The Atmosphere and Observing — A Guide to Astronomical Seeing

Excerptsfrom a web article by Damian Peach,
Asst. DirectorBAA Jupiter/Saturrsections

homepage.nivorld.com/dpeach78/seeing2002.htm

Sunsettthe ParanalObsenatoryin Chile, site of
theVeryLarge TelescopesConsideredby mary to
the bestlocationon Earthfor high resolutionAs-
tronomy (CourtesyESO.)

An obsenrer, bethey at a mountaintop obsenatory, or in their own backyard must, at all times
contendwith the Earth's atmospherelt is a notoriouslyunpredictableandlimiting factorin obtaining
fine views of the Planets,and closebinary stars. Many often comment,that seeingis all too often
mediocreon mostnights, but what arethe factorsthat contribute to this?. Are therewaysandsigns,
whichindicatewhethertheatmospherewyill be stableor turbulentonagivennight?.

1. The Causeof seeing.

So what exactly is atmosphericseeing? It is high frequeng temperaturdluctuationsof the
atmosphereandthe mixing of air parcelsof differenttemperatures/densitie$his behaiour of

the atmospherés seenat the eyepieceasa blurred, moving, or scintillatingimage. Thereare
roughly3 mainareasvhereAtmospheridurbulenceoccurs.Neargroundseeing(0 — 100metres
or so.) centraltropospheré100m— 2km), andHigh tropospherg6-12km.) Eachareaexhibits

differentcharacteristicsyhich areexplainedin moredetailbelow.

2. Lower Altitude effects.

Theair nearthegroundis wherethegreatmajority of turbulentairflow of theatmosphereccurs,
whichof coursenappenso betheareawherethegreatmajority of amateunobsenersarelocated!
This is causedmainly by areas(housesother building etc) of varying densityradiating heat
differently, resultingin local corvectioncurrents.This is causedvhenthe Sunheatsthe ground
duringthe day, andthe heatis thenradiatedaway at night. An un-varyingtopographysuchas
grassyfields,andlarge bodiesof waterarefavourableto obsere over, at they radiatethe stored
heatfrom thedaymoreslowly andequally

Also the telescopsétself canperturbthe image,if it hasnt reachedambienttemperaturethis
will resultin a “boiling effect” whenviewing. Oneshouldleave their scopefor at leastl hr
prior to observingandprobablylonger Also certaintypesof telescopeindobsenatoryaremore
proneto turbulence.Newtonianreflectorscanbe troublesomef not properlyventilated,ascan
SchmidtCassgrain?sif not left to cool for long enough. As for obsenatories,Domeshave
poorercharacteristicéor stableseeinghanrun of roof designs.

3. Mid- Altitude effects.

Theturbulenceatthesealtitudess determinedargely by thetopographyupwindof theobserving
site. Henceagain,living downwind of alarge city, or denselypopulatedarea,mountainrangeor
othervery variedtopographywill perturbthe atmosphereDownwind of a mountainpeakwill
disrupttheairflow into turbulenteddiesresultingin scintillatingimages.This effect canprevail



asfar as100kmdownwind of the peak.In this aspectijt is bestto obsene wherethe prevailing
windsacrossyour sitehave travelledoveranunvaryingterrain(large body of wateror hills/fields
for mary milesupwindof thesite.) Thiswill helpproducealaminarflow, andstableimages.

. High Altitude effects.

Effects at this altitude are causedby fastmoving “rivers” of air known as Jetstreams.Wind
shearsataroundthe 200-300mlaltitudelevel cancausamagesto appeaistable but very fuzzy,
anddevoid of fine detail. Thereisn’t anything the obsenrer cando to preventtheseeffects, but
forecastsareavailable,to help predictweathera Jetstreamis presentover your area. Areasof
theNorthernhemispherenostaffectedby the Polarjet streamarethe CentralUS, CanadaNorth
Africa, andNorthernJapan.The Jetstreams positionvarieswith the seasonstendingto move
further Southduringthe winter andspringmonths.

. Wherearethe bestlocationsfor goodseeing?.

The world’s finest locationsfor a stableatmosphereare mountaintop obsenatories,located
abovefrequentlyoccurringtemperaturénversionlayers wheretheprevailing windshave crossed
mary miles of ocean.Sitessuchasthese(La Palma, Tenerife,Hawaii, Paranaletc) frequently
enjoy superbseeingmuchof theyear (with measuredurbulenceaslow as0.11arcsecond®c-
curringattimes)dueto alaminarflow off theocean.Sealevellocations,onshorelineswherethe
prevailing winds have crossednary milesof ocean(Florida, Caribbearslands,Canarylslands
etc) can be almostas good, and generallyvery consistentand stableconditionsprevail there.
Also a major factoris generallyurvarying weatherpatterns,dominatedby large anti-gyclones
(High pressuresystems.) Areasoutsidetheselarge high-pressureystemshave more variable
weatheyrandaremoreproneto a morevariablestateof atmospheristability.

Other lesswell know locationswhere excellent stability prevails are the Island of Madeiras
highestpoint(Encumeaddlta, 1800m)whereseeings betterthanl1? arcsecondb0(Uzbekistan,
2600m)themedianseeingvalueobsenedfrom 1996-2000vasjust 0.69arcsecondspresenting
asitewith propertiesalmostasgoodasParanalandLa Palma.
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At left is a diagramshowving how
mountainsbreakup stableairflow
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8 A themountainpeaks.)

-
Jupiter

Turbulent Flow

>

. Predictingyour local seeing.

Sois it possibleto predictAtmosphericseeingwith any accurag?. The answerto this is yes,
mostof thetime. For examplepoorseeingwill almostalwaysoccurafteracold front haspassed
over, replacingthe warmerair, with coolerair, which often givesrise to local corvection,and
turbulent skies. However, precedinga cold front the air is warmer and more stable. This is



especiallytrue whena large High-pressuresystemhasbeenpresentandmist or fog forms. At
thesetimes,transpareng canbe reduced put seeingcanbe excellent. It is alsomy experience
that strongwinds are often associatedvith poor seeing. Anotherthing to look out for is what
type of cloudsare present. Lots of cumulusforming in the afternoondueto corvectionwill
probablymeanseeingwill be poorfor severalhoursaftersunsetHoweverif thewindsarelight,
andhigh altitudecirrusshavs a smoothlinearpattern this oftenindicateshatthe seeingwill be
good. It wasalsooncethoughtthat maritimelocationswerefar from optimal for goodseeing
conditions but aswe have seerearlierin thearticlethisis oftenfar from the case.

An eveneasiemway to quickly gaugef agivennightwill presenfine telescopioviewsis to sim-

ply seehow muchthestarsaretwinkling. If they twinkle little, andslowly, it probablyindicates
seeingconditionsarereasonablyood. However, if they aretwinkling madlyits probablya sign
theviewswill bepoor. This basicmethoddoeswork quitewell, but isn?t100turlulenceprevails

will notshaw itself asnoticeablgwinkling, andonemustsimply look throughtheir telescopéo

seewhat?shappening.

At left isadiagramshowvingacold
front, and associatedair masses.
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coolerair, resultingin significant
local corvection causing turbu-
lence.Seeingwon’t improve until
the ground/airtemperatureagain
equalize? this usuallytakessev-
eralhours.
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