulence.
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Figurel8:1Left:IAnIMTFigraphishowingithelaboveltelescopelaffectedibyitypicall0. 15iwavesIRMSloflturbulencel(pointiClinithelabovelchart)iwhichiwouldibelconsideredialfairiratinglonithe
Pickeringlseeinglscale.lltibecomesiveryiclearthowisignificantlyithelatmospherelaffectsiwhatiwelcanthopeltolrecord,ifarimorelthanianylofithelpreviouslissuesisincelitlisisomethingitolalvery
largeldegreeliwelcaninoticontroli(unlikelqualitylissues,loricollimationletc.) ThelGraphishowslisignificantlylreducediperformancelacrosslallifrequencies.IRight:0Alsimulatedianimationishowing
alstarlonlalnightiofifairiseeingiconditions.

Parti5.)Performanceleffectsiwithldifferentlapertures/obstructions/opticallerrors.

Infthisisectioniwelexaminelthelperformancelofidifferentisizelaperturesiagainstieachiotheriwithivaryingidegreesiofiopticaliqualitylandiobstruction.
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A:10cmiaperture.l1/10thiwavelSphericallAberration.lunlobstructed.INolatmosphericiturbulence.

B:015cmiaperture.01/10thiwavelSphericallAberration.lunlobstructed.iINolatmosphericiturbulence.
C:120cmiaperture.l1/4thiwavelSphericallAberration.135%Iobstructed.INolatmosphericiturbulence.
D:125cmiaperture.01/10thiwavelSphericallAberration.130%[obstructed.INolatmosphericiturbulence.
E:025cmiaperture.[1/10thiwavelSphericallAberration.115%I0obstructed.lINolatmosphericiturbulence.

F:135cmiaperture.i1/4thiwavelSphericallAberration.135%[obstructed.INolatmosphericlturbulence.

Fromithelabovelsimulationsiwelcaniseelhowldifferentlaperturesisizes,iwithidifferentiobstructionsiandiopticaliqualitylperformionithelsameltarget.lltsiquite
obviouslthelbestlperformancelofialllisifoundliniD,[ElandiFlimages.IOficourse,theselsimulationsiarelforiperfectiseeingiconditionsliisomethingiveryirarely
seenlinllargeritelescopesifromithelEarth'sisurface.lF orlexamplelthelsimulatedi35cmitelescopelinlimagelElwouldibelfarimorelaffectedibyithelatmospheric
seeing(thanithel100andi15cmiaperturesliniAlandiBlhencelthoselsmalleriaperturesibeinglableltolgiveldiffractionllimitediviewslialmuchihigheripercentagelofithe
timelthanimuchilargeriapertures.

Somelfinalithoughts...

Fromithelinformationigenerated,Jonelprimarylissuelofialllbecomesiclear./Whilelsmallerihighiqualitylapertures,laigoodiamountiofitheltimelcanigivela
performancelthatlisiveryicloseltolthelinstrumentitheoreticalllimit,llargerlaperturesicaninotidueltolthellimitationslimpartedibylastronomicaliseeing.iButlalsolwe
havelotherlissuesitoiconsideriforialtelescopelbestisuiteditolPlanetarylobservation:

1.JHowlbiglalbudgetiwelhave.

2.Isthelinstrumentitolbelpermanentlyllocatediorisetiup/transportedieachitime?.
3.IHowigoodiisithellocationifromiwhichiwelobservelwithiregarditolastronomicaliseeing?.
Otherlissueslsuchlaslcollimationlaccuracy,focuslaccuracy,ithermallequilibriumiandlabovelalllastronomicallseeingiarelreallylofimuchigreatericoncernithan
thelsmalllperformanceldifferences(thatiactuallylexistibetweenitelescopesiunderilabitest"iconditions.lAlsolitlbecomesiclearithaticentrallobstructionlisia
greatlyloverblownlissuelwhenlitslaffectsiarelplacediagainstithoselcausedibyisolmanylotherifactorsi(suchiasithoseloutlined.)
Perhapslthelbiggesticoncernlabovelthemiall lisluserithelfriendlinessiofithelinstrument.lAfteriall,iwelaren'tilikelyltolobservelveryifrequentlyiwithisomethingithat

isidifficultiorifrustratingtoluse.linithelend,ithelbestitelescopeltolownlisiultimatelylaltradeloffiofimanyidifferentlissuesiandiitslimportantinotitolbecomelfixated
onlalsinglelissuelthatlinitheliwideriperspectivelofithingslisn'tiofigreatlimportance.

http://www.damianpeach.com/simul ation.htm 03/16/2006



http://www.damianpeach.com/simulation.htm

Courses in Astrophotography Page 8 of 8

Home

Copyright©20032004. www.damianpeach.com.No/material used(within this website may beused,lamended ordistributed without'the consent of the webmaster.

http://www.damianpeach.com/simul ation.htm 03/16/2006



http://www.damianpeach.com.
http://www.damianpeach.com/simulation.htm

