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1 Intr oduction

TheMetsähovi RadioObservatory, aseparateresearchinstituteat theHelsinkiUniversityof Technologysince
May 1988, operatesa 14 m diameterradio telescopeat Metsähovi, Kylmälä, about35 km west from the
universitycampus.Theinstitutealsohaspremisesin theElectricalEngineeringFacultybuilding, Otakaari5,
Espoo.Themainusersof thestationaretheHelsinki University of Technology, theUniversity of Helsinki,
andtheUniversityof Turku. In thesamearea,nearMetsähovi RadioObservatory, therearealsothebuildings
of theMetsähovi Observatory(Universityof Helsinki; opticalastronomy)andtheMetsähovi SpaceGeodetic
Station(GeodeticInstitute;geodesy).

TheMetsähovi RadioObservatoryhasbeenoperationalsince1974.Theupgradingof thetelescopewasdone
during 1992¡ 1994. The radomewasreplacedwith a new oneandnew surfacepanelswereinstalled. The
surfaceaccuracy of thepresenttelescopeis 0.1mm (rms). Theold analogservo systemof thetelescopewas
replacedby a new digital servo systemin 1998¡ 1999.Planningof new observingprogrammeswasstartedin
1999.

TheMetsähovi RadioObservatoryis active in thefollowing £elds:

² Researchin radioastronomy,

² Developmentof instrumentsneededin radioastronomy,

² Developmentof methodsfor radioastronomicalmeasurements,

² Spaceresearch,and

² Education.

The activities at Metsähovi are concentratedon millimeter waves and microwaves. The usedfrequencies
are10 ¢¢¢150 GHz, andthe correspondingwavelengths30 ¢¢¢2 mm. The researchin technologyincludes
developmentof microwave receivers, developmentof receiving methods,developmentof dataprocessing
and developmentof antennatechnology. The objectsof radio astronomicalresearchare: solar millimeter
andmicrowave radiation,variablequasars,active galaxies,molecularline radiation,andvery long baseline
interferometry(VLBI). Metsähovi participatesin the educationat the Helsinki University of Technologyby
organizingcoursesandexercisesfor students,andgraduatestudentscanstudyfor a licentiate's or doctor's
degreeatMetsähovi.

Around15 scientists,engineers,or researchassistants,andsupportpersonnelfrom theHelsinki Universityof
Technologywork at theinstitute.In additionabout10 studentsdid radioastronomicalobservationsunderthe
guidanceof Metsähovi staff. Five of the employeesarepaid by the Helsinki University of Technology, and
theothersareemployedby researchprojects£nancedmainly by theAcademyof Finland.Theotherusersof
theMetsähovi telescopearetheradioastronomygroupat theUniversityof Helsinki,andtheradioastronomy
groupat theUniversityof Turku.

In 2002thetotalexpenditureof theMetsähovi RadioObservatorywasabout800000euros,includingsalaries.
Thiswas£nancedby:

HelsinkiUniversityof Technology64%
Academyof Finland24%
Others12%
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2 Research Activities

In this chapterthe main researchactivities at Metsähovi areintroduced.Someof the projectteamsinclude
alsoscientistsworking at otherinstitutes.Thecontactpersonat Metsähovi is underlinedin eachprojectteam
list.

2.1 Radio Astronomical Instrumentation

ResearchGroupatMetsähovi: Urpo, Peltonen,Mujunen,Oinaskallio,Koistinen,Ritakari,Rönnberg, Sjöman

2.1.1 Planck 70GHz Receiver

ProjectTeam:Sjöman, Peltonen,Rönnberg

During year 2002 the EBB-phase(Elegant BreadBoard) was completedin the Planck70 GHz receiver's
building project.Theprojectwasmaintainedasco-operationprojectbetweenMetsähovi, Millilab andYlinen
Electronicsasin thepreviousyears.Theparticipationof theMetsähovi RadioObservatoryis mostlyreceiver
building andsomemeasurementequipmentloansto Ylinen Electronics.In theEBB-phasea largenumberof
measurementsweredonein thecryogenicchamberownedby Metsähovi.

A cryogenic70 GHz highly integratedultra low noisereceiver wasbuilt andmeasuredin the EBB-phase,
Figure1.

Figure1: A ultra low noisePlanck70GHzreceiver front endModulewith externalwaveguides.

Thereceiver front endmoduleshowedpromisingresultsgiving morethan35 dB gain andabout25 K noise
temperaturebetween63and77GHz frequency bandwidthat20K physicaltemperature,Figure2.

Also theBackEndModule(BEM) wasbuilt andmeasuredtohavepromisingresultsgivingabout70dB(mV/mW)
sensitivity factorusing20dB RF gainand20dB videogain,Figure3 andFigure4.

2.1.2 3 and 2 mm SISReceivers

Projectteam:Peltonen, Oinaskallio,Urpo
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Figure2: Planck70GHzfront endmodulegainandnoiseat20K physicaltemperature.Uppercurve is gain.

Figure3: BEM layoutstructure.

The2 mm SISreceiver borrowedfrom InstitutodeRadioAstronomiaMilimetrica (IRAM) wasdisassembled
after the last 150 GHz VLBI session.All the parts(althoughthe receiver is old it is still operational)were
placedin acontainerandsentbackto IRAM.

A new 2 and3 mm SISreceiver hasbeenorderedfrom Nizhny Novgorod,Russia.With this receiver at 84–
115.5GHz simultaneouscircular dual-polarizationmeasurementsshouldbe possible,at 129–160GHz only
right or left handpolarizationcanbe chosenat a time. The receiver will operatein a SSBmodefor both
bands.As a local oscillatorfor the3 mm banda Gunndiodeoscillatoris used,for the2 mm bandinsteada
BWO (with ahighvoltagepowersupply)generatorhadto bechosen.Bothwill bephaselockedto the5 MHz
frequency standard.Thereceiverhasabroadband(1 GHzbandwidthcenteredat3,95GHz)continuumoutput
andstandardVLBI outputsat500–1000MHz.

In 2002ameetingwith theRussiandesignerswasarrangedatMetsähovi to clarify thetechnicaldetailsof this
complex receiver.

3



Figure4: BEM onechannelsensitivity factorwith differentinputpowers.

2.1.3 Geo-VLBI Receiver

Projectteam:Urpo, Oinaskallio,Peltonen,Könönen

GeodeticObservatoryhasordereda new receiver from theTTI Norte,Santander, Spainwhich will beusedat
Metsähovi for geodeticVLBI observations.Thereceiveroperatesat two differentbandsi.e.8.150–8.650MHz
(X-band,BW=500MHz) and2.210–2.350MHz (S-band,BW=140MHz). Theright handcircularpolarization
canbeobservedfor bothbands.Thesystemtemperatureof this receiver is around80 K whentheLNAs are
cooledto 15K andthebulky feedsystemandpolarizersareat roomtemperature.

Thereceiverwasdeliveredto Metsähovi in Decemberby theTTI Nortepersonnel.Somemechanicalchanges
to thereceiver andanew, largersubre¤ectoris alsoneededbeforetheactualobservationsarepossible.

2.1.4 Maintenanceand Upgradesof Receivers

Projectteam:Peltonen, Urpo,Oinaskallio

Attemptsto repairtheright channelLNA for the43GHzVLBI receiver(originally designedatNationalRadio
AstronomyObservatory, USA) wereunsuccessful.Thefourth stageseemsto have a catastrophicfailureand
alsothe£fth stageshowedinstabilityproblems.

In orderto repairthedualchannelreceiver to beoperationalandreliablein thefuturecompletelynew LNAs
wereorderedfrom Ylinen Electronics. Thesearebasedon the MMIC techniqueswith two cascadedINP-
HEMT chips(eachchip contains4 HEMT stages).Thefrequency responseis broadbandfrom 40 to 46 GHz.
At thecenterfrequency of 43 GHz thegain andthenoisetemperatureare(at cryogenictemperatures)45 dB
and20K, respectively. Thereceiverwill beassembledwith thesenew ampli£ersandthecorrespondingpower
suppliesin 2003.

2.1.5 IT Infrastructur e

ProjectTeam:Mujunen, Nieminen

Sharpeningtherole:
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During theyear2002computermanagement(network andsystemadministratorsteam)startedto usespecial
namingfor IT operationscalled IT InfrastructureManagement,ITIM. They addedthis acronym into their
new systemdocumentation,too. The expandedrole of is re¤ectedin changingthe nameof this chapter
from “ComputingEnvironment” to “IT Infrastructure”which betterdescribesthe new role of multi-hosted
measuringandcalculating.It is highly probablebethat therole of networking andInternetwill still become
moreimportantin comingyears.

Segmentationof hostsinto differentadministrativedomainswasstarted,mainlybecauseapossibleandproba-
bleupgradepathto network equipmentfor a futureVLAN andLayer3switched1000/100/10Mbit/s Ethernet
environment.Thesesegmentsareillustratedin Figure5 whichdescribestheMetsähovi network topology.

METSÄHOVI RADIO OBSERVATORY

Overall system and network topology

Hmaser/time frequencies

ADAM/NuDAM

Weather stations

GPS receivers

"HRFI"

"SUNANT" "ESSCO"ACOMMS

CORE

SCIWS

Metsähovi

Otaniemi

1 GB switched ethernet backbone

Antenna control

Measurement support Measurement, calculating, processing and datastorages

to the FUNET/FICIX/NORDUnet/Internet

Figure5: Overall systemandnetwork topology.

In Figure5, themajorsegmentsare:

ACOMMS:Antennahostsarenow underACOMMS,“Antennacontrol,maintenanceandmeasurementseg-
ment”.

SCIWS:Workstationsandspecialworkstationsarenow underSCIWS,“Scienti£cWorkstations”.Theseare
thegeneral-purposehostsfor individualusersfor performingeverydaytasks.

COREservices:Theseareall critical IP andnetwork servicesin Metsähovi in orderto handledaily opera-
tions.

Therehasbeennomajorchangesin LAN area.Localareanetwork is built upona1 GBit/sEthernetbackbone
with switched10/100Mbit/s Ethernetfor hostlinks. Therearestill a coupleof 10Base2“thin Ethernet”NICs
still in hosts.They will removedif favor of direct10/100Mbit/s Ethernetswitchconnections.

Therewereno changesin WAN gateways. However, for high speedmeasurementrequirementssuchase-
VLBI, VLAN andLayer3switching/routingplansareready. Reservationsfor 1 Gbit/sboth£berandcopper
Ethernetlinks acrosstheMetsähovi siteareready.

Thehostenvironmentof Metsähovi continuesto featureafull “OSrainbow”: DOS,Linux, MacOS,VAX/VMS,
andWindows hostsareall beingcontinuouslyused.Although the vastmajority of computersrun a version
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of Debian/GNU/LinuxandMacOSandVAX/VMS arebeingphasedout, someWindows hostsseemmanda-
tory for running legacy applicationsaswell asembeddingDOS in a few control computers.DifferentOS
revision levels makesupdatingsometimesa bit complicated.A well-documentedestingprocedure,thenew
systemdocumentationstructureandagoodreferencemodelhelpalot in thisprocess.Runningplatformswere
partiallyupdatedto Debian2.2“potato” and3.0“woody”.

In “COREServices”segment,theDHCPserverwastakento testphasevia Debian2.2upgradesandafterroll-
out testingit wastakento productionuse.All new (andupgraded)Linux andWindowshosts(except“CORE”
hosts)receive theirTCP/IPnetworkingsettingsfrom theDHCPservice.Full relianceonDHCPexclusively is
waiting for thecompletionof upgradingall Linux hoststo at leastDebian2.2,preferably3.0.

Identi£cationof “Scienti£cTools”, a setof recommendedsoftware,licensemanagement(whereapplicable),
andapplicationguidesto differentmeasurement,researchandproductionprocesseshasstarted.As anexample
of this process,StarOf£ce5.2wastestedbut not acceptedfor production.Later in 2002,OpenOf£ce1.0was
evaluatedduringsummerandit wastakento supportedstagewith its packagedDebianversion1.0.1.

Towardsendof theyearnew documentationstartedto geta formalizedshapecalledITSDS(IT SystemDoc-
umentationStructure).This includesregular IT systemstatusreportswill will beseenunderthesubcategory
ITISTATR within theharmonizeddocumentationstructure.

2.1.6 NewHydr ogenMasers

ProjectTeam:Oinaskallio, Mujunen,Nieminen

Stablestationtime anda reliablefrequency standardarethefoundationof all of our measurementwork. Our
previous time/frequency systemwasbasedon a singleEFOS-9hydrogenmaserfrequency referenceandwe
usedGPSreceiversto checkandmonitorthedifferencebetweenEFOS-9andGPS-transmittedUTC time.

Figure6: Installationteamfrom Kvarzcompany.

Improvementof our frequency equipmentbegunwith building a new “clock basement”to stabilizeenviron-
mentalin¤uenceagainstthenew H maser“clocks”. Operationalenvironmentin Metsähovi canvary between
¡ 30± and+ 30±C soit wasa challengeto build a stableroomwherebothtemperatureandhumidity arewell-
controlled.

We receivedtwo Kvarz“CH1-75” active H-masersfrom theInstituteOf Applied Physics,Nizhny Novgorod,
Russia. Two units, otherwiseidentical,were labeled“Kvarz-69” and “Kvarz-70” accordingto their serial
numbers.After acalibrationsessionthey werereadyfor use.
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Thechartin Figure7 shows how stablethey are. It canbeeasilyseenthatKvarz-70(darkblue) is extremely
stablewhencomparedto GPS-HP(magenta,a time-recoveringHP58503AGPSreceiver). Theoldernaviga-
tion GPSreceiver, Magnavox (green),showsits typicalpeaksin therecovered1ppstiming pulse,andtheailing
EFOS-9(turquoise)is runningcompletelyits own ways.After theweekshown in chartit did not operateany
moreandit wasretired.
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In Novemberwe experiencedproblemswith theKvarz-69asit stoppedfunctioning.While still undermanu-
facturer'swarranty, theproblemis beinganalyzedandtherepairprocessis underway.

A possiblefuturedevelopmentis thedevelopmentof £beroptic interfacesto the1ppsand5 MHz signalsof
thenew H masers.Theremightbeadvantagesin using£bertechnologyinsteadof coppercablesto avoid elec-
trical interference.Currentlythe1ppssignalhasbeenisolatedwith anoptocouplerandthe5 MHz reference
frequency with anisolationtransformer.

2.1.7 The Developmentof NewObservational Programsfor Metsähovi

Projectteam:Könönen, Mujunen

Basicoutline

Therenewal of theobservingsystem,includingtheupdatefrom theold micro-VAX computerinto theLinux
PCenvironment,hasforcedthesolarandquasarcontinuumobservingprogramsto berevised.Major changes
in theobservingsystemareits digitalizationanddecentralization.A singleobservingcomputeris no longer
responsiblefor all tasks. In the renewed systemseparateobservingsub-systemsmanagelower level opera-
tionssuchasantennacontrol,sourcepositioning,anddatasampling.Thesub-systemcontrolandmonitoring
is availablevia computernetwork, sinceit is basedon Linux PCsandAdam/NuDAM moduleswhich are
connectedto Metsähovi LAN. Thereforenew observingprogramsmayfunctionon a higherlevel, in a role of
a “communicatingcommander”.

If thenew observingprogramswould be£xed like theold ones,it would bedif£cult to take the full bene£t
of themodularityof therenewedobservingsystem.Thereforea new approachwaschosen.Theold separate
observingprogramswill be replacedby a commandinterpreterthatexecutesany commandswhich obey the
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newly createdobservingprogramsyntaxandthenew observingprogramswill bepre-writtenprocedureswhich
canberenewedandcomplementedif necessary. This approachoffers¤exibility andmany means,asit makes
updates,extensions,andnew utilities easierto accomplish.

Thebasicrequirementsfor thecommandinterpreterandthesyntaxare:simplesyntaxthatenableswriting of
“observingprocedures”whichallowsreliableobserving,communicativecontrolof sub-systems,andtoolsfor
executingspeci£coperationsandmonitoringtheresults.

The interpreterinput is ASCII lines, which are readeither from the online input or from a text £le. The
syntaxof eachline determineswhethertheinterpreterwill executeit asaTCPcommandto anobservingsub-
system,a conditionsentence,a timing command,a procedurede£nitionor executioncommand,substitution,
operationor asaperlevaluationsentence.In additionto thistheinterpretermustalsoprovidevariousfunctions
andprocedureswhich performessentialtasksin astronomicalobserving(for example,pointing,calibration,
sourcecoordinatelibraries,storageof datain FITS format,andgraphicalmonitoringof thedata).

Theinterpreteris programmedin Perlprogramminglanguagethathasexcellenttext manipulatingcapabilities
andallows ¤exible exploitationof variousotherutilities suchassystemcommands,C programs,andplotting
utilities.

Projectstatus

As the yearstarteda simpletestversionof the commandinterpreteralreadyexisted. During the year2002
this projectcontinuedperiodically. Severalupdateversionsof theinterpreterwerewritten andthesyntaxwas
preliminarily speci£ed.By the endof the year the commandinterpretermanagedmostof the basicsyntax
interpretationandcommandevaluation. Procedurede£nitionandexecutionwerepartly untested,andarray
structureandmoresophisticatedutilities (for example,dataconversioninto theFITS format,pointing,source
coordinatelibraries)werestill missing.

Theinterpreterwastestedin actionin two occasionsduringtheyear2002.PekkaPuhakkauseda very early
interpreterversionfor the2m solarradiometermeasurements.Anothertestoccasionwasin springwhenthe
pointingandcalibrationweredeterminedfor the2 mm VLBI experiment.Thesetaskswerecomplicatedby
thecomplexity of the receiver andby the fact that thenew back-endsystemturnedout to beyet un£nished.
Only atemporaryvoltageregulatorcardenabledthetestusage.Duringtherestof theyear2002furthertesting
of theinterpreterwasexecutedby “virtual observing”,i.e. by directingall TCPcommandsto aserverprogram
thathadbeenwrittenspeci£callyfor testpurposes.

The£nallocationof theinterpreterwill beatthedirectory“ /local/meacon/ ” of “meacon”Linux PC.Meacon
is locatedin themiddleof thecontrol roomracksandit is connectedto theMetsähovi LAN. Meaconhada
mountedaccessto "data:/data"directoryandin early 2002the accessto “kurp:/home/ ” wasalsogranted.
This makesobservingdataanduserhomedirectoriesavailablefor meacon.The interpreterutilizes several
DebianLinux packagesof which somearecritical like Perl DataLanguage(PDL) that providesfastarray-
orientednumericaloperationsandbasicutilities for handlingdatain FITSformat.Dueto theon-goingDebian
Linux updates,requestedprogrampackageshadnotyetbeeninstalledto meaconby theendof theyear.

Thetimetableestimateis thatthatthenew observingprogramswill betakeninto usagein May, 2003.

2.1.8 Developmentof Next GenerationVLBI RecordingSystems

Projectteam:Ritakari, Mujunen

During theyear2001it becameobvious that thespeedandcapacityof normalpersonalcomputersandhard
diskswouldquickly surpassthetape-basedrecordersnormallyusedin VLBI.

MRO startedaprojectto developacommercial-off-the-shelfVLBI dataacquisitionsystem.

Thedevelopmentwasbasedon thefollowing assumptions:

² MRO will only develop minimal dataacquisitionhardware. Commercialcompaniestake careof the
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personalcomputerdevelopment.

² Datais treatedasnormal£lesin Linux £lesystem,notasspecialVLBI data.

² The systemmust be low-cost and scalable. Becausethe cost of one dataacquisitionsystemis low,
severalunitscanbeusedto achieve highdatarates.

² ThesystemmustsupportcommonVLBI standards:Mk4, VLBA, VSI-basedgigabitVLBI andS2.

The dataacquisitionsystemwould consistof two hardware modules: An VSI-H standardcompliantdata
acquisitionboardfor apersonalcomputerandamulti-standardto VSI-H convertermodule.

ThePCBdesignof theprototypedataacquisitionandconverterboardswascompletedin January, theboards
wereassembledandtestedin February-Marchandthedesignwasadoptedfor mass-productionin April. One
£nalproduction-qualityVSIB dataacquisitionboardis shown in Figure8.

Figure8: VSIB PCI-basedVSI-H dataacquisitionboard.

Theoperationof thedataacquisitionsystemwasdemonstratedatJIVE,Netherlandsin July. A seriesof 93data
acquisitionandconverterboardswereproducedat thestartof AugustusingtheautomatedSMT production
line of theHUT Laboratoryof ElectronicsProductionTechnology.

The MRO dataacquisitionsystemwassuccessfullytestedin the JodrellBank Observatory - JIVE e-VLBI
demonstrationin September.

In October16th,Metsähovi andKashimaSpaceResearchCenterperformedtheworld's £rst intercontinental
gigabit e-VLBI experimentusingtheMRO developeddataacquisitionsystemat Metsähovi andtheJapanese
PC-VSI2000-DIMdataacquisitionsystematKashima.Theprototypeequipmentis shown in Figure9.

2.1.9 Solar Monitoring Telescope

ProjectTeam:Urpo, Mujunen,Sjöman

Sunantennais a separatesmallsizereceiver systemdesignedto observe thetotal ¤ux of thesolarmicrowave
radiationwith apassbandof about1GHzaroundcenterfrequency of 11:7GHz. Rathersimpli£edconstruction
consistsof standardcommercialmicrowave front end,selfdesignedIF-electronicsanddataacquisitionby 16-
bit A/D-converter. Thesizeof themainbeamin radiationpatternof theantennais approximately1:1±, which
is enoughto observe thetotal ¤uxof theSun's hemisphere.
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Figure9: Thetwo-PCprototypeusedto recordgigabitVLBI data.

Receiver hasgot two channels,linearandlogarithmic from which the linear is theonly calibratedoneat the
moment. Thus,the receiver offers now a dynamicalrangeup to approximately5000K in antennatempera-
ture, correspondingup to 400 SolarFlux Unit radio burst in the Sunwhenthe systemnoiseandsilent Sun
backgroundlevel is substracted.

Controlsystemof theantennais usingquitelargelythesamecomputerandelectronicsarchitectureasthemain
telescopeof Metsähovi observatory, althoughsomenew designfor examplewith SSIencoderinterfaceswas
implemented.The out-doorpart of the receiver consistsof diameterof 1:8m commercialsatellitedish and
smallaccessorycompartment.Main electronicsfor servo systemanddataacquisitionwith two computersare
£ttedinto onerackinsidethecontrolroom.

This instrumenthasbeenobservingtheSuncontinuouslysinceAugust2000excludingsomecalibrationmea-
surements,maintenanceand twilight/night time. Someexamplesof observed eventsare includedin chap-
ter2.6.3.

2.2 Extragalactic Radio Sources

ResearchGroupatMetsähovi: Urpo, Lähteenmäki,Teräsranta,Tornikoski

2.2.1 Monitoring of Quasars

ProjectTeam:Teräsranta, Iso-Markku,Koivisto,Wiren

Thequasarmonitoringwith theMetsähovi radio telescopecontinuedfor the22ndyear. Even theobserving
time wascut nearlyto half from thepreviousyear, theprojectstill managedto outnumberlastyearsobserva-
tions. This wasmostlydueto thelong dry season.Also thesalariesfor theobserverswerecut deeply, which
resultedto mostlyautomaticobservationsduringthesecondhalf of theyear. Thetotalnumberof observations
since1980is now over 52000.

The preparationof the new larger samplefor supportingthe next gamma-rayobservatories,AGILE and
GLAST continued. Higher radio frequency monitoringof quasarsis essentialfor the successof thoseob-
servatories.Our studiesof themm-propertiesof earlierdetectedgamma-raysourceshave indicated,that the
commonselectioncriteria is a ¤at spectrumto very high radio frequencies.From the ¤at spectrumresult
someotherproperties,like Blazartype behaviour with frequent¤aresandalsothe ejectionof superluminal
components,which canbetrackedwith VLBI observations.Thegammaradiationis supposedto form just in
thebeginningof themillimeter ¤are,asthenew blob is seento emergefrom thecoreof theBlazar. To better
detectthe freshcomponents,oneshouldusethe highestpossiblefrequency and largestpossiblebase-line.
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Figure10: The¤uxdensityof thequasar4C38.41at22GHzsince1982.

Spaceborne22and43GHzVLBI observationswouldbeneeded.

Collaborationwith opticalobservatorieshasbeenmostlythroughtheWEBT, whichis alsostronglysupporting
theAGILE mission.In theradioregimecommonprogramswith theteamsof ThomasKrichbaumandHeino
Falcke have continued.In Figure10 is shown theweeklymean¤ux densityof 4C 38.41since1982,which
haslately receiveda lot of attention,mostlyin theradiobandsdueto thelonglastingoutburstspeakingatvery
high frequencies.Periodicvariationsin somesourceshave beenstudiedwith T. Paytunina.

In theVLBI area,thelong termmonitoringprojectobservinggamma-raydetectedBlazarswith theVLBA at
22and43GHz leadby Alan Marscherwasalsosupported.

In theendof 2002theX-ray satelliteIntegralwaslaunched.Evenits frequency bandis notreachingtheharder
gamma-rayarea,which shouldbebestcorrelatedwith themillimeter behaviour of quasars,our teamhasstill
beenaskedto supportsomeobservations.

2.2.2 AGN Science

Team: Tornikoski, Lähteenmäki,Jussila,Parviainen,Saloranta,Virtanen,Hakala,Ranta,Valtaoja(Turku),
Lainela(Turku)

Gamma-rayandradioemissionin AGNs

Wehavestudiedtherelationshipbetweenradioandgamma-rayemissionin AGNsto £ndoutby whichmech-
anismthegamma-rayemissionis producedin thesesources.
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Accordingto ourstudythestronggamma-rayemissionclearlyoccursaftertheformationof theradioshockin
therelativistic jet. Thusthesiteof thegamma-rayemissionmustbeat a distancefrom thepoint wherethejet
starts.Wehavecalculatedthetimedelayfrom theonsetof themmradio¤areto thegamma-raydetection(for
strongdetections),andthedelaywe getis approximatelytwo months.This translatesinto a lineardistanceof
about5 pcfrom theAGN core,well outsidetheaccretiondiskor eventhebroadline regionusuallyconsidered
to beresponsiblefor thegamma-rayemission.

Whethergamma-rayemissionis detectedor not,dependsalsoonthetypeof thesource.Mostdetectedsources
arehighpolarizationquasars,or evenlow polarizationquasars,but BL Lacobjectsareobservedto beweakat
gamma-rayfrequencies.This leadsusto concludethatstronggamma-rayemissionin quasarsis producedby
thesynchrotronself-Comptonmechanismin thesameshocksin therelativistic jet thatalsoproducetheradio
¤ares.Theweaker `baseline'gamma-rayemissiondetectedfrom BL Lac objectsandsomequasarscouldbe
producedby theexternalComptonmechanism.

We have alsostudiedthesequencein AGN propertiesaccordingto theobservedsynchrotronpeakfrequency
npeak, suggestedby Ghisellinietal. (1998,MNRAS, 301,451).Preliminaryresultssuggestthattheproperties
of thesourceschangeaccordingto increasingnpeak, from highandlow polarizationquasarsto BL Lacobjects.
We alsofound that asthe npeak increases,the DopplerboostingfactorandLorentzfactorboth decreasebut
theviewing angle,theComptondominance(simply calculatedastherelationbetweengamma-rayandradio
emission),andthe luminosity increase.However, oneshouldbearin mind that our sampleconsistsalmost
exclusively of quasarswhile otherstudies,e.g.,Ghisellinietal.,haveusedamixedsampleof bothquasarsand
BL Lacobjects.

The synchrotronpeakfrequenciesthat are presentlyavailable are not suf£ciently accuratebecauseof the
almostcompleteomissionof radio datain the spectral£ts. We are currently looking into £tting also the
radiopartof thespectraof a sampleof sourcesin orderto obtainreliableestimatesfor thesynchrotronpeak
frequencies.

We alsocontinuedour work on the radio-to-gamma-connectionof theEGRETsourcesthatwerenot £rmly
identi£edwith known AGNs. Our observationscon£rmedthatmany of thesourcesassumedto berelatively
faintathigh radiofrequencies(90,230GHz)– andthusalwaysexcludedfrom theearliermillimetrestudies–
wereactuallybrighterthanexpected,especiallycloseto theEGRETobservingepochs.Sincethereseemsto
bea clearconnectionbetweentheactivity in themillimetre andgammadomains,£ndingsourcescloseto the
EGRETpositionbeingin anactive radiostatewhenthey aredetectedin gamma-raysmakesthempromising
candidatesfor theidenti£cation.

Our paperaboutSouthernEGRETsourcesandcandidateswaspublishedin 2002.In this paperwe wereable
to con£rmtheidenti£cationof severalsourcesclassi£edas“possibleidenti£cationswith anAGN” in theThird
EGRETCatalog,andsuggestedahandfulof new AGN counterpartidenti£cationsfor thepreviouslyunidenti-
£edEGRETsources.(SeeFigure11.) Wepresentedtheseresultsat theHigh-Energy BlazarSymposiumheld
in Turku in June,togetherwith somesuggestionsfor usingtheinformationaboutradio-to-gammaconnection
in triggeringTarget-of-Opportunityobservationswith gamma-raysatellites.

We have recentlystartedapplyingthetheoreticalknowledgegainedin theinterplanetarytransportandaccel-
erationof energeticparticlesto jetsandshocksin active galaxies.Thiswork is acollaborationwith theTurku
Universityandis ledby Dr. RamiVainio.

In 2002we werealsopreparingfor the INTEGRAL gamma-raysatellite's observations.Our teammembers
areco-investigatorsin many INTEGRAL observingprojects,andwe arealsooffering ground-basedmulti-
frequency supportin the form of radioobservationswith SESTandMetsähovi. In Decemberwe startedour
frequentmonitoringof theINTEGRAL sourcesacceptedfor the£rstobservingperiod.

Inverted-spectrumsourcesandcandidates

In 2002wecontinuedourstudyof inverted-spectrumradiosources.

Ilona Jussila's £nishedherMaster's thesiswork on GigahertzPeakedSpectrum(GPS)sources.Theoriginal
goal of the thesiswas to identify new GPSsourcesand to study the variability of the known ones. After
gatheringdatafrom theliteratureandobservingthesourcesamplewith bothMetsähovi andSESTtelescopes
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Figure11: The typical radio spectrumof an AGN is falling at high radio frequencies,which would meana
90GHzdatapoint like theoneindicatedby thegreencircle,observedin 1986by Steppeetal. (A&AS, 1988).
The redcircle, however, shows a 90 GHz datapoint observed by our groupin 2000. Even thoughthereare
now only two high-frequency datapointsavailable,we canseethat thesourcePKS0130¡ 171canbehighly
variablein themillimetredomainandis alsoagoodcandidatefor gamma-rayactivity.

wewereableto identify six new inverted-spectrumsources(seeFigure12 ). However, wenoticedthatalmost
ahalf of thestudied“bona£de”GPSsourcesreallyhave a¤atspectrumandtheearlierconvex spectralshape
wasonly dueto selectioneffect.

This studyrevealedmostof the known inverted-spectrumsourcesto have characteristicsdiffering from the
original classicalconceptof GPSsources:thevariability of theGPSsourcesis saidto beinsigni£cantbut the
sourceswe observed turnedout to be even stronglyvariableat high radio frequencies.The samples,which
havebeenusedwhendecidingthede£nitionfor theGPSsources,have includedsourcesthatgenuinelydonot
have aninvertedspectrumandthishascausedover-interpretationof thecharacteristics.

Promptedby the interestingresultsin Ilona Jussila's thesis,we have now extendedour observingsampleto
includeayetlargersetof inverted-spectrumquasarsandcandidates.Wearealsostudyingacomparisonsample
of inverted-spectrumgalaxies,sourcesthathave rarelyif everbeenobservedat thehigherradiofrequencies.

TheGPSprojectis animportantpartof ourPlanckforegroundwork (seealsosection“PlanckScience”).

High-peakedBL LacertaeObjects

The two mainBL LacertaeObject(BLO) subclasses,the radio-selectedBLOs andtheX-ray-selectedBLOs
(¼ HBLs), areaproductof differentdiscoverytechniques.Currentlyit is notknown whetherthesetwo classes
of objectsaretwo extremesof theBLOs, theobservedpropertiesof which arede£nedby the jet orientation,
or whetherthey have intrinsicallydifferentproperties.Thenewly discoveredclassof IBLs seemsto consistof
sourcesintermediateto theradio-selectedandX-ray selectedsamples.It is still unclearwhetherthedetection
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Figure12: B0420-014:This new high-peakinginverted-spectrumsourceis very variableat all radiofrequen-
ciesandstill thespectralshaperemainsinvertedatall stagesof activity.

of the IBLs wasdueto a selectioneffect whenproducingthe sample,or whetherthe samplerepresentsthe
actualdistribution of BLOs, showing a continuousdistribution of propertiesfrom theHBLs to theLBLs. If
we studya full sampleof BLOs, we canget a full understandingof the spectralenergy distribution of the
BLOs,all thewayfrom theradio-selectedto X-ray selectedBLOs,andwecanseeif thereis acontinuityfrom
subsampleto subsampleandif this£tswithin theframework of theuni£cationmodels.

We startedto observe a largesampleof IBLs andHBLs in 2001,andthework continuedin 2002.By theend
of 2002we hadcoveredroughly2/3 of our original sample.Thepreliminaryanalysisof thedatais foreseen
for summer2003.

TheBLO projectis animportantpartof ourPlanckforegroundwork (seealsosection“PlanckScience”).

AGN variability statistics

We have compileda large setof variability datafrom our high radio-frequency SESTobservationsandare
working on thevariability statistics.This work is partof thePlanckforegroundscience,especiallyrelatedto
theinvestigationof thetriggeringcriteriafor thePlanck'sQuickDetectionSystemthatourgroupis responsible
for (see“Planck Science”for moredetails). The resultsfrom our SESTanalysiswill be publishedin 2003,
alongwith our completeSESTdatasets. We will extendour analysisto also lower frequenciesandlarger
sourcesamples.

AGN classi£cation

We have investigatedthe useof someadvancedmethodsfor studyingthe classi£cationof AGNs. Using a
sampleof radiovariability datafrom ourown observationsof Southernsources,complementedwith datafrom
theliterature,westudiedhow thevarioussourcesfall into groupswithoutany a priori assumptionsabouttheir
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groupmemberships.The methodswe investigatedincludedadvancedstatisticalmethodslike the Principal
ComponentAnalysisandClusterAnalysis,andtheneuralnetwork-basedKohonenSelf-OrganisedMap. We
will continuetheuseof someof themostpromisingmethodsandinvestigatetheir applicabilityto other£elds
of AGN research,includingactivities relatedto ourPlanckforegroundwork.

2.3 Planck Science

ProjectTeam:Lähteenmäki, Tornikoski,Parviainen,Urpo,Jussila,Valtaoja(Turku)

2.3.1 Intr oduction

ThePlancksatelliteis amissioncapableof mappingthewholesky atseveralradiowavelengths.Theultimate
purposeof thesatelliteis to measurethecosmicmicrowavebackground(CMB) radiation,but at thesametime
all foregroundradiosourcesin thesky, includingextragalacticradiosources,will bemeasured,too. Thusthe
by-productsof theCMB mapcleaningprocess,theforegroundsourcemaps,will beusefulscienti£cresultsin
themselves.Thesatellitelaunchis scheduledfor February2007.

Our PlanckExtragalacticRadioSourcesresearchteamconsistsof scientistsfrom bothMetsähovi RadioOb-
servatory andTuorla Observatory (University of Turku). Thereweretwo main tasksfor our teamthis year.
First, to seethroughthe of£cial kick-off of the ExtragalacticRadioSourcesWork Group(i.e. WG 6), and
to maintainandpossiblyincreaseour involvementandresponsibilitiesin the work group. Second,to start
actively developingthequick detectionsystem.Smallertasksincludevariousaspectsof scienti£cwork and
collaborationwith otherPlanckresearchersin Europeandin theUS. Our teamwasalsowell representedat
thePlanckJointConsortiumMeetingin Santander, Spain,October14 – 16 (A. Lähteenmäki,M. Tornikoski,
M. Parviainen)

2.3.2 Extragalactic Radio SourcesWork Group Kick-off

The kick-off meetingof the Work Group6 took placein Paris, France,November25 – 26. Our teamwas
representedby A. Lähteenmäki.The purposeof the meetingwas to de£neof£cial work packagesandthe
peopleresponsiblefor them.

Variousmembersof our teamweretrustedwith severalleadershipsof thesework packages.TheWork Group
6.1 (Quick DetectionSystem),includingsubgroups6.1.1– 6.1.8,is theexclusive responsibilityof our team.
Wearealsoresponsiblefor arrangingthesupportingobservationsat theRATAN-600 facility (aspartof 6.2.1,
Pre-launchsurveys in supportof the Planckmission),arrangingall supportingobservationsof BL Lac and
relatedobjectssuchasfaint QSOs(aspartof 6.2.3,Supportingobservationsof known sources),andfor Her-
schelfollow-up of strongvariablesourcesfoundin time ordereddata(6.4.4).We areactively participatingin
supportingobservationsof GPSandrisingspectrumsources(aspartof 6.2.3),supportingopticalobservations
(aspartof 6.2.3),developingspecialroutinesto examine,e.g.,slowly variablesources(6.3.4),developingsim-
ulationsof time ordereddatafor variablesources(6.5.5),andin several liaisontasks.An importantscienti£c
effort on our partwill alsobeassistingin thecompilationof thePlanckPre-launchPointSourceCatalogue.
Thecatalogueitself will mostlikely beconstructedwithin theNASA/IPAC ExtragalacticDatabase(NED).Re-
sponsibilitiesfor work packagesthatareto becompletedduringor afterthe¤ightof thesatellite(exploitation
of resultsetc.)have notyetbeende£ned.

Thetentative scheduleof themosturgentwork packagesshows thatour teamis actively involvedin all work
in thescalesof 3 months,6 months,andup to oneyear. This urgentwork of all membersof WG 6 will be
reviewedin thededicatedWG 6 meetingin Londonin September2003.
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2.3.3 Quick DetectionSystem(QDS)

Thisspecialsoftwarewill beusedfor detectingstrong,possibly¤aring,radiosourcesin thetimeordereddata
streamof thePlancksatellitewithin two or threeweeksfrom thetime of theobservation.This is essentialfor
follow-up observationssincetheactualdataproductof thesatellitewill not beavailableuntil after two years
after the missionhasstarted,andeven the Early ReleaseCompactSourceCatalogue(ERCSC)is available
only approximatelyninemonthsafterthe£rstfull sky observationcyclehasbeencompleted.

Thedevelopmentof thesystemhasstartedfrom boththeoreticalandtechnicalsides.Thetheoreticalproblems
include,for example,de£nitionof thecriteriaof whena sourceis interesting(i.e. strong)enoughto trigger
follow-up observations,avoidanceof falsealarms,andthe handlingof incomingdata. The technicalwork
packagesconcerningthedevelopmentof theactualsoftwarewerede£nedtogetherwith theLow Frequency
Instrument(LFI) DataProcessingCentre(DPC)in Trieste,asthis work will beour commoneffort. M. Parvi-
ainen,whois in chargeof thesoftwaredevelopment,hasvisitedtheDPCtwiceduring2002,andgoodworking
collaborationhasbeenestablished.

2.3.4 Scienti£cresults

Our dedicatedPlanck-relatedobservingprogrammes(alreadyover 300sourcesobserved)have producedin-
teresting,new resultsconcerningsourcepopulationslike GPSsourcesandBL Lac objects.(See2.2.2”AGN
Science“for details)

2.4 Observationswith Other Facilities

SEST: 23.-28.8.“Millimetre Observationsof High-PeakedSouthernAGNs”, P.I. M. Tornikoski,Observers:I.
Jussila,M. Lainela.
20.-21.12.“Millimetre to High-Energy Connectionin Blazars”,P.I. M. Tornikoski,Observer: A. Lähteenmäki.

VLBA: 11.-12.9.“PKS 0521-365”,P.I. S.Tingay, Co–IM. Tornikoski

HALCA: 5.-6.2.“Two-epoch5 GHzobservationsof PKS0506-612andPKS0522-610”,P.I. P. Edwards,Co–I
M. Tornikoski.

Observationswith the VLA: 3 times during the year 2002: A. Brunthaleret al.: “Monitoring the radio-
intermediatequasarPG2209+184”

Observationswith theVLBA network: oneobservationduringtheyear2002:T.P. Krichbaumet al.: “VLB A
Monitoringof 1633+382duringamajormillimeter-¤are”

2.5 VLBI Observational Activities

ResearchGroup:Könönen, Mujunen,Ritakari

2.5.1 GeodeticVLBI Project

ProjectTeam:Urpo, Ritakari,Mujunen,Könönen,Oinaskallio,Paunonen(GeodeticInstitute)

FinnishGeodeticInstitute's projectto startgeodeticVLBI observationsat Metsähovi advanced.Thesupply
of six new BBCs wasreceived from Signatronin April and testedby the staff of GeodeticInstituteunder
the supervisionof Jouko Ritakari by the endof October. Also the constructionof the new 1.7msecondary
mirror for S/X observationswascompletedin October. Thework wasdoneby FinnishET-Tuote(Juva, Esa
Takkinen)basedonthedesignof TTINorte,Spain.Thenew mirror still lacksanantennasupport.Theordered
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S/X receiverarrivedfrom Santandor, Spain,in December(seechapter:Geo-VLBI Receiver). Theman-power
at the GeodeticInstitute is very limited, the person-in-charge for the project is the directorof the institute,
Matti Paunonen.Theoptimisticapproximationis thatgeodeticVLBI observationswill startat Metsähovi by
theendof theyear2003.Contactpersonfor thisprojectis Dr Matti Paunonen,FinnishGeodeticInstitute.

2.5.2 Station Hardware/Software

ProjectTeam:Könönen

FieldSystemUpdates

A new FS version9.5.3wasinstalledat Metsähovi in April. Sincethenseveral updateversionsof FS have
beendistributed.

GPSClockOffsetData

At Metsähovi the stability of the stationfrequency referenceis monitoredagainstseveral clocks. The clock
offset datahasso far beenproducedby VTT ATA clock comparator. The old comparatorwill be replaced
by a new oneof Metsähovi designby theendof theyear2003. A student,Minttu Koski, from theHelsinki
Polytechnic,“Stadia”, is doinghergraduatethesisin Metsähovi on thesubjectunderthesupervisionof two
Metsähovi employees,Ari MujunenandErkki Oinaskallio.

Normally thestability performanceof a H-maseris monitoredagainsta GlobalPositioningSatelliteSystem
(GPS)clock. Thetimedifferenceis calledGPSclockoffset.Since1996EVN hasrequiredthatall its member
instituteslog their daily GPSclock offsetdatamonthly to a commonFTParchive for thecorrelatoruse. At
Metsähovi the referenceGPSclock is HP58503AGPSclock which is comparedto the stationfrequency
reference. The clock offsetshave beenmonitoredby using a separateCGI programand the creationand
transferof theGPSclockoffsetlogshasrequiredmanualusageof anold matlabscriptandFTPprogram.

Due to two new RussianKvarzH-maserstheold clock offset scriptsneededto bemodi£ed. It wasdecided
thatthemodi£cationwouldbedonemorethoroughly. In orderto synchronizedataformats,shortscriptswere
writtento automaticallyproduceclockoffsetlogsin Metsähovi dataformatfrom thelog £lesin “clod” format.
Thisconversionmadetheclockoffsetdataavailablefor thecommonMetsähovi databrowsingCGI-program,
“MB”. Furthermore,dueto a newly built optimizedmasercave andgoodreputationof new H-masers,it was
consideredthat the momentwassuitablefor writing a perl script to automatizethe creationandtransferof
monthlyclockoffsetlog £lesto theEVN archive. Thesescriptsareexecutedautomaticallyby using“cron”, a
managementutility for regularbackgroundprocessing.

A laboratoryreport “Monitoring the GPSclock offset at Metsähovi RadioObservatory” will be published
in Metsähovi ReportsSeriesHUT-KURP in the beginning of the year2003. It describesnew scriptsmore
thoroughly.

New BBCs

Thesupplyof six new BBCswasreceived from Signatronin April. Metsähovi RadioObservatory took care
of their installationto theVLBI rack. (PlasticBBC edgeshadto becut in orderto £t theBBCsinto therack.)
TheBBC testingwasdoneby Octoberby theGeodeticObservatory.

New H-MasersandMaserRoom

Theconstructionof a new isolatedmaserroomwascompletedin January. By May it wasfoundout that the
temperaturecontrolsystemof thecave hadto berevised.Thelocal constructorwasin chargeof therequired
operationswhichwerecompletedby November.

Metsähovi received two new RussianKvarzH-masersin April. The installationtook lessthana week. The
RussianH-maser, Kvarz-69,replacedtheold EFOS-9H-maserasthestationfrequency reference.Theother
RussianH-maser, Kvarz-70,is usedto monitor theperformanceof theKvarz-69and,if necessary, to tuneit
by usingautomaticfrequency control.
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By theyear2002theEFOS-9H-maserfunctionedwith anexternalturbopumponly andin May it was£nally
shutoff.

Receivers

The22GHzand86GHzreceiversarefunctioningasbefore.

The43GHzreceiver is beingrepairedfor its brokenRCPHEMT. A new pairof 43GHz(LCP/RCP)HEMTs
waspurchasedfrom the“YLINEN ElectronicsLtd.” in September. Theinstallationof thenew HEMTs is still
pending. In OctoberOlli Koistinen,a former Metsahovi RX specialistwho is currentlyworking for Nokia,
took theLCPHEMT bondageinto examinationonemoretime.

An old 150GHz SISreceiver thatwasborrowed for the2 mm VLBI experimentsfrom PicoVeleta,IRAM-
Spain,wasreturnedto PV in December. During thesecond2 mm VLBI experimentin April therehadbeen
moresignsof theRX aging,for example,anexternalvacuumpumpanda heliumre£ll every otherdaywere
needed.

Metsähovi hasordereda new dual-feed,dual-polarization80-115/150GHz SIS receiver from Nizhny Nov-
gorod.Theexpecteddeliverywill bein 2003.Thenew receiver will replacetheold 86GHzRX.

Recorder

After the2 mm experimentfeedbackit wasdecidedthatMetsähovi will not usethick tapesin thefuture. It is
known thatsomeof therecordertracksarecorrupted.In autumnJouko RitakariandAri Mujuneninvestigated
therecorderfor £ndingout if therecordingquality canbeimproved. Theheadstackwasfoundto beslightly
(app. 20 micrometers)but not dangerously(app. 30 micrometers)worn out. Thesecondheadinstallationis
still pending.

Ventilationof VLBA/4 rack

New coolingfanswereinstalledto theBBC rackin April. In SeptembertheBBCswereblow-cleaned,guiding
walls wereaddedto theBBC rack,andevenmoreef£cientcoolingfanswereinstalledto bothBBC andMK
IV formatterracks.

2.5.3 VLBI Sessionsin 2002

ProjectTeam:Könönen, Mujunen,Ritakari

Thesecond2 mm VLBI experimentwasorganizedin April with PicoVeleta(Spain),SEST(Chile),Heinrich
HertzTelescope(HHT, Arizona,U.S.)andKitt Peak(KP, Arizona,U.S.). Metsähovi usedagain a He-cooled
150GHz SISreceiver, a 150GHz noisegeneratoranda LCP quarter-wave platethatwereall borrowedfrom
PV. The2 mm experimentPI Albert Greve from IRAM-FrancevisitedMetsähovi in 4.4 - 9.4andDave John
from PV in 2.4- 9.4for thereceiversetupandcalibration.Theobservationswereperformedin 18.4- 19.4.At
Metsähovi weatherconditionsweremostlygoodduringthethreedaysessionbuthalf of theobservingtimewas
lost dueto following reasons:a heliumre£ll in themiddleof thesession,SISchamberpressureinstabilities
andRX speci£cationsthat restrictedantenna's maximumelevation to 35 degrees. Almost all scanson the
strongestsource,i.e. 3C 279,succeeded.Thedatawerecorrelatedin Bonn. Transcontinentalfringesof two
sources(1633+382and3C 279)weredetectedon consecutive dayswith SNR 20-75on baselinesHHT-KP-
PV. Two othersources(3C 345 andNRAO 150) causeda fringe detectionwith SNR 7 on the transatlantic
baselineHHT-PV on a singleday. On thebaselineMetsähovi-PV only thesource3C 279wasdetectedwith
SNR 7. Weakersourceswereundetectable.In 20012 mmexperimentboth3C279and3C273weredetected
on the baselineMetsähovi -PV on eachobservingday with SNR 10. The major reasonsfor the degraded
performanceof Metsähovi werebadrecorderheadtrackscombinedwith thick taperecordingin barrelrolling
mode.As muchas75% of therecordeddatawaslost. The£nalresultsfrom theexperimentarestill pending.

CMVA organizedtwo observingsessionsin 2002,onein April andanotheronein October. Metsähovi did not
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participatein eitheronedueto thelimited staf£ng.

Figure13: The fringesof the masersourceW3OH werefound at the Kashima-Metsahovi e-VLBI 1 Gbit/s
22GHzexperiment(thebaselinewasabout8500kilometers).

In OctoberMetsähovi performeda successful1 Gbit/s e-VLBI experimentat 22 GHz togetherwith the
JapaneseKashima34m telescope.This wasthe £rst successfultranscontinental1 Gbit/s VLBI experiment
ever. Although weatherwasnot optimal at eitheroneof the stations,the experimentwent smoothly. Both
Metsahovi andKashimauseddirectIF sampling.TheIF bandfrom 0 to 500MHz wassampledwith theCRL
/ Digitallink ltd. ADS-1000samplersat1G(1024M)samples/srate.TheKashimateamrecordedthedatawith
theCRL PC-VSIdisk-basedrecorderequippedwith PC-VSI2000-DIMdataacquisitionboardworking at 1G
(1024M)bit/s speed.At Metsähovi thedatawasrecordedwith theVSIB system.Datawasstoredin normal
Linux £lesthatweretransferredto Japanwith normalnetworking tools.Datawascorrelatedin Kashimawith
a high-speedsoftwarecorrelator. No dataconversionswereneededsincethe£lescontainedraw samplerdata
startingat thehydrogenmaser1PPSmarker. Fringeswerefound in exactly theplacepredictedby theGPS-
hydrogenmaser1PPStimedifference.

EVN only organizedoneVLBI sessionat22GHzin 2002.Thiswasheldin November. Metsähovi participated
in thesession,althoughtheweatherconditionswerenot favourable,it wassnowing mostof thetime. Despite
this, fringeswerefound in theNetwork Monitoring experimentN02K1. Theplaybackdataquality in tracks
23–33is next to unusable.

In NovemberMetsähovi andJodrellBank madea joined effort for an European1 Gbit/s VLBI experiment
usingVSIB cardsystems.Unfortunatelythe experimentfailed dueto problemsin the LO of JodrellBank
22GHzreceiver.

2.6 Solar Research

ResearchGroupatMetsähovi: Urpo, Koistinen,Puhakka
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2.6.1 Solar Observing Campaigns

ProjectTeam:Urpo, Puhakka,Hurtta

Solar observationscontinuedat Metsähovi in 2002. Receiver working at 37 GHz was used. Numberof
observingdayswas44. More than100solarradiationmapsweremeasuredandactive regionsweretracked
for more than200 hoursin order to detectenergy burst andreleasesat radio waves. 47 main eventswere
detected.Analysisof measureddatacontinuedin internationalcooperation.
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Figure14: SolarmapmeasuredonAugust14,2002,frequency = 37GHz.

2.6.2 Solar Data Analysis

ProjectTeam:Urpo, Puhakka

Metsähovi solardataanalysiscontinuedin internationalcooperationwith Russia.Solarburstsmeasuredwith
theMetsähovi main telescopewasanalysedusingWigner-Ville method.Simultaneousburstsmeasuredwith
themaintelescopeand1.8m “spaceweathertelescope”werecompared.Metsähovi solarmapswereanalysed
usingimprovedIDL-programs.

2.6.3 SpaceWeatherObservation at 11:7GHz

ProjectTeam:Urpo, Puhakka,Oinaskallio

Sunantennais dedicatedfor continuoussolarobservationswhile the main telescopecould be usedfor that
purposeonly few weeksannually. Operationof the instrumentstartedin August2000. Radioeventsstarting
from few SolarFlux Units up to approximately400SFUcanberecorded.Logarithmicchannelwill increase
thedynamicalrangefrom thatessentially. All togetherover200eventsduring2002wereobservedandfew of
themsimultaneouslywith 37GHzreceiver of themaintelescope.
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Figure15: Seriesof solarmicrowave eventson August14, 2002, frequency 37 GHz. Optical ¤areswere
reportedat09.04UT and09.12UT
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PicoVeleta.Metsähovi PublicationsonRadioScienceHUT-MET-39, 4 p., 2002.

4 Urpo,S.,Mujunen,A. (editors):Metsähovi RadioObservatoryAnnualReport2001.Metsähovi Reports
HUT-KURP-23, 27p., 2002.

5 Urpo,S.: AurinkomittausohjeetMetsähovissa2002.Metsähovi ReportsHUT-KURP-24, 10p., 2002.

6 Puhakka,P.: Metsähovin radiotutkimusasemanaurinkoantenninsuuntausvirheistä.Metsähovi Publica-
tionsonRadioScienceHUT-MET-40, 12p., 2002.

7 Puhakka,P.: Gainmeasurementsof total power radiometer. Metsähovi Publicationson RadioScience
HUT-MET-41, 15p., 2002.

8 Puhakka,P.: Aurinkoantenninradiopurkaustenkalibrointiohjeet. Metsähovi ReportsHUT-KURP-25,
11p., 2002.

9 Wiik, K.: VLBI andtotal¤uxdensityinvestigationsof thestructureof activegalacticnuclei.Metsähovi
PublicationsonRadioScienceHUT-MET-42, 105p., 2002.

10 Sjöman,P.: Planck70 GHz LFI, elegantbreadboardFEM/BEM receivers. Metsähovi Publicationson
RadioScienceHUT-MET-43, 20p., 2002.

11 Jussila,I.: Extragalacticinverted-spectrumradiosources.Master'sThesis,March2002.

12 Puhakka,P.: Kokonaistehoradiometriauringonmikroaaltosäteilyntutkimuksessa.Progradu-tutkielma,
Helsinginyliopisto,Fysiikansuuntautumisvaihtoehto.Toukokuu2002.

13 Ritakari,J.,Mujunen,A.: TheMetsähovi Solutionfor GigabitVLBI. IVSCRLTechnologyDevelopment
CenterNews,SerialNo. 20. Publishedby CommunicationsResearchLaboratory, Nukui-kita,Koganei,
Japan,pp. 2-3,2002.

3.5 Other Publications

1 Jussila,I.: Extragalacticinverted-spectrumradiosources.Master'sThesis,March2002.

2 Puhakka,P.: Kokonaistehoradiometriauringonmikroaaltosäteilyntutkimuksessa.Progradu-tutkielma,
Helsinginyliopisto,Fysiikansuuntautumisvaihtoehto,2002.

3 Ritakari,J.,Mujunen,A.: TheMetsähovi Solutionfor GigabitVLBI. IVSCRLTechnologyDevelopment
CenterNews,SerialNo. 20. Publishedby CommunicationsResearchLaboratory, Nukui-kita,Koganei,
Japan,pp. 2-3,2002.
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4 Visits to Foreign Institutes

AstronomicalObservatoryof Trieste,Italy, 26.2–15.3.2002,M. Parviainen.

LandessternwarteHeidelberg, Germany, 1.–3.3.2002,M. Tornikoski.

JointInstituteof VLBI in Europe,Hollanti, 15.–20.6.2002,A. Mujunen.

JointInstituteof VLBI in Europe,Hollanti, 9.–18.7.2002,A. Mujunen.

Observationsat theSESTtelescope,Chile,18.8.–2.9.2002,I. Jussila.

AstronomicalObservatoryof Trieste,Italy, 6.11.–21.11.2002,M. Parviainen.

Observationsat theSESTtelescope,Chile,14.–23.12.2002,A. Lähteenmäki

Universityof Oxford,Astrophysics,UnitedKingdom,severalvisits,A. Lähteenmäki

5 Visiting Scientists

Bill Cotton,NRAO, USA, 25.–27.1.2002

Alexei Klimentov, CERN,Switzerland,28.2.–4.3.2002.

DaveJohn,IRAM, Spain,2.–9.4.2002

Albert Greve, IRAM, Spain,4.–9.4.2002

Dr. MarcTuerler, INTEGRAL ScienceDataCentre,Geneva,Switzerland;in Metsähovi 13.6.2002

JunichiNakajima,CRL, KSRC,RadioAstronomyApplications,Japan,26.8.–28.8.2002

Dr. PeterT. Poon,Dr. PamelaT. Wolken, NASA JPL,TelecommunicationsandMission OperationsDirec-
torate,InternationalVLBI Operations,23–25.9.2002

Dr. Igor Zinchenko, RussianAcademyof Science,Instituteof AppliedPhysics,Venäjä,6.–9.10.2002.

6 Thesis

Master's thesis:
Jussila,Ilona: Extragalacticinverted-spectrumradiosources.

Master's thesisatHelsinkiUniversity:
Puhakka,Pekka:Kokonaistehoradiometriauringonmikroaaltosäteilyntutkimuksessa.

Thesisfor thedegreeof Doctorof Technology:
Wiik, Kaj: VLBI andtotal ¤uxdensityinvestigationsof thestructureof active galacticnuclei.

7 Teaching

Supervisorfor IlonaJussila'sMasterThesis,M. Tornikoski.

Supervisorfor PekkaPuhakka's MasterThesis,S.Urpo
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Basiccourseon “RadioAstronomy”atHUT, S.Urpo

Visiting lecturerto thecourse“RadioAstronomy”atHUT, M. Tornikoski.

Assistantto thecourse“RadioAstronomy”atHUT, I. Jussila.

8 Other Activities

Evaluationof Dr. RamiVainio's scienti£cwork for adocenture(TurkuUniversity),M. Tornikoski.

Evaluationof Dr. TaunoTurunenfor professorshipfor Universityof Oulu,S.Urpo.

SolarPhysics,referee,S.Urpo.

HvarObservatoryBulletin, Boardof Editors,S.Urpo

8.1 Participation in Boardsand Committees

AAS, AmericanAstronomicalSociety, member, S.Urpo

EAS,EuropeanAstronomicalSociety, foundingmemberS.Urpo.

IAG, InternationalAssociationof Geodesy, associatememberS.Urpo.

AMS, TekesGuidingGroup,memberS.Urpo.

Planck,TekesSteeringGroup,member, S.Urpo.

COSPAR, CommitteeonSpaceResearch,FinnishNationalCommittee,member, S.Urpo.

COSPAR, CommissionE2,SolarPhysics,memberS.Urpo.

ESA,EuropeanSpaceAgency, SPCScienceProgrammeCommittee,memberS.Urpo.

EVN, EuropeanVLBI Network Boardof Directors,memberS.Urpo.

IAU, FinnishNationalCommittee,memberS.Urpo.

RISC,RadioastronInternationalScienceCommittee,memberS.Urpo.

TuorlaObservatory, memberof theBoardS.Urpo.

URSI,Unionof RadioScienceInternationa,FinnishNationalCommittee,vicememberS.Urpo.

WorkingGroupfor Finnish-RussianCooperationin SpaceField,memberS.Urpo.

Memberof thesteeringcommitteeof theANTARESSpaceResearchProgram,M. Tornikoski.

URSIComissionJ (Radioastronomy)delegate,M. Tornikoski.

Metsähovi Coordinatorof theECResearchTrainingNetwork “QuasarVariability”, M. Tornikoski.

FinnishAstronomicalSociety, Boardmember, M. Tornikoski.
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8.2 Inter national Meetingsand Talks

Talk “A VSI-H CompatibleRecordingSystemfor VLBI ande-VLBI”, SecondIVS GeneralMeeting,Tsukuba,
Japan,4.–7.2.2002,J.Ritakari.

Gamma-rayAGNs+ Planckforegroundsciencecollaborationwork with A. Lähteenmäki,Harringworth,Eng-
land,18.-24.2.2002,M. Tornikoski.

PlanningMeetingof 2 mmVLBI, 28.–30.2.2002,Bonn,Germany, S.Urpo.

Talks“A simplesoftwarearchitectureandproposeddataformatsfor e-VLBI” and“The EVN Gbit/se-VLBI
DataAcquisitionandPlaybackSystem”,e-VLBI Workshop“ConnectingtheGlobalVLBI Array in theNew
Eraof High-SpeedNetworks”, MIT, Haystack,USA, 6.–10.4.2002,J.Ritakari,A. Mujunen.

Talk “AGN radio monitoringat the Metsähovi andMichigan observatories”,23.24.5.2002,Milan, Italy, H.
Teräsranta.

Talk “Radio spectraandvariability of EGRETblazars”in theHigh-energy blazarastronomymeeting,heldin
Turku,Finland17.-21.6.2002,M. Tornikoski.

Poster“The radioeventsduringthestrongestgammaoutburstsin Blazars”,intheHigh-energy blazarastron-
omymeeting,heldin Turku,Finland17.-21.6.2002,H. Teräsranta.

Poster“Quasi-periodicactivity in Blazar0059+581”,inthe High-energy blazarastronomymeeting,held in
Turku,Finland17.-21.6.2002,H. Teräsranta.

Poster“Simulationson the effect of internalstructureof shockfronts on particleacceleration”in the High-
energy blazarastronomymeeting,heldin Turku,Finland17.-21.6.2002,J.Virtanen,R. Vainio.

Talk “InverseComptonmodelingof AGNs”,in the High-energy blazarastronomymeetingheld in Turku,
Finland17.–21.6.2002,A. Lähteenmäki.

RISC,RadioastronInternationalScienceCommittee,24.–28.9.2002,participationandchairmanof a session,
S.Urpo.

ESF- CommitteeonRadioAstronomicFrequency, Cagliari,Italy, 9.–13.10.2002,J.Ritakari.

PlanckLFI consortiummeetingSantander, Spain12.-17.10.,A. Lähteenmäki,M. Tornikoski,M. Parviainen.
Talk “Review of theWork Group6.1activities”, A. Lähteenmäki.

PlanckWork Group6 Kick-off Meeting,Paris,France,25.-26.11.2002,A. Lähteenmäki

Poster“Multifrequency monitoringof 3C 120,3C 279,andPKS1510-089”,Frascati,Italy, 10.-11.12.2001,
H. Teräsranta.

Poster“Millimeter bandobservationsof a large sampleof NorthernspectrumBlazars”,Frascati,Italy, 10.-
11.12.2001,H. Teräsranta.

Poster“The relationshipbetweenX-Raysandrelativistic jets”, Frascati,Italy, 10.-11.12.2001,H. Teräsranta.

8.3 National Meetingsand Talks

FMI/GEO,PlanningMeetingfor theCooperationGroupfor SpaceResearchInstitute,Helsinki,23.1.2002,S.
Urpo.

ResourceCommitteeof theHelsinkiUniversityof Technology, Espoo,6.3.2002,S.Urpo.

Academyof Finland,ESOSeminar, Helsinki,31.5.2002,S.Urpo,M. Tornikoski.

Metsähovi SpringTrainingMeeting,3.–5.6.2002,Stockholm,Sweden,P. Iso-Markku,I. Jussila,S.Hurtta,A.
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Mujunen,Nieminen,J.,E. Oinaskallio,M. Parviainen,P. Puhakka,J.Ritakari,S.Urpo.

Metsähovi RadioObservatoryAdvisoryCommittee,Metsähovi, 10.6.2002,S.Urpo.

WorkingGroupfor Finnish-RussianCooperationin SpaceField,Helsinki,11.6.2002,S.Urpo.

FinnishSpaceCommittee,Strategy Meeting,Helsinki,22.8.2002,S.Urpo.

Tekes,PlanckSteeringGroup,Espoo,20.9.2002,S.Urpo.

URSI/IEEEXXVII Conventionon RadioScience,Espoo17.–18.10.2002,participationandchairmanof a
session,S.Urpo.

PosterURSI/IEEEXXVII ConventiononRadioScience,Espoo17.–18.10.2002,A. Mujunen.

URSI/IEEEXXVII ConventiononRadioScience,Espoo17.–18.10.2002,M. Tornikoski, I. Jussila,M. Parvi-
ainen.

Academyof Finland,Coordinationof ScienceMeeting,Helsinki,23.10.2002,S.Urpo.

Talk “Solar Monitoring at 11.7GHz for SpaceWeatherApplications”,The IX Meetingof FinnishNational
COSPAR heldin Oulu,Finland,30.10.–1.11.2002,S.Urpo.

Antaresfall seminar2002,Oulu31.10.2002,S.Urpo.

Talk “Radioobservationsasa tool for understandinggamma-rayemissionin ActiveGalacticNuclei”, TheIX
Meetingof FinnishNationalCOSPAR heldin Oulu,Finland,30.10.–1.11.2002,M. Tornikoski.

Talk “Inverted-spectrumradiosourcesandPlanckforegroundscience”,The IX Meetingof FinnishNational
COSPAR heldin Oulu,Finland30.10–1.11.2002,I. Jussila.

Talk “Quick pointsourceextractionfrom Plancksatellitedata”,TheIX Meetingof FinnishNationalCOSPAR
heldin Oulu,Finland30.10.–1.11.2002,M. Parviainen.

GraduateSchoolof AstronomyandSpaceResearch,SteeringGroupMeeting,Oulu,22.11.2002,S.Urpo.

Tekes,PlanckSteeringGroup,Espoo,26.11.2002,S.Urpo.

8.4 Participation in summerschools

Missionconceptandpayloaddesignin X- andgammarayastronomy. InternationalAdvancedSchoolLeonardi
daVinci, Italy, 30.6.–13.7.2002.I. Jussila.

8.5 Public Relations

Radioma£apressiklubi4.10.,M. Tornikoskiwasinterviewedaboutradioastronomy.

Lectureto theamateurastronomyclub LohjanUrsa4.4. andto theamateurastronomyclub Kirkkonummen
Komeetta18.12,M. Tornikoski.

TV interview by ATV channelatMetsähovi, 19.12.2002,S.Urpo,A. Mujunen,E. Oinaskallio.

GeneralMetsähovi toursandshorttalksaboutradioastronomicalresearchto many visiting groups,P. Könö-
nen,H. Teräsranta,M. Tornikoski,S.Urpo.
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9 Personnelin 2002

PermanentPositionsfunded by the Helsinki University of Technology

Urpo,Seppo,Prof.,Dr.Tech. Director, Docent Seppo.Urpo@hut.£
Hurtta,Solveig,Ms. Secretary Solveig.Hurtta@hut.£
Oinaskallio,Erkki, Mr. Technician Erkki.Oinaskallio@hut.£
Peltonen,Juhani,Dr.Tech. Laboratoryengineer, parttime jussi@kurp.hut.£

Scienti£cand TechnicalStaff Fundedby Research Contracts

Hakala,Tero,student Researchaid,1.6.–31.8.2002 th@kurp.hut.£
Iso-Markku,Pentti,student Researchaid,19.2.–18.9.2002
Jussila,Ilona,student Researcher ilo@kurp.hut.£
Koistinen,Olli, Lic.Tech. Researcher, until 30.9.2002,parttime Olli.Koistinen@hut.£
Koski,Minttu, student Researchaid,parttime, from 26.8.2002
Könönen,Prisse,student Researchaid prisse@kurp.hut.£
Liljeström,Tarja,Dr.Phil. Researcher, parttime Tarja.Liljestrom@hut.£
Lähteenmäki,Anne,Dr.Tech. Researcher alien@kurp.hut.£
Mujunen,Ari, Dipl.Eng. Researcher,

Laboratoryengineerfrom 1.10.2002 Ari.Mujunen@hut.£
Nieminen,Jussi,student Systemsadministration,from 20.2.2002 Jussi.Nieminen@hut.£
Parviainen,Mikko, student, Researchaid pare@kurp.hut.£
Puhakka,Pekka,student Researchaid,until 13.10.2002 pvspuhak@kurp.hut.£
Ritakari,Jouko, Dipl.Eng. Researcher jr@kurp.hut.£
Rönnberg, Henry, Mr. Mechanic
Saloranta,Pia-Maria,student, Researchaid,1.6.–31.8.2002 pia@kurp.hut.£
Sjöman,Pekka,Dipl.Eng Researcher, parttime psj@kurp.hut.£
Teräsranta,Harri, Dr.Tech. Researcher hte@kurp.hut.£
Tornikoski,Merja,Dr.Tech. AcademyResearchFellow,

Academyof Finland,ResearchCouncil
for NaturalScienceandEngineeering
Docentof spacetechnologyand
radioastronomy Merja.Tornikoski@hut.£

Virtanen,Joni,student researchaid,1.5.–31.7.2002
Wiik, Kaj, Dipl.Eng. Graduatestudent Kaj.Wiik@iki.£

Metsähovi Advisory Committee

Juuti,Pauli, M.Sc.(Eng) Tiuri, Martti, Prof.emer., M.P. (Chair)
Pellinen,Risto,Prof. Valtonen,Mauri, Prof.
Somervuo,Pekka,Dr.Tech. Urpo,Seppo,Prof. (Secretary)
Tanskanen,Pekka,Prof.
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METSÄHOVI PUBLICATIONSON RADIO SCIENCE

HUT-MET-27 Silja Pohjolainen(ed.):CESRAWorkshoponCoronalExplosiveEvents.1998.

HUT-MET-28 AnneLähteenmäki,Esko Valtaoja:Total ¤uxdensityvariationsin extragalacticradiosources.
III. Dopplerboostingfactors,Lorentzfactorsandviewing anglesfor activegalacticnuclei.1999.

HUT-MET-29 V.V. Zaitsev, S.Urpo,A.V. Stepanov: Dynamicsof energy releasein single¤areloop. 1999.

HUT-MET-30 V.V. Zaitsev, S.Urpo,A.V. Stepanov: Radiationsignaturesof solarenergy releaseat
mm-wavelengths:Advancedcircuit model.1999.

HUT-MET-31 AnneLähteenmäki:Total ¤uxdensityvariationsextragalacticradiosources:observations
andanalysis.1999.

HUT-MET-32 V.V. Zaitsev, A.G. Kislyakov, S.Urpo,A.V. Stepanov, E.I. Shkelev: TheWigner-Ville Analysisof
SolarMicrowaveEmission,2000.

HUT-MET-33 P. Sjöman,N.J.Hughes:PlanckTechnology70GHzDemonstratorTestReport.2001.

HUT-MET-34 T. Liljeström,C.R.Gwinn: WaterMasersProbingMagneticPressureandAlfvénic Turbulencein
W49N.2001.

HUT-MET-35 T. Liljeström: RadioSpectroscopicStudiesonCosmicWaterMasers.2001.

HUT-MET-36 V.V. Zaitsev, A.G. Kislyakov, S.Urpo,A.V. Stepanov, E.I. Shkelev: Low-Frequency Modulationsin
SolarMillimeter WaveBursts.2001.

HUT-MET-37 F.T. Rantakyrö, K. Wiik, M. Tornikoski,E. Valtaoja,L.B. Bååth:Multifrequency Interferometerand
RadioContinuumMonitoringObservationsof CTA 102.2002.

HUT-MET-38 T. Savolainen,K. Wiik, E. Valtaoja,S.G.Jorstad,A.P. Marscher:ConnectionsBetweenMillimeter
ContinuumVariationsandVLBI Structurein 27AGN. 2002.

HUT-MET-39 A. Greve,P. Könönen,D.A. Graham,K. Wiik, T.P. Krichbaum,J.Conway, F. Rantakyrö, S.Urpo,
M. Grewing, R.S.Booth,D. John,S.Navarro,A. Mujunen,J.Ritakari,J.Peltonen,P. Sjöman,
M. Berton:147GHzVLBI observations:Detectionof Fringeson the3 100km Baseline
Metsähovi - PicoVeleta.2002.

HUT-MET-40 PekkaPuhakka:Metsähovin Radiotutkimusasemanaurinkoantenninsuuntausvirheitä.2002.

HUT-MET-41 PekkaPuhakka:Gainmeasurementsof a total power radiometer. 2002.

HUT-MET-42 Kaj Wiik: VLBI andtotal ¤uxdensityinvestigationsof thestructureof activegalacticnuclei.2002.

HUT-MET-43 PekkaSjöman:Planck70GHzLFI, elegantbreadboardFEM/BEM receivers.2002.

HUT-MET-44 Zaitsev, V.V., Kislyakov, A.G., Urpo,S.,Stepanov, A.V., Shkelev, E.I.: Solarmillimeterwavebursts:
time-frequency analysis.2003.

METSÄHOVI REPORTS

HUT-KURP-13 Silja Pohjolainen(ed.):Metsähovi RadioObservatoryAnnualReport1997.1998.

HUT-KURP-14 Ari Mujunen,Mika Perttula,JanEngelberg: UsingCVSatMetsähovi. 1998.

HUT-KURP-15 S.Urpo,A. Mujunen(eds.):Metsähovi RadioObservatory, AnnualReport1998.1999.

HUT-KURP-16 J.Engelberg, A. Mujunen,E. Oinaskallio:RadioSpectrumMonitoringSystem– spektrd.2000.



HUT-KURP-17 EsaVilenius,PrisseKönönen:Calibrationof the“GroWeather”weatherstationsatMetsähovi. 2000.

HUT-KURP-18 PrisseKönönen:“Weather@Metsähovi” – weathermonitoringsystematMetsähovi. 2000.

HUT-KURP-19 S.Urpo,A. Mujunen(eds.):Metsähovi RadioObservatory, AnnualReport1999.2000.

HUT-KURP-20 J.Engelberg, A. Mujunen:EFOSMonitoringSystem– efosd.2000.

HUT-KURP-21 P. Könönen:“Efos9@Metsähovi” – Efos9 HydrogenMaserMonitoringSystematMetsähovi. 2000.

HUT-KURP-22 S.Urpo,A. Mujunen(eds.):Metsähovi RadioObservatory, AnnualReport2000.2001.

HUT-KURP-23 S.Urpo,A. Mujunen(eds.):Metsähovi RadioObservatory, AnnualReport2001.2002.

HUT-KURP-24 S.Urpo: AurinkomittausohjeetMetsähovissa2002.2002.

HUT-KURP-25 P. Puhakka:Aurinkoantenninradiopurkaustenkalibrointiohjeet.2002.

HUT-KURP-26 S.Urpo,A. Mujunen(eds.):Metsähovi RadioObservatory, AnnualReport2002.2003.
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