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1. Intr oduction

Photometryis the part of observationahstronomythat deals
with measuremenbf the intensity of radiation from celes-
tial objects.Photometricobservationsre definedin different
wavelengthrangesusingfilters in front of the detectorIn the
opticalwavelengthrangeonespeakf broadband,intermedi-
atebandandnarrowbandphotometrywhenthewavelengthin-

tervalsareof theorder100nm, 20 nmand5 nmrespectivelylf

theresolutionis higheronespeak®of spectraphotometry

2. Photometric systems

This sectionrefer to Bessell(1992. A light detector a tele-
scope,a setof coloredfilters and a methodfor correctionof
atmospheri@xtinctionmakeup a naturalphotometricsystem.
Thestandarasystenis definedby alist of magnitudesndcol-
orsmeasuredor asetof typicalstandardtars.Theterm”color”
is an abbreviationfor "color index”, which is the difference
betweenthe apparenmagnitudesn two differentspectralre-
gions.The zeropoint of manycolor systemds setsothatthe
starAlphaLyrae(Vega)haszerocolors.The purposesvith the
filters and the resultingcolor indicesareto extractsomeim-
portantfeaturedrom thestellarspectrumThusfor examplehe
temperaturandmetallicity of astarcanbeobtainedrom multi
color photometry

The mostimportantof early works of photo electric photo-

metryarethebroadbandJohnsordBVRI andKron RI systems,
which coveredhewavelengthregionbetweerB10nmand900

nm.

Anotherimportantfilter systemis the intermediatébandubvy

systemby Stromgren.This systemwasdevisedo bettermeas-
uretheBalmerdiscontinuity themetallicity andtemperaturef

A, B andF stars.

Therearemanyotherfilter systemsavailable designedor dif-
ferentstellartypesandconditions.For examplethe DDO sys-
tem, the uvgr system the Genevasystem the Vilnius system,
the Walravensystemandthe Washingtonsystemcanbe men-
tioned.

3. Detectors

Onecanimaginethatearly humanbeingsfascinatedookedat
the starsandothercelestialobjectswith the nakedeyealready
in thebeginningof thehumarevolution.Thetelescopevasfirst
usedby Galileoin the17thcenturybuttheeyewasstill usedas
detectorAnd soit wasuntil theendof the19thcenturywhenthe
photographidilm wasinvented Astronomerserysoonstarted
to usethisrevolutionizingtechniqueto imagedifferentobjects.

Theveryinterestindhistoryfrom Galileossmalltelescop¢o the
large 8 m groundbasedelescopesndthe spaceelescopesf
todayis too extensiveo describehere.

The photographidilm hastwo main advantagesverthe eye.
Firstly it is possibleto integratelight overa muchlongertime
thanfor the eye.Secondlythe film canbe storedandusedfor
accuratemeasurements.

When the developmenf computersstartedit soonbecome
interestingto digitize the photographiamagesto makecom-
puterbasedmeasurementandmanipulationgossible Accur-
atescanninglevicegmicro densitometersyeredevelopedor
thepurposeThephotographidilm hasarelativelylow andnon
lineardynamicrangeandsaturatesor highlight intensitiesand
long integrationtimes,which makesaccuratgphotometrydiffi-
cultalsoin thedigitizedimagesHoweverthephotographidilm
hasbeeraverypowerfultool for astronomerfor morethan100
years.

Accuratephotometrywasusuallyperformedusingphotoelec-
tric detectorslt is only in the last 10 yearsin the eraof in-

tegratedsilicon electronicsa newtype of detectorthe Chaged
CoupledDevice (CCD), hasmadea newrevolutionin the as-
tronomicalcommunity The CCD producesa digital image,is

highly linear, hasa large dynamicrangeand,not leastimport-

ant, hasa quantumefficiency of 20 % — 80 % dependingon

wavelengthrange to be comparedo 2 % — 3 % for the photo-
graphicfilm. ThustheCCDis verywell adaptedor highpreci-
sion photometry A modernCCD typically hasa sizeof 20482

pixels, but larger 40962 pixels are available.CCDs are small
devicesandthefield of view s typically quitenarrow why pho-
tographicfilm is still usedfor wide field imaging(for example
in Schmidttelescopes)Theimagesfrom a CCD usuallyneed
somebasicdatareductionsuchasbiasanddarksubtractiorand
flat fielding beforescientificuse.For long exposurgimesre-

movalof cosmicray hits usuallyis necessary

4. Differ ent typesof photometry

For isolatedstarson flat backgroundsn CCD imagesusually
aperturephotometryis the mostaccuratenethodto obtainthe

intensityandmagnitudeof a star Aperturephotometrymeans
thattheintensityof thestellarimageis integratedveracircular
aperturewith aradiusof afew timestheFWHM of thestar The

backgrounds usuallyestimatedrom aring shapedsurround-
ing of the starwith large radius.For relatively bright isolated
starsmagnitudeerrorssmallerthan0.01 magnitudeganbeob-

tainedwith thismethod Standardtarsusedasphotometriaef-

erencesareoftenmeasuredisingaperturgphotometry
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In manyimagesmany starsare faint and overlapdueto the
crowdingin the image.Anotherproblemis thatthe Signalto
Noise (S/N) ratio oftenis low for faint stars.Then different
methodsfor crowdedfield photometryusing PSF-fittingusu-
ally performsbhetterthanaperturgghotometryThePointSpread
Function(PSF)is theimageof a star(a point light source)on
thedetector The PSFis derivedfrom starsin theimage,either
asanempiricalimageor by fitting ananalyticalfunctionto the
stellarimagesPSF-fitingmeanghatthenormalized® SFis fit-
tedto astarin theimageto obtaintheintensityandmagnitude.
The positionsof the starsareusuallyobtainedwith a separate
stardetectionprogramor simultaneousvith thefit. If the stel-
lar field is crowdedsomeprogramsperforma simultaneoudit
of the starsin small groupsto makethe codemore efficient.
The backgroundevel is estimatedrom a surroundingof the
starsor simultaneousvith the PSFfit. The photometricaccur
acyobtainedwith PSF-fittingdependentheusedprogramthe
crowdingand S/N-ratioof theimageandon the shapeandac-
curacyof the PSE If the starsareundersampledit is usually
difficult to usePSF-fittingwith goodaccuracyTherearemany
photometrigpackagesvailablethatuseP SF-fitting(seefor ex-
ampleSpannarel996).

Another problemis whenthe measuredstaris locatedon lu-
minousuneverbackgroundsonsistingof nebulaeor faint stars
in galaxies.Thenit is usuallydifficult to obtaina goodback-
groundlevelfor aperturgghotometryProvidedthatagoodPSF
anda goodmodelfor the unevenbackgrounccanbe obtained
PSF-fittingusuallyperformsbetter Onenewmethodthatcom-
pareswell with otherphotometrypackagesasbeendeveloped
by Spannarg1996.

5. Information obtained fr om photometry

Thereisahugeamounbf informationthatcanbeobtainedrom
multi colorstellarphotometryOnly afew examplesrepresen-
tedhere.

As mentionedn Section2 thecolorindices,obtainedwith pho-
tometrywith differentcolor filters, give someimportantspec-
tral informationaboutthe stars.For examplethe spectraklass
(temperaturepf the star andthe metallicity canbe obtained.
By plotting the HR-diagramfor the starsin a clusterinform-
ation aboutthe ageand chemicalevolutionof the clustercan
be obtained.The starsin clustersare usually measuredising
crowdedfield photometry By assuminga relatively constant
absolutemagnitudefor supegiantstarsin galaxiesa value of
theHubbleconstantanbeobtainedThevelocity of thegalaxy
relativeto earthcanbe obtainedfrom the red shift in the spec-
trum of the stars.The distancego differentobjectscanbe ob-
tainedfrom photometrytogethemwith someadditionalinform-
ation. For examplethe distanceto the open cluster Hyades
can be obtainedwith the convegencepoint methodand the
distancedo nearbygalaxiesby measuringhe apparentmag-
nitudesandthe periodof variablestars(suchasCepheidsand
knowledgeaboutthe period-luminosityrelation. Themeasure-
mentof supegiantstarsor Cepheidsn galaxiesaretypicalsitu-
ationswhichrequiregoodmodelsof theluminousbackgrounds.

6. This work

Someprojectsin progressatLund Observatorgealwith chem-
ical evolutionof globularclustersandthe Hubbleconstantthe
latter programthroughinvestigationsasecbn supegiantstars
in galaxiesThishaspromptedhedevelopmenof thecomputer
programPOLYFIT, for photometryof starsonluminousuneven
backgroundsThe programis evaluatecandcomparedo some
otherphotometrypackagesn thisthesis.
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