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Damion Peach's

Views of the Solar Sust

ThelAtmospherelandiObserving

ByiDamianiPeach.

Figi01:0SunsetiatiCerrolParanaliObservatoryliniChilel-isitelofithelVLT's.IConsideredibyimanyitolthelbestilocationloniEarthiforthigh
resolutionlAstronomy.}(CourtesylESO.)

Introduction

Anlobserver,lbeltheylatlaimountainitoplobservatory,lorfinitheirfiownibacklyardimust,atiallitimesicontendiwithithe
Earth’slatmosphere.lltlislainotoriouslylunpredictablelandlimitingifactorliniobtainingifinelviewslofithelPlanets,land
closelbinaryistars.IManyloftenicomment,iespeciallylherelinithelUK(thatiseeinglisiallitooloftenimediocrelonimost
nights,lbutiwhatlarelthelfactors(thaticontributeltolthis?.IAreltherelwayslandisigns,iwhichlindicatelwhetherithe
atmosphere,[willibelstableloriturbulentionialgiveninight?.

WhatlislSeeing?

Solwhatlexactlylislatmosphericiseeing?l itlisthightfrequencyitemperaturelfluctuationsiofithelatmosphere,landitheimixinglofiair
“parcels”lofidifferentitemperatures/densities.iThislbehaviouriofithelatmospherelisiseeniatitheleyepiecelasialblurred,imoving,
oriscintillatinglimage.[Therelarelroughlyi3imainiareasiwherelAtmosphericiturbulenceloccurs.Nearigroundiseeingl( 0
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100metresloriso.)icentralitropospherel(100mi-2km),landiHighitropospherel(6012km.)IEachiarealexhibitsidifferent
characteristics,iwhichiarelexplainediinimoreldetaillbelow.

o LowerlAltitudelEffects: Thelairinearithelgroundlisiwherelthelgreatimajoritylofiturbulentiairflowlofithe
atmosphereloccurs,iwhichloficourselhappensitolbelthelarealwherelthelgreatimajorityloflamateuriobservers
arellocated! [ Thislisicausedimainlylbyiareasi(houses,lotherfbuildingletc)lofivaryingidensityiradiatinglheat
differently,lresultinglinilocaliconvectionicurrents.[ThislisicausediwhenithelSuniheats(thelgroundiduringithe
day,landithelheatlisitheniradiatediawaylatinight.JAniunivaryingitopography,isuchiasigrassylfields,landllarge
bodieslofiwaterlarelfavourableltolobservelover,latitheylradiatelthelstorediheatifromitheldayimorelslowlyland
equally.

Alsoltheltelescopelitselficaniperturbithelimage lifiithasn tireachediambientitemperature, [thisiwilliresultiinla
“boilingleffectlwheniviewing.lOnelshouldlleaveltheiriscopelforiatileasti1ihriprioritolobservinglandiprobably
longer.IAlsolcertainitypesiofitelescopelandiobservatorylarelmorelproneltoiturbulence.INewtonianireflectors
canlbeltroublesomelifinotiproperlyiventilated,lasicaniSchmidtiCassegrain’slifinotileftitoicooliforfllonglenough.
Aslforlobservatories,)]Domesihavelpoorericharacteristicsiforistablelseeingithaniruniofiroofidesigns.

o MidiiAltitudelEffects: Thelturbulencelatitheselaltitudeslisideterminedilargelylbyitheltopographylupwindiof
thelobservinglsite.[Hencelagain,llivingldownwindioflallargelcity,loridenselylpopulatediarea,imountainirange
orlotheriveryivarieditopographyiwilliperturbithelatmosphere.IDownwindioflaimountainipeakiwillidisruptithe
airflowlintolturbulentieddies, lresultingliniscintillatinglimages. Thisleffecticaniprevaillasifariasi100km
downwindiofithelpeak.lInithislaspect,litlisibestitolobservelwherelthelprevailingiwindslacrosslyourisitelhave
travelledloveriianiunvaryingiterraini(largelbodylofiwateriorthills/fieldsiforimanyimilesiupwindlofithelsite.)IThis
willlhelplproducelallaminariflow,landistablelimages.

o HighlAltitudelEffects: Effectsiatithislaltitudelarelicausedibyifastimovingl“rivers’loflairiknowlaslJetistreams.
Windishearslatlaroundithel2000300mbtaltitudellevelicanicauselimagesitolappearistable,lbutiveryifuzzy,land
devoidlofifineldetail.ITherelisn’tlanythingithelobservericanidoltolpreventitheseleffects,lbutiforecastsiare
available,[tolhelplpredictiweatherialJetistreamiisipresentioveriyouriarea.lAreaslofithelNorthernihemisphere
mostlaffectedibyithelPolarijetistreamiarelthelCentrallUS,iCanada,NorthiAfrica,landiNortherniJapan.iThelJet
stream’slpositionivariesiwith(thelseasons,ltendingitolmovelfurtheriSouthiduringithelwinterfandispring
months.

Thelbestllocations(forigoodiseeing

Thelworld'slfinestllocationsiforialstablelatmospherelarelmountainitoplobservatories,llocatediabovelfrequently
occurringitemperaturelinversionllayers,iwherelthelprevailingiwindsthavelcrossedimanyimilesiofiocean.iSitesisuch
aslthesel(LalPalma,iTenerife,iHawaii,IParanalletc)ifrequentlylenjoyisuperbiseeingimuchiofithelyear,)(with
measuredturbulencelasilowlasi0.11"larclsecondslioccurringlatitimes)idueltolallaminartflowloffithelocean.iSeallevel
locations,lonishorelines,lwherelthelprevailingiwindsihavelcrossedimanyimilesiofloceani(Florida,iCaribbeanilslands,
Canaryllslandsietc)icanibelalmostlasigood,landigenerallyiveryiconsistentiandistablelconditionsiprevailithere.lAlso
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almajortfactorisigenerallylunvaryingiweatherfpatterns,ldominatedibyilargelantilcyclonesi(Highlpressurelsystems.)
Areasloutsidelthesellargelhighipressurelsystemsihavelmorelvariablelweather,landlareImorelproneltolalmore
variablelstateloflatmosphericistability.

Other,llessiwelllknowilocationsiwherelexcellentistabilitylprevailsiarelthellslandiofiMadeira’sthighestipoint
(EncumeadalAlta,11800m)iwherelseeinglisibetterithani1larcisecondi50%Ioftheltime.IAtIMountiMaidanak
(Uzbekistan,12600m)ithelmedianiseeingivaluelobservedifromi199612000iwasljusti0.69 Tarclseconds,lpresentingla
sitelwithipropertiesialmostiasigoodiasiParanallandiLalPalma.

Figurel02; Abovelarelthelobservatoriesi(Left)IRoquelDelLosiMuchachosloniLalPalma,landi(Right)lObservatorioldeliTeideloniTenerife.
Bothlarellocatediati2400miabovelseallevel landlarelamonglthelworldsifinestiobservingllocations.IMeasurediturbulencelvalueslatithese
locationslisibetterithani1 larcisecondialstaggeringi80%Uofithelyear.i(CourtesylENO.)
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Figurel2a.jpg:lAbovelislaldiagramishowingthowimountainsibreakiupistableairflowlintolturbulence.iNoteltheldifferencelinithelprobable
viewslfromisitelAl(facinglintolthelprevailingiwindsloffithelocean)landisitelBi(Locatedionitheldownwindisidelofithelmountainipeaks.)

Predictinglyourilocaliseeing

SolislitlpossibleltolpredictiAtmosphericiseeingiwithianylaccuracy?.[Thelanswerttolthislislyes,Jmostiofitheltime.0F or
examplelpooriseeingiwilllalmostialwaysloccurlafterialcoldifrontlhasipassediover,ireplacingithelwarmerfair,iwith
coolerlair,jwhichioftenigivesiriseltollocaliconvection,landiturbulentiskies.lHowever,lprecedinglaicoldifrontithelairlis
warmer,Jlandimorelstable.[ThislislespeciallyltruelwhenlallargelHighlpressurelsystemihasibeenipresent,landimistior
fogiforms.IAtltheseltimes,[transparencyicanibelreduced,butiseeingicanibelexcellent.lltlislalsoimylexperiencelthat
strongiwindslareloftenlassociatediwithipooriseeing.lAnotherithingitollookloutiforlisiwhatitypeloficloudsiarelpresent.
Lotsloficumulusiforminglinithelafternoonidueltoiconvectioniwilllprobablyimeaniseeingiwilllbelpooriforiseveralihours
afterisunset.iHoweverlifithelwindslarellight,Jandlhighlaltitudelcirrusishowslalismoothilinearipattern,thisioften
indicateslthatithelseeingiwillloelgood.lliwaslalsoloncelthoughtithatimaritimellocationsiwerelfarlfromioptimalifor
goodiseeinglconditions,lbutlasiwelhavelseeniearlierlinithelarticlelthislisloftenifarifromithelcase.

Anlevenieasieriwayitolquicklylgaugelifialgiveninightiwillipresentifineltelescopiciviewslisitolsimplyiseelhowimuch
thelstarslareltwinkling [Ifitheyitwinklellittle,landislowly litiprobablylindicatesiseeinglconditionslarelreasonablyigood.
However [lifitheylareltwinklingimadlylitsiprobablylaisignithelviewsiwilllbelpoor.iThislbasicimethodidoesiworkiquite
well,lbutlisn’tl100%!laccurate.INightsiwhenifast,lhighlaltitudelturbulencelprevailsiwillinotishowlitselfiasinoticeable
twinkling,Jlandionelmustisimplyllookithroughitheiritelescopeltolseeliwhat’sthappening.
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Figurel03: Abovelisialdiagramishowinglalcoldifront,landiassociatediairimasses.Thelairlprecedingithelfrontiisiolder,jandiwarmer,land
generallylquitelstablelasithelground/airitemperatureldifferencelisismall.lHowever lafterithelfrontipasses,ithelwarmeriairlisireplacediby
coolerfair,Iresultinglinisignificantllocaliconvectionicausinglturbulence.iSeeingiwontlimproveluntilithelground/airitemperaturesiagain
equalizel-ithislusuallyltakeslseveralthours.

Alscalelofiseeing

Manyiscalesihavelbeenldeviseditolratelhowisteadyithelatmospherelisionialgiveninight.iBelowlislionelofithelmost
popularliniuse,landionellipersonallyluse.iThisiscalelofiseeinglisithelPickeringlScale,ldevisedibyiHarvard
Observatory'siWilliamiH.[Pickeringl(185811938).IPickeringlusedialslinchirefractorftoldeviselthelscale.lHis
commentslaboutidiffractionipatternsiwilllhaveltolbelmodifiediforilargeriorismallerlinstruments.IAlgoodistartinglpoint:

p1.0Starlimagelisiusuallylaboutitwiceltheldiameteriofithelthirdidiffractioniringlifithelringicouldibelseen;lstarlimage
13"linidiameter.

p2.llmageloccasionallyitwiceltheldiameteriofitheithirdiringi(13").
p3.llmagelaboutithelsameldiameteriasithelthirdiringl(6.7"),landibrighteriatithelcentre.
p4.[ThelcentrallAiryidiffractionidiskioftenlvisible;larcsiofidiffractionlringsisometimesiseenionibrighteristars.
p5.[Airyldiskialwayslvisible;larcsifrequentlylseenionlbrighteristars.
p6.0Airyldiskialwayslvisible;ishortlarcsiconstantlyiseen.
p7.IDiskisometimesisharplyldefined;ldiffractioniringsiseentasilongiarcsioricompletelcircles.
p8.Disklalwayslsharplyldefinediringsiseeniasllonglarcsloricompletelcircles,lbutlalwayslinimotion.
p9.[Thelinnerldiffractionlringlisistationary.lOuteriringsimomentarilyistationary.

p10.0Thelcompleteldiffractionlpatterniisistationary.

Note:IOn(thislscalel102lisiveryipoor,i3i4lisipoor,i5lisifair,160 7lisigood,l718verylgood,landi8i 1 0lexcellent.

http://www.dami anpeach.com/seeingl.htm 03/16/2006


http://www.damianpeach.com/seeing1.htm

Courses in Astrophotography Page 6 of 8

SeeinglinithelUSA/UK | Goodloribad?

Asllthavelmentioned,ithellocaligeographylofiallocationiplaysiaimajoripartionthowisteadyithelseeingiwilllbe.lInlthe
UnitediStates,(certainilocationslarelinigeneralimuchimorelfavourablelthaniothers.iThelbestistateslareliniGeneral
thoselcloseltolthelSoutheasternisidelofithelcontinent.liniFloridal(theleasternisealboardiespecially)ifromiMiamilto
KeyiWestlenjoyslstablelseeingithroughoutithelyearidueltolitsiconsistentlhighipressurelsystems,llaminariflowloffithe
Ocean/GulflofiMexico,landitemperaturelinversionsithatiformicloseltoitheleasternicoasts.lAveragelseeingiherelhas
beenireporteditolbelbetterithani1larcisecondimostiofithelyear.iOtherigoodilocationslarelthelGulficoast,land
Arizona.ITheImorelnortherlylUSistatesitowardithelCanadianiborderfoftenihavelpooreriseeingldueltolthelfrequent
presencelofithelPolariJetistream.

AsiforfthelUnitediKingdom,loverithellasti3i4lyearsilihavelpaidiparticulariattentionitolhowithelseeinglhasibehavediat
mylown(location,lwhichiwasliniKingsiLynniNorfolkiuntillDecl01,landinowiRochester,IKentl(bothlinithelSouthiEastiof
thelcountry).

SeeinglatithelKingsiLynnisitel(locatedionialbalcony,laroundi3imilesifromitheiNorthiSealcoast,landi30ftlabove
groundilevel)iprovediquiteiconsistentiduringithel1998(tol2001period.lAtIRochester,1Kentl(NearithelSouthlEast
CoastiofithelCountry)latlaboutl100mialtitudelpresentediquitelconsistentigoodiseeingiduringi2002.

ButiwhatiaboutitheINorthiofithelUK?.[Havingireceivedireportsifromiexperiencediplanetaryiobservers [itidoesiseem
thelseeingifurtheriNorthlisllessistable,landifrequentlylpooriatitimes,isolitidoesiseemithelmorelstablelairlisilocated
furtheriSouth,iwherelthelweatherlisibetter. IAlso,lthelseeinglvariesiwithithelseasonslinithelUK,iwith. Thelbestiseeing
occurringlinisummerimonths,landiworstioccurringliniwinter

1340nightsibetweeniJunel Novi1999:

(35%)012mnightsiwerelofiPickeringiratingi4torilessi(poor.)
(61%)021inightsiwerelofiPickeringiratingiSloribetteri(fairiilexcellent.)

(32%)011mnightsiwerelofiPickeringiratingi7loribetteri(goodliexcellent.)

270nightsibetweeniJulyl00 — Febl01:

(18%)050nightsiwerelofiPickeringi4iratinglorilessi(poor.)
(81%)022inightsiwerelofiPickeringi5lratingloribetteri(fairi-Jexcellent.)

(33%)09nightsiwerelofiPickeringl7iratingloribetteri(goodiiexcellent.)

230nightsibetweeniJani02 — Aprill021(Rochester,iIKent,JUK.)

(13%)030nightsiwerelofiPickeringlratingi4lorilessi(poor.)

(87%)020mnightsiwerelofiPickeringiratingisloribetteri(fairi-Jexcellent.)
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(39%)09nightsiwerelofiPickeringlratingl7loribetterl(goodi-lexcellent.)

[0Figi04: Abovelisialchartishowinglthelobservediconditionsiatimylobservinglsitesioveri3iJupiterlapparitions.

Thelresultsishowlsitesiwithireasonablylgoodistability.[TheldatalrevealedithelbestiseeinglusuallyloccursiduringlJulyl
October,iwithithelpoorestiseeingloccurringiduringlDecember,IbutiagainiimprovingiduringlFebruaryiMarch.(ltsiworth
notinglthatithelbestiseeingloccurrediduringlperiodsiwhenithelweatheriwasimorelsettlediforialfewidays,whichirarely
occurslinithelUKIWinter.INightslofihighthumidityiwereloftenigoodi(asimanylobserversisay)ibutinotiall./Seeingiwas
alwaysligoodiwhenlanytfog/mistiwasipresent.

Figi05.1AidrawinglofiJupiteribyithelauthor,Isimulateditolshowi3idifferentiviewslaslathighiqualityl25icmireflectoriwouldishowithelPlanetiat
powerslofi350x.0(farlleft)lunderlexcellentiseeing,i(centre)lunderifairiseeing,landi(farliright)lverylpooriseeing.

Catchingithatigreatinight

Forimanylobservers,litiwilllbelaimatterfofipatiencelbeforelthatinightiofigreatiseeingloccurs,landilladviselthe
observeritolnotimissinightsithatimaylpresentithelrightimeteorologicaliconditionslasil'veldescribed.lWheniitidoes,
it stlalmemorablelexperience.lUnderftheselconditionsl(providedithelscopelisiofigoodiquality,Jandiproperly
collimated)lonelsuddenlylrealisesithelamazingicapabilitieslofithelamateuritelescope.iThelsmallestidetailsibecome
visiblelonitheldiskioflJupiter,iwithianlintricatelmazeloficolourfulldetaillpresentinglitself.[Saturn’sloftenimostly
featurelessidisk,lsuddenlyitransformslintolalplanetiofifinelbeltsiandizones,iwithiwonderfulicoloursivisiblelinilarger
telescopes.ButithelPlanetslaren’tithelonlylobjects,lwhichiwillicaptivatelthelobserver.iGlobulariclusters,landiclose
binaryistarsiappeariasisharplaslisipossible,withialmosti3IDlviews.

Abovelallithough,imakelsurelyoulenjoyithelexperience,laslitldoesn’tthappeniveryloften.IManyiwilllperhapsionlyiget

alcouplelofinightsiduringithelwholelyeariwithisuchiconditions,iwhilstiotherslinifavoredilocationsiwilllhavelmany.
Eitheriway litlhelpsiusiallitolappreciatelitheluniverseliniwhichiwelliveljustithatilittlelbitimorelclearly.

http://www.dami anpeach.com/seeingl.htm 03/16/2006


http://www.damianpeach.com/seeing1.htm

Courses in Astrophotography Page 8 of 8

Home

Copyright(©2003:2004. www.damianpeach.com. No material usedwithin this website(may beused,lamended ordistributed without/the
consent of thelwebmaster.

http://www.dami anpeach.com/seeingl.htm 03/16/2006


http://www.damianpeach.com.
http://www.damianpeach.com/seeing1.htm

