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1. Intr oduction

Photometryis the part of observationalastronomythat deals
with measurementof the intensity of radiation from celes-
tial objects.Photometricobservationsaredefinedin different
wavelengthrangesusingfilters in front of the detector. In the
opticalwavelengthrangeonespeaksof broadband,intermedi-
atebandandnarrowbandphotometrywhenthewavelengthin-
tervalsareof theorder100nm,20nmand5 nmrespectively. If
theresolutionis higheronespeaksof spectralphotometry.

2. Photometric systems

This sectionrefer to Bessell(1992). A light detector, a tele-
scope,a setof coloredfilters anda methodfor correctionof
atmosphericextinctionmakeup a naturalphotometricsystem.
Thestandardsystemis definedby a list of magnitudesandcol-
orsmeasuredfor asetof typicalstandardstars.Theterm”color”
is an abbreviationfor ”color index”, which is the difference
betweenthe apparentmagnitudesin two differentspectralre-
gions.Thezeropoint of manycolor systemsis setso that the
starAlphaLyrae(Vega)haszerocolors.Thepurposeswith the
filters and the resultingcolor indicesare to extractsomeim-
portantfeaturesfrom thestellarspectrum.Thusfor examplethe
temperatureandmetallicityof astarcanbeobtainedfrom multi
colorphotometry.

The most importantof early works of photo electric photo-
metryarethebroadbandJohnsonUBVRI andKronRI systems,
whichcoveredthewavelengthregionbetween310nmand900
nm.

Anotherimportantfilter systemis the intermediatebandubvy
systemby Strömgren.Thissystemwasdevisedto bettermeas-
uretheBalmerdiscontinuity, themetallicityandtemperatureof
A, B andF stars.

Therearemanyotherfilter systemsavailable,designedfor dif-
ferentstellartypesandconditions.For exampletheDDO sys-
tem, the uvgr system,theGenevasystem,the Vilnius system,
theWalravensystemandtheWashingtonsystemcanbemen-
tioned.

3. Detectors

Onecanimaginethatearlyhumanbeingsfascinatedlookedat
thestarsandothercelestialobjectswith thenakedeyealready
in thebeginningof thehumanevolution.Thetelescopewasfirst
usedby Galileoin the17thcenturybut theeyewasstill usedas
detector.Andsoit wasuntil theendof the19thcenturywhenthe
photographicfilm wasinvented.Astronomersverysoonstarted
to usethisrevolutionizingtechniqueto imagedifferentobjects.

TheveryinterestinghistoryfromGalileossmalltelescopeto the
large8 m groundbasedtelescopesandthespacetelescopesof
todayis too extensiveto describehere.

Thephotographicfilm hastwo mainadvantagesover theeye.
Firstly it is possibleto integratelight overa muchlongertime
thanfor theeye.Secondlythefilm canbestoredandusedfor
accuratemeasurements.

When the developmentof computersstartedit soonbecome
interestingto digitize the photographicimagesto makecom-
puterbasedmeasurementsandmanipulationspossible.Accur-
atescanningdevices(microdensitometers)weredevelopedfor
thepurpose.Thephotographicfilm hasarelativelylow andnon
lineardynamicrangeandsaturatesfor highlight intensitiesand
long integrationtimes,whichmakesaccuratephotometrydiffi-
cultalsoin thedigitizedimages.Howeverthephotographicfilm
hasbeenaverypowerfultool for astronomersfor morethan100
years.

Accuratephotometrywasusuallyperformedusingphotoelec-
tric detectors.It is only in the last 10 yearsin the eraof in-
tegratedsiliconelectronicsanewtypeof detector, theCharged
CoupledDevice(CCD), hasmadea newrevolutionin theas-
tronomicalcommunity. TheCCD producesa digital image,is
highly linear, hasa largedynamicrangeand,not leastimport-
ant, hasa quantumefficiency of 20 % – 80 % dependingon
wavelengthrange,to becomparedto 2 % – 3 % for thephoto-
graphicfilm. ThustheCCDis verywell adaptedfor highpreci-
sionphotometry. A modernCCD typically hasa sizeof
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pixels, but larger
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pixels areavailable.CCDsaresmall
devicesandthefieldof view is typicallyquitenarrow,whypho-
tographicfilm is still usedfor wide field imaging(for example
in Schmidttelescopes).The imagesfrom a CCD usuallyneed
somebasicdatareductionsuchasbiasanddarksubtractionand
flat fielding beforescientificuse.For long exposuretimesre-
movalof cosmicrayhits usuallyis necessary.

4. Differ ent typesof photometry

For isolatedstarson flat backgroundsin CCD imagesusually
aperturephotometryis themostaccuratemethodto obtainthe
intensityandmagnitudeof a star. Aperturephotometrymeans
thattheintensityof thestellarimageis integratedoveracircular
aperture,with aradiusof afewtimestheFWHM of thestar. The
backgroundis usuallyestimatedfrom a ring shapedsurround-
ing of the starwith large radius.For relativelybright isolated
starsmagnitudeerrorssmallerthan
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magnitudescanbeob-

tainedwith thismethod.Standardstars,usedasphotometricref-
erences,areoftenmeasuredusingaperturephotometry.
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In many imagesmany starsare faint and overlapdue to the
crowdingin the image.Anotherproblemis that the Signal to
Noise (S/N) ratio often is low for faint stars.Then different
methodsfor crowdedfield photometryusingPSF-fittingusu-
ally performsbetterthanaperturephotometry.ThePointSpread
Function(PSF)is the imageof a star(a point light source)on
thedetector. ThePSFis derivedfrom starsin theimage,either
asanempiricalimageor by fitting ananalyticalfunctionto the
stellarimages.PSF-fittingmeansthatthenormalizedPSFis fit-
tedto astarin theimageto obtaintheintensityandmagnitude.
Thepositionsof thestarsareusuallyobtainedwith a separate
stardetectionprogramor simultaneouswith thefit. If thestel-
lar field is crowdedsomeprogramsperforma simultaneousfit
of the starsin small groupsto makethe codemoreefficient.
The backgroundlevel is estimatedfrom a surroundingof the
starsor simultaneouswith thePSFfit. Thephotometricaccur-
acyobtainedwith PSF-fittingdependsontheusedprogram,the
crowdingandS/N-ratioof theimageandon theshapeandac-
curacyof thePSF. If thestarsareundersampled,it is usually
difficult to usePSF-fittingwith goodaccuracy. Therearemany
photometricpackagesavailablethatusePSF-fitting(seefor ex-
ampleSp̈annare1996).

Anotherproblemis whenthe measuredstar is locatedon lu-
minousunevenbackgroundsconsistingof nebulaeor faint stars
in galaxies.Thenit is usuallydifficult to obtaina goodback-
groundlevelfor aperturephotometry.ProvidedthatagoodPSF
anda goodmodelfor theunevenbackgroundcanbeobtained
PSF-fittingusuallyperformsbetter. Onenewmethodthatcom-
pareswell with otherphotometrypackageshasbeendeveloped
by Sp̈annare(1996).

5. Information obtained fr om photometry

Thereisahugeamountof informationthatcanbeobtainedfrom
multi colorstellarphotometry.Onlyafewexamplesarepresen-
tedhere.

As mentionedin Section2 thecolorindices,obtainedwith pho-
tometrywith differentcolor filters, give someimportantspec-
tral informationaboutthestars.For examplethespectralclass
(temperature)of the starand the metallicity canbe obtained.
By plotting the HR-diagramfor the starsin a clusterinform-
ation aboutthe ageandchemicalevolutionof the clustercan
be obtained.The starsin clustersareusuallymeasuredusing
crowdedfield photometry. By assuminga relatively constant
absolutemagnitudefor supergiantstarsin galaxiesa valueof
theHubbleconstantcanbeobtained.Thevelocityof thegalaxy
relativeto earthcanbeobtainedfrom theredshift in thespec-
trum of thestars.Thedistancesto differentobjectscanbeob-
tainedfrom photometrytogetherwith someadditionalinform-
ation. For examplethe distanceto the open cluster Hyades
can be obtainedwith the convergencepoint methodand the
distancesto nearbygalaxiesby measuringthe apparentmag-
nitudesandtheperiodof variablestars(suchasCepheids)and
knowledgeabouttheperiod-luminosityrelation.Themeasure-
mentof supergiantstarsorCepheidsin galaxiesaretypicalsitu-
ationswhichrequiregoodmodelsof theluminousbackgrounds.

6. This work

Someprojectsin progressatLundObservatorydealwith chem-
ical evolutionof globularclustersandtheHubbleconstant,the
latterprogramthroughinvestigationsbasedonsupergiantstars
in galaxies.Thishaspromptedthedevelopmentof thecomputer
programPOLYFIT, for photometryof starsonluminousuneven
backgrounds.Theprogramis evaluatedandcomparedto some
otherphotometrypackagesin this thesis.
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