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1 Intr oduction

TheMetsähovi RadioObservatory, a separateresearchinstituteat theHelsinki Universityof Technologysince
May 1988,operatesa14m diameterradiotelescopeatMetsähovi, Kylmälä,about35km westfrom theuniver-
sity campus.Theinstitutealsohaspremisesin theElectricalEngineeringFacultybuilding, Otakaari5, Espoo.
The main usersof the stationarethe Helsinki University of Technology, the University of Helsinki, andthe
University of Turku. In the samearea,nearMetsähovi RadioObservatory, therearealsothe buildingsof the
Metsähovi Observatory(Universityof Helsinki; opticalastronomy)andtheMetsähovi SpaceGeodeticStation
(GeodeticInstitute;geodesy).

TheMetsähovi RadioObservatoryhasbeenoperationalsince1974. Theupgradingof thetelescopewasdone
during 1992¡ 1994. The radomewas replacedwith a new oneandnew surfacepanelswere installed. The
surfaceaccuracy of thepresenttelescopeis 0.1 mm (rms). Theold analogservo systemof the telescopewas
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.

TheactivitiesatMetsähovi areconcentratedonmillimeterwavesandmicrowaves.Theusedfrequenciesare10
¢¢¢150GHz,andthecorrespondingwavelengths30¢¢¢2 mm. Theresearchin technologyincludesdevelopment
of microwave receivers,developmentof receiving methods,developmentof dataprocessinganddevelopment
of antennatechnology. Theobjectsof radioastronomicalresearchare: solarmillimeter andmicrowave radia-
tion, variablequasars,active galaxies,molecularline radiation,andvery long baselineinterferometry(VLBI).
Metsähovi participatesin the educationat the Helsinki University of Technologyby organizingcoursesand
exercisesfor students,andgraduatestudentscanstudyfor a licentiate's or doctor's degreeatMetsähovi.

Around20 scientists,engineers,or researchassistants,andsupportpersonnelfrom theHelsinki Universityof
Technologywork at the institute. In additionabout10 studentsdid radioastronomicalobservationsunderthe
guidanceof Metsähovi staff. Five of theemployeesarepaidby theHelsinki Universityof Technology, andthe
othersareemployedby researchprojects£nancedmainly by theAcademyof Finland. Theotherusersof the
Metsähovi telescopearetheradioastronomygroupat theUniversityof Helsinki,andtheradioastronomygroup
at theUniversityof Turku.

In 2001thetotalexpenditureof theMetsähovi RadioObservatorywasabout5,9million FIM, includingsalaries.
Thiswas£nancedby:

HelsinkiUniversityof Technology49%
Academyof Finland26%
Tekes12%
Others14%
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2 Research Activities

In this chapterthemainresearchactivities at Metsähovi areintroduced.Someof theprojectteamsincludealso
scientistsworkingatotherinstitutes.ThecontactpersonatMetsähovi is underlinedin eachprojectteamlist.

2.1 Radio Astronomical Instrumentation

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

2.1.1 Planck 70GHz Receiver

ProjectTeam:Sjöman, Peltonen,Rönnberg

Metsähovi haskept the co-operationgoingwith Ylinen ElectronicsLtd in thePlanck70 GHz receiver devel-
opmentproject. The recentdevelopmenthasbeenin the measurement£eld whereEBB-type(Elegant Bread
Board)receiverpreliminarytestinghasbeendonecollaboratingwith Ylinen in thePlanckproject.Thereceiver
designhasbeendoneby NicholasHughesatYlinen but alsoin thedesignphasesomeproblemsweresolvedby
Metsähovi personnel.The£nalEBB ampli£erschainsandreceiver canbeseenin Figure1 a,bandc.

a) b)

c)

Figure1: a) An EBB ampli£erchainwith lid off. b) The EBB ampli£erchainwith lid on and from other
direction.c) Final integratedEBB receiver with testwaveguidejigs.

ThemainMetsähovi work hasbeenin theEBB testsystemdesignandbuilding. Theequipmentsof thesystem
aresuppliedby Ylinen Electronics.Thesystemcontains20K and4K closedcycle coolers,60-90GHz VNA,
automatednoisetemperaturemeasurementset-upandall theneededpowerandmonitoringinterfaces.Also the
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EBB testsitself havebeenmainlydoneby Metsähovi people.In Figure2 aandb is shown vacuumchamberfor
thecryogenicmeasurements.

a) b)

Figure2: a)Thevacuumchamberfor thecryogenicEBB measurements.b) A 70K radiationshieldwhereEBB
is mountedwhenmeasured.TheEBB is notmountedinsidetheshield.

2.1.2 Maintenanceand Upgradesof Receivers

Projectteam:Peltonen, Urpo,Oinaskallio

Two failuresin operationalreceivers occurredduring the year 2001: LO sourcefault of the 22 GHz room
temperaturecontinuumreceiverandtheright handpolarizationchannelfront end(HEMT LNA) of the43GHz
VLBI receiver.

The temperaturecontrol of the detectorin the 22 GHz continuumreceiver wasimproved in orderto achieve
betteroutputstability. Unfortunatelyduringthis work probablya mechanicalshockcauseda failurein theLO
source. The Gunndiode lost the contactto the biaspost resultingzerooutputpower. The oscillatormount
wasdisassembledandpressurebetweenthe biaspostanddiodewasincreasedby a stiffter springin the bias
structure.After thisrepairtheGunnoscillatorhasbeenoperatingreliableat thesamefrequency andpower level
asbefore.

A completelynew conceptfor this roomtemperaturereceiver hasbeenconsidered.Replacingthis freerunning
Gunnoscillatorwith a phaselocked YIG-sourcethis receiver could be usedboth for continuumobservations
asbeforeandalso for spectralline observationsat 22.232GHz. The YIG-oscillator (MLPM-1083) with an
outputof + 13dBmandcenterfrequency of 11GHzwill beused.Experimentsshowedthatwith coarsetuning
voltagesof +0.74and-1.83V thedesiredoutputfrequenciesof 11.1GHzand10.74GHzweregenerated.This
spectrallypureoscillator is followed by a FET power ampli£eranda frequency doublerdesignedby Ylinen
Electronics.Thepower ampli£ermodulealsoincludesa harmonicmixer which canbeusedwith a harmonic
numberashigh as20, thustherequiredsynthesizerfrequency is around500MHz. Thedoubleroperateswith
10

The43GHzVLBI-receivercanbeusedat themomentonly for theleft handpolarization.TheLNA in theright
handpolarizationchannelshows loweredgain andincreasednoisetemperaturesevenat roomtemperature.In
the £ve stageHEMT ampli£erthe fourth stageseemsto be the reasonfor degradedperformance.The gate
voltageof thisstageis muchtoohigh indicatingthatthebondinghaslost thecontactto thegatepador thechip
hasbeendestroyed.TheLNA hasbeendeliveredto Ylinen Electronicsfor anattemptto repairthefailure.

2.1.3 Computing Infrastructur e

ProjectTeam:Mujunen
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Metsähovi computingfacilities arebasedon networked Linux computers.A coresetof Linux serversoffer
general-purposeandobservationaldatastorage.Anothersetof dedicatedLinux controlcomputersmanagethe
telescope,dataacquisition,andauxiliary servicessuchasGPSreceiversandweatherstations.Finally, a larger
setof Linux workstationsrunningtheX Window Systemprovideaccessto Metsähovi personnel.

Theobservatorysiteis connectedto theInternetusinga 2 Mbit/s dedicatedleasedline to universitycomputing
center.

Both the“ /home ” and“ /data ” NFSserverswereupgradedwith AMD Athlon 1GHz-classprocessors,512MB
of memory, andLinux RAID0 75GBIDE disk subsystemswith anequalamountof non-RAIDedIDE backup
storage.

IDL version5.4wasinstalledon“kurp.hut.fi ” (2 ¤oatinglicenses)andontwo Linux computersdedicatedto
solarresearch.Version5.4dropssupportfor GIF graphicoutput.Matlab6.0with sharedlicensesupportfrom
universitycomputingcenterwasalsoinstalledon “kurp.hut.fi ”.

For electronicsdevelopment,PADS PowerLogicandPowerPCB3.0wereused,togetherwith Xilinx Foundation
v2.1i VHDL toolsfor FPGAdevelopment.

2.1.4 Data Monitoring

ProjectTeam:Könönen, Mujunen

Dataorigin

Thereareseveral different typesof datawhich areobserved andcollectednon-stopat Metsähovi RadioOb-
servatory. Most often the purposeof the datais to aid astronomicalobservationsand the maintenanceand
upgradingof instruments.Datasourcesvary; for example,therearetwo weatherstationsin Metsähovi, a spec-
trum analyzerto measureradio interference,theEFOS-9hydrogenmaserwhich is the frequency referenceof
theobservatoryandanADAM/NuDAM control/monitornetwork whichis usedamongstotherthingsto observe
thestateof astronomicalreceiversandto collectdatafrom the2-msolarradiometer.

Originaldataformat

Themonitoringdatais savedto daily text £lesto alinux pc“data.kurp.hut.£”.The£leformatis asetrows,each
row includinga time label,thenameof adataparameterandits' prevailing value,all separatedby tabulators.

Monitoring programs

As long setsof plain numericalvaluesarenot very illustrative thereis a demandto view thedatagraphically
by plotting monitoreddatavaluesversusa selectedtime period,or simply to catchthe latestdatavalues.For
thatreasontwo CGI programsweredevelopedduringthelast two years.Theseprogramshave beenwritten in
Perlprogramminglanguageandthey areavailableat thesite“http://kurp.hut.£/local/”which initially limits the
accessto the computerson-siteat Metsähovi. Availablemonitoringprogramsandtheir presentdevelopment
statusarelistedbelow.

Figure3 a andb illustratetheobservedtotal power at 86 GHz while makingazimuthalsweepsin theelevation
range5-19 degreeson clearnightsin JanuaryandOctober, respectively. Betweenthesetwo observationsthe
surroundingforestwaspartly cut. Theobservationalresultsarenot calibratedbut only plottedto a samescale.
By comparing£gures,it seemsthatthenoiselevel nearto horizonhasdroppedfrom January. Figure3 c presents
the differenceof uncalibratedobservationalresultsat eachelevation. The plot is only suggestive but onecan
claim thatthelevel of thebackgroundradiationin Easthasdroppedremarkably.

Monitoringprograms- MB

The“Multi-Browsing” program,“MB”, is averyconsumedCGI-programthatallows¤exible plottingof moni-
toreddata.MB is basedon Perlprogramminglanguageandit utilizesa perlmodule“CGI.pm” for creatingthe
webinterface,anda freely distributableplotting program“gnuplot” for imaging.Theprogramcanbefoundat
theaddress“http://data.kurp.hut.£/cgi-bin/mb.cgi”.

4



a)

b)

c)

Figure3: Monitoringthebackgroundnoiseat low elevationsbeforeandaftercuttingtheforestwhichsurrounds
Metsähovi.
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By usingMB, a usercanfreely choosedataparameters,a time periodandplot settings.Onecanmake new
selections,loadone's own prede£nedselections,or usedefault plot settingsfor selecteddataparameters.

The resultingplots can be eyed on the screenand the plotting datais available in several formats(plots in
PostscriptandGIF formats,bothgnuplotcommand£lesto generatetheseplotsandplain numericalvaluesof
parametersin correspondingtext £les).

Severaldataparameterscanbegraphedin asinglepicture,thetimeaxiscanbeeitherverticalor horizontalaxis
andbothorthogonaldataaxescanbeusedin ade£nedway. Theplot textscanincludeiso-8859-1characters.

MB makesa new datatype availableautomaticallyas the new directory including a text £le with “mb_txt”
extensionis addedto the“data”. The“mb_txt” £leholdsgeneralinformationof log £ledatain thatdirectory.

In usefollowing featureswerefound to be potentialnew facilities: plotting on a sub-secondscale,averaging
andotherwisemathematicallymanipulatingdatabeforeplotting, andplotting broad-bandRI or astronomical
datain 3D.Also, it is worthwhileto consideraddingtheuseof latex formulationsin text titles,sinceit is afairly
straighforwardtask.

Monitoringprograms- Parameterreplacement,“latest” script

Thelatestmonitoredparametervaluescanbeinsertedinto a regularhtml text £leby usingproper“coding” and
viewing thesetext £lesusinga CGI program“latest.cgi”. Themanualpagefor theprogramcanbefoundfrom
theaddress“http://data.kurp.hut.£/cgi-bin/latest.cgi?element_replacement.html”. Themanualincludesa listing
of all availabledataparameters,a descriptionof codingsyntax,and instructionshow to view the html page
usingthe“latest.cgi”script.

A selectionof html pagespresentingparameterinfo werewrittento aidobservers.An observercanselectafrom
a sideframelink to a pagewith suitablesetof weatherandantennatemperaturevalues.Thesearepresented
on the backgroundpictureof the observatory. The automaticallyupdatingpagesareavailableat the address
“http://data.kurp.hut.£/latest/kurp_pic.html”.

2.1.5 Solar Monitoring Telescope

ProjectTeam:Puhakka, Mujunen,Sjöman

Sunantennais a separatesmall sizereceiver systemdesignedto observe the total ¤ux of thesolarmicrowave
radiationwith apassbandof about1GHzaroundcenterfrequency of 11:7GHz. Rathersimpli£edconstruction
consistsof standardcommercialmicrowave front end,self designedIF-electronicsanddataacquisitionby 16-
bit A/D-converter. Thesizeof themainbeamin radiationpatternof theantennais approximately1:1±, which is
enoughto observe thetotal ¤uxof theSun's hemisphere.

Receiver hasgot two channels,linear andlogarithmic from which the linear is the only calibratedoneat the
moment.Thus,thereceiver offersnow a dynamicalrangeup to approximately5000K in antennatemperature,
correspondingupto 400SolarFlux Unit radioburstin theSunwhenthesystemnoiseandsilentSunbackground
level is substracted.

Control systemof the antennais using quite largerly the samecomputerand electronicsarchitectureas the
main telescopeof Metsähovi observatory, altoughsomenew designfor examplewith SSI encoderinterfaces
wasimplemented.Theout-doorpartof thereceiver consistsof diameterof 1:8m commercialsatellitedishand
smallaccessorycompartment.Main electronicsfor servo systemanddataacquisitionwith two computersare
£ttedinto onerackinsidethecontrolroom.

This instrumenthasbeenobservingtheSuncontinuouslysinceAugust2000excludingsomecalibrationmea-
surements,maintenanceand twilight/night time. Someexamplesof observed eventsare includedin chap-
ter2.6.3.
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Figure4: Sunantenna.

Figure5: Controlrackof theSunantenna.

2.1.6 The Developmentof NewObservational Programsfor Metsähovi

ProjectTeam:Könönen, Mujunen

Philosophy
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Therenewal of theantennacontrolsystemreachedthestatewhereit is naturalto rewrite observationalprograms
for takingthepro£tof thenew digitalizedbackendsystem,TCPnetwork andthedistributedLinux PCsystem.

Sofar theobservationalprogramrenewal processhasfollowedthepathof writing separateprogramsfor sepa-
ratetypesof observations(e.g.,solarcontinuum,quasarcontinuum).This time it wasdecidedthattheapproach
wouldbeto write ratheran“observationalprogramlanguage”thatwouldallow: - simplesyntaxfor writing “ob-
servationalprocedures”- communicativecontrolof observationalsub-systems(antennacontrol,data-acquiring,
etc.) - necessarytoolsfor monitoringobservationalresultsandfor executingspeci£coperations(e.g.,determi-
nationof thequietSunlevel) - reliableexecutionof observationalprocedures

The¤exibility of this approachlies in two basis.Firstly, in themultifunctionalityof theobservationalprogram
language,sincecommandprocedurescanbe generatedfor varioussystemsthat canbe controlledexternally,
e.g.,14-m antenna,2-m solarradiometer. Secondly, in the “re-programmability”of the observationalproce-
dures,sinceobserversmaychooseto usepre-writtenobservationalproceduresandlibraries,but alsocanedit
observationalproceduresandwrite completelynew ones.

The very basicassumptionis that most of the observers want to make “standardobservations” using “pre-
de£ned”observational procedures.Only a few observers will needto createcompletelynew observational
schemesor updateandimprove existing ones.Theseobserversshouldbeofferedgoodinstructionsof boththe
observationallanguagesyntaxandof themeansof extendingobservationalprogramlanguagewith additional
modules.

SinceVLBI observationsaredoneby usingtheinternationalFieldSystemprogramandthemaintenanceof the
spectralline observationalprogramhasbeenthe responsibilityof the University of Helsinki, the main focus
is to developtheobservationalproceduresfor solarandquasarcontinuumobservationsandfor controllingthe
newly constructed2-msolarradiometer.

Means

It wasdecidedthatthebasisof theobservationalprogramlanguagewouldbePerlprogramminglanguagethatis
distributedundertheGNU GeneralPublicLicensefor severalplatforms,includingLinux. Perlhasexcellenttext
processingandTCPcommunicationcapabilities,andallows “glueing” thefunctionsof variousotherprograms
(C, graphical,etc)into it.

Theobservationalprogramlanguageprojectrunsundera title “Meas” which is anabbreviation for “Metsähovi
AstronomicalSyntax”.Thenameoriginatesfrom thenameof theLinux PC“meacon”whichwill host“meas”.
Thename“meas”maybereplacedby amoreappropriateonein thefuture.

Measinterpretstext linesasexecutablecommands.Dependingon thesyntaxof the line thecommandwill be
classi£edasa TCPcommand,conditionsentence,timing command,procedureexecution,substitution,opera-
tion or asentencefor Perlevaluation.

TheTCPcommandsaredirectedto anamedcomputerusingade£nedportnumber. Thereplycanbetestedfor a
certainstringandpossiblecomma-separatedreturnvaluesaredistinguishedfor possibleusein latercommands.
This way separateobservationalLinux PCs(daqqer- dataacquiringcomputer, antcon- antennacontrolling
computer, data- datasaving computer, etc.) andAdam/NuDAM controlledinstrumentsareavailablefor meas
users.

Severalobservationaltaskswill requirespecialproceduresto beconstructed.Theseincludegraphicalpresen-
tationof observationalresults(solarmaps,solarhot spotandquasarcontinuummonitoring),de£ningquietsun
level andlocatingsolarhot spots,pointingprocedures,transcriptingobservationaldata£lesinto a suitable£ts
format£les,possibilityto createcoordinate/sourcelibraries,andtheautomatizationof calibrationalprocedures,
etc..

Status

The new backend systemwas completedin autumnbut for the delay causedby variousother projectsthe
programmingwork only got properlystartedin November. By the endof the yearthe “measinterpreter”for
mostbasicmeascommandswasfunctionableandexperimentalsolarmapswereproduced.

8



As observationalperl scriptswereexperimented,a testscriptwaswritten to measure87 GHz radiationlevels
nearto thehorizon. Themainmotivation for theexperimentwasthatmostof the forestsurroundingantenna
site wasgoing to be cut in the summer. We wereinterestedof possiblechangesin the backgroundradiation
levelsat low elevations.

The following two picturespresenttheobserved total power at 86 GHz nearto thehorizonon clearnightsin
Januaryand in October, respectively. In both imagesthe elevation spanis 5-19 degreesand the stepis one
degree.

Thethird imagepresentsa suggestive (nocalibrationwasdone,neitheropacityeffectswereconsidered)differ-
encebetweentheobservedvaluesat eachelevation. This pictureindicatesthequantityof the “tree effect” to
observationsprior to thecut.

As therestill is un-cut forest very nearto radome(especiallyin East),the landscapeis not ¤at (rocky hills
especiallyin East)andtherearetwo geodeticmeasuringtowerscloseto theobservatory(in East),it is clearthat
therearealsootherobviousreasonsthanopacityto avoid astronomicalobservationsat low elevations.

Therehasbeenno discussionif these“systematiclow altitudeeffects” shouldbemappedat eachobservational
frequency in orderto useresults,for example,to enhancetheaccuracy of calibrationalandpointingschemes.

2.2 Extragalactic Radio Sources

ResearchGroupatMetsähovi: Urpo, Lähteenmäki,Teräsranta,Tornikoski

2.2.1 Monitoring of Quasars

ProjectTeam:Teräsranta, Koivisto,Kujala,Saarinen,Wiren.

Themonitoringof quasarswith theMetsähovi antennacontinuedfor the21styear. Despitelongservicebreaks
about2500observationsweremadeduringtheyear2001.Over50%of theobservationsweredonein automatic
mode.Therestwasdoneby H. Teräsranta,SeppoWiren,PerttiKoivula,PasiKujalaandVille Saarinen.All the
observer'ssalarieswerepaidby theMetsähovi observatory. Theextendedlist of sources,over200¤atspectrum
sourceswasobservedthroughtheyearto learnmoreof theduty cycle of thesources.Theaim is to selectthe
sourceswhich retaina ¤at spectrumup to 37 GHz andalsoshow Blazartype behaviour (violent variability).
Thenew sampleis to give supportto next gamma-rayobservatoriesAGILE (to belaunched2003)andGLAST
(to be launched2005),aswell as to the PLANCK surveyer (to be launchedaroundthe year2007). AGILE
andGLAST aremoresensitive thanEGRET(theformergamma-rayobservatory)andhave a muchwider £eld
of view. With monthslong integrationsthey areexpectedto detecta multible numberof sourcescomparedto
EGRET.

In Figure6 is shown the weekly mean¤ux densityof the quasar2145+067from 1986to the endof 2001at
22 GHz asobservedat Metsähovi. Fromthedetectionsof the formergamma-rayobservatory, EGRET, it was
foundthat thegamma-rayburstscomewhenthemillimeter ¤ux is in thestartof anoutburstor in a high state.
Anothercommonfeaturewasa ¤at spectrumup to millimeter wavebands.Also a new VLBI componenthas
beenseenejectedsoonafter the gamma-rayevents. At the higherfrequencies,90 GHz andhigher, the duty
cycle in theblazar¤aresis suchthat the£rstoutburst is seento decaybeforethenext outburst is rising. This
behaviour is alsoseenin mostcasesat 37 GHzandin somecasesat 22 GHz. At lower frequenciesit is usually
not possibleto separatethe individual ¤ares.Well sampled¤uxcurveshelp to connecteventsseenat different
wavebandsandthusgive a possibilityto verify which emissionmodelis responciplefor thegamma-rayevents
in Blazars.Metsähovi is theonly placewheremonitoringof a largenumberof Blazarsis doneabove 15 GHz,
whichoutlinestheimportanceof thisproject.

Co-operationwith severalresearchgroupscontinuedalsoduringthisyear.
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Figure6: Theweeklymean¤uxdensityof thequasar2145+067at22GHzsince1986.

2.2.2 AGN Science

ProjectteamTornikoski, Lähteenmäki,Jussila,Parviainen,Valtaoja(Turku),Lainela(Turku)

Inverted-spectrumsourcesandcandidates

In 2001 we continuedour study of inverted-spectrumradio sources. Our study of new southerninverted-
spectrumsourcesandthe variability of southern“bona£de” GPSsourceswaspublishedin the Astronomical
Journalin the beginning of 2001. We wantedto continueto studythesesourcesandsubmittedan observing
proposalfor the SESTtelescope,andwe weregrantedobservingtime in August. Unfortunatelythe weather
wasvery bad(high wind speeds,high humidity, heavy snowfall) andonly obtainedvery few new datapoints.
We alsoextendedour studyof theinverted-spectrumsourcesto theNothernhemisphereandstartedto observe
asampleof GPSsourcesandcandidateswith theMetsähovi radiotelescope.Theprojectcontinuesto 2002and
theresultswill bepublishedin 2002aspartof IlonaJussila'sMaster'sThesis.

High-peakedBL LacertaeObjects

In 2001we startedan observingproject relatedto the studyof BL LacertaeObjects(BLOs) conductedthe
previoussummer(P. Johansson's Bachelor's Thesisin 2001). Our main interestlies in theIntermediateBLOs
(IBL) andHigh-PeakedBLOs(HBL).

Thetwo mainBLO subclasses,theradio-selectedBLOsandtheX-ray-selectedBLOs(¼ HBLs), areaproduct
of differentdiscovery techniques.Currentlyit is not known whetherthesetwo classesof objectsaretwo ex-
tremesof theBLOs, theobservedpropertiesof which arede£nedby the jet orientation,or whetherthey have
intrinsically differentproperties.Thenewly discoveredclassof IBLs seemsto consistof sourcesintermediate
to theradio-selectedandX-ray selectedsamples.It is still unclearwhetherthedetectionof the IBLs wasdue
to a selectioneffect whenproducingthe sample,or whetherthe samplerepresentsthe actualdistribution of
BLOs, showing a continuousdistribution of propertiesfrom theHBLs to theLBLs. If we studya full sample
of BLOs,we cangeta full understandingof thespectralenergy distribution of theBLOs,all theway from the
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radio-selectedto X-ray selectedBLOs,andwecanseeif thereis acontinuityfrom subsampleto subsampleand
if this£tswithin theframework of theuni£cationmodels.

We startedto observe a largesampleof IBLs andHBLs in themillimeter-domainwith theSEST(in August,
underextremelyunoptimalweatherconditions)andat 37 GHzwith theMetsähovi telescope.We will continue
theobservationsin 2002.

Identi£cationsfor SouthernEGRETsources

In 2001 we analysedour datafor the SouthernEGRET sourcesand candidates.We were able to con£rm
the identi£cationof several sourcesclassi£edas“possibleidenti£cationswith anAGN” in theThird EGRET
Catalog,andsuggesteda handfulof new AGN counterpartidenti£cationsfor previously unidienti£edEGRET
sources.Theresultswerepresentedat theGamma2001Symposiumin Baltimore,andM. Tornikoski wasalso
requestedto giveapresentationaboutourprojectat thepressconference.Wearein theprogressof completing
thepaperaboutthesouthernEGRETidenti£cationsandit will besubmittedin early2002.

Radioto gamma-rayconnectionin AGNs

Wealsocontinuedto studytherelationshipof high frequency radioemissionandEGRETgamma-rayemission
betweendifferentkindsof AGNs. We foundaninterestingconnectionbetweenthemodeledsynchrotronpeak
frequency andtheradioproperties.Thegamma-rayandradioemissionbehavior of AGNsmayactuallydepend
on thesourcetype(LPQ, HPQ,BLO, ...) andtheshapeof theSED(i.e. the locationof thesynhrotronpeak).
Thepaperwill besubmittedin early2002.

2.3 Planck Science

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

ThePlancksatelliteis amissiondesignedto measurethecosmicmicrowavebackground(CMB) radiationof the
entiresky. In addition,it will observeall otherforegroundradiosourcesin thesky, includingextragalacticradio
sources(e.g.,quasarsandBL Lacobjects).Thesatellitelaunchis scheduledfor 2007but scienti£cpreparations
arealreadyunderway. Lotsof prelaunchinformationonextragalacticradiosourcesis requiredfor good-quality
CMB mapsfor cosmologicalstudies,andfor successfulexploitationof theforegrounddata.Our PlanckAGN
researchteamconsistsof Metsähovi RadioObservatoryandTuorlaObservatory(Universityof Turku).

Baselinecoreprogramme TheFirstGeneralPlanckMeetingonthescienti£cprogrammeof Planckwasheld
at ESTECin the Netherlandsin early 2001. The purposeof the meetingwasto review the preliminarycore
scienceabstractssubmittedin autumn2000. TheactualBaselinecoreprogrammeproposalswerepreparedin
spring2001(deadline28.5.2001).“The Astrophysicsof quasarsandBL Lacobjects”proposalwaswrittenand
submittedby A. Lähteenmäki.Theproposalwasacceptedby thePlanckScienceTeamasapartof theBaseline
coreprogrammein July. A signi£cantcontributionaidingthepreparationof threeotherLFI Extragalacticpoint
sourceproposalsandoneHFI-relatedproposalwasalsogivenby theMetsähovi/Tuorlateam(Phenomenology
of radiosources,Statisticalpropertiesof radiosources,ExtremeGPSandotherstronglyinverted-spectrumradio
sources,andFollow-upof unusualreal-timeandECSCobjectswith Herschel).

Working groups The structureof the Working Groupsresponsiblefor all work donefor the project was
modi£edafter the LFI ConsortiumMeetingin Eibsee,Germany, in October. A. Lähteenmäkiwasappointed
asthecoordinatorof theQuick time alarmWorking Groupandour teamhasmembersin severalothergroups
as well. Activities within the Extragalactic point sourceWorking groupshave beenof£cially kicked off in
December2001andareexpectedto speedup to full swingduringtheyear2002.

Quick time alarm system TheMetsähovi/Tuorla teamis responsiblefor thedevelopmentof thequick time
alarmsystem. The purposeof this systemis to detectunusuallybright objectsin the sky and trigger assi-
multaneousaspossiblefollow-up observationsfrom ground-basedobservatoriesandothersatellitesat various
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frequencies.For this purposewe recruitedM. Parviainento designthe systemandwrite software for it, in
cooperationwith oneof theDataProcessingCentres(DPC),locatedin Trieste,Italy.

To £nd out aboutthe latestdevelopmentsin dataand imageprocessingtechniques,A. LähteenmäkiandM.
Parviainentook part in thePlanckWorkshopon ImageProcessingin Pisa,Italy, in July. TheQuick time alarm
Working Groupstartedpreliminarydiscussionsalreadyafter theESTECmeeting,andit hasbeenagreedthat
Mr. Parviainenwill startworkingon theprojectfull timeaftergraduationin early2002.

Ancillary observations & Modeling Two new observingprojectswerelaunchedin 2001by our team.First,
to observe a sampleof intermediateBL Lac objects,and secondly, to observe a sampleof GPScandidate
sources.Theobservationsarebeingcarriedout with threehigh frequency radio telescopes:Metsähovi, SEST
andIRAM. Observationsof faint ¤at-spectrumsourceswill begin in thenearfuture. We have recentlyextab-
lishedcooperationwith otherobservatoriesaswell, e.g.,theRATAN-600telescope.Wecontinueourtheoretical
work & modelingof activegalacticnucleifor thePlanckproject,in cooperationwith OsservatorioAstronomico
in Padova, Italy.

Academyof Finland andNational TechnologyAgencyresearchprogrammefor spaceresearch (ANTARES)
TheMetsähovi Planckresearchteamwasgrantedfundingfor years2001- 2004from theAcademyof Finland
andNationalTechnologyAgency researchprogrammefor spaceresearch(ANTARES) in collaborationwith
teamsfrom Millilab, Universityof Helsinki, andUniversityof Turku. Togethertheseteamsform theFinnish
PlanckSurveyor Consortium. The funding hasenabledus to increasethe numberof peopleworking on the
project(observations,theoreticalwork, andsoftwaredevelopment)andthereforealsoincreaseour of£cial in-
volvementin thePlancksatelliteprojectin theyear2001.

Homepage Our team's Planckhomepagewaslaunchedin autumn2001athttp://kurp.hut.£/quasar/planck/.

2.4 Observationswith Other Facilities

SEST: 24.-28.8. Projects:“Millimeter domainobservationsof intermediateandhigh-energy peaked BL Lac
objects” and “High-peaked GPSsourcesand candidates”.P.I. M. Tornikoski, Observers: M. Tornikoski, I.
Jussila

VLBA: 12.5.,14.5.Project:“New highpeakedGPSsources”(K. Wiik, M. Tornikoski,E.Valtaoja,T. Savolainen)

VLBA: 11.-12.9.Project:“PKS 0521-365”(S.Tingay, P. G. Edwards,J.E.Reynolds,M. Tornikoski)

HALCA: 7.-8.9., Project “Two-epoch5 GHZ observationsof PKS0506-612and PKS0522-610”,P.I. P. G.
Edwards,Co-I M. Tornikoski.

HALCA: 11.-12.9.,Project“Dual-frequency VSOPobservationsof PKS0521-365”,P.I. S. J. Tingay, Co-I M.
Tornikoski.

“III ZW 2, asuperluminaljet in aspiralgalaxy”, P.I. H. Falcke,CO-I H. Teräsranta.Monthly observationswith
theVLA duringtheyear2001.

Observationsof 4C38.41with VLA andVLBA, P.I. T.P. Krichbaum,CO-I H. Teräsranta.

2.5 VLBI Research

ResearchGroupatMetsähovi: Urpo, Könönen,Liljeström,Mujunen,Ritakari
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2.5.1 VLBI Observational Activities

ProjectTeam:Urpo, Könönen,Mujunen,Ritakari

FieldSystemUpdates

In SeptemberAri Mujunenspenttwo weeksin GoddardSpaceFlight Centerin orderto developanew standard
kernel,so-called“FS Linux 4” to accommodatemoremodernavailablePChardware.Thenew kernelis based
onLinux kernel2.2.19.

ThenewestFSrelease,9.5.1,wasinstalledatMetsähovi in October, justbeforeaCMVA session.TheFS9.5.x
versionsincludesupportfor recordingwith two headstacks. This hasbeena wantedfeaturesincedoubling
thenumberof headstacksdoublesthemaximaldatarate(to 512Mbits/sec)which increasesthesensitivity of
observations.

Geo-VLBI Project

Theplansto startgeodeticVLBI observationsat Metsähovi areslowly advancingastheneighbouringFinnish
GeodeticObservatory'sprojectbudgetis clearing.In orderto haveafull setof 14BBCsatMetsähovi, Geodetic
Observatoryorderedsix new BBCsfrom Signatronin 2000. Signatron's £rstestimatefor thedelivery wassix
months,so theorderis badlydelayed.By the endof the summerGeodeticObservatory orderedfrom Yebes,
Spain,a S/X receiver andinstructionsfor building a biggersecondarymirror for SX observations. Basically
Metsähovi shouldbeableto startgeodeticVLBI observationswithin two years.

ICN - InfrastructureCooperationNetwork in RadioAstronomy

Metsähovi participatesasa principalmemberin theprogramme“InfrastructureCooperationNetwork in Radio
Astronomy- Radionet”(contractno: HPRI-CT-1999-40003).Theprogrammeactivities includedevelopment
of sustainedreliableoperationsin EVN anddevelopmentof ALMA andSKA radioarrays.Jouko Ritakariand
Ari MujunenrepresentMetsähovi in theprogramme.

New MasersandNew MaserRoom

Metsähovi will gettwo new RussianKvartzH masersby the£rsthalf of theyear2002asapartof Russia'splan
to payoff someof it' sdebtto Finlandby supplyingscienti£cequipmentsandknow-how.

The regularly inoperative ventilationsystemof theold maserroomcausedEFOS-9Maserinstabilities. Also,
theold roomwastoosmallfor severalapparatus.

Thereforea decisionwas madeto build a completelynew isolated,ventilatedmasercellar just outsidethe
observatorybuilding. Themajorconstructionwork for thecellarwas£nishedin theendof theDecember.

During the constructionwork the EFOS-9Maserstayedin a temporarylocation, in a separateroom, at the
Observatory. Thestabilityof themaserdid not suffer signi£cantlyfrom themove.

New StationCoordinates

Dr. D. Grahamfrom Bonncalculatedmoreaccuratestationcoordinatesfor Metsähovi on thebasisof 43 GHz
and150GHz VLBI observations.Thenew ITRF2000coordinatesof Metsähovi (2892583.770,1311715.590,
5512630.070)wereupdatedto severaldifferentdatabases(Bonncorrelator, JIVE correlator, NRAO correlator,
NRAO Sched,GeodeticalStations).

Next GenerationVLBI Project

Jouko RitakariandAri Mujunenfrom Metsähovi RadioObservatoryhave actively developedNext Generation
(NG) VLBI conceptsandtechniques.Thiswork is moreprofoundlydescribedin aseparatechapter. Regarding
to the NG-VLBI projectJouko Ritakari andAri MujunenparticipatedSchipholMK5 meetingin Augustand
Steve Parsley andSergeiPogrebenko from JIVE visitedMetsähovi in 5.-6.11.2001.

Severaldocumentson theprojectcanbefoundat thewebaddress“http://kurp-www.hut.£”.
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Receivers

The 43 GHz receiver's broken RCP HEMT ampli£erwas replacedin October. After that the receiver was
installedon the receiver bedthat wasneatlycoveredwith perspex andtaken to Metsähovi' s standon Finnish
Space2001Expo. Thepublic foundtheopenedreceiver very interesting.Thereceiver still hasto betestedat
20K.

The86GHzreceiverneededto berepairedjustbeforetheOctoberCMVA experimentdueto asuddencollapse
of the cold referencelense's isolationsheet.The collapsedmylar piecewasreplacedbut it did not last. The
workingsolutionwasto completelyremove theisolationsheetandtightenup theglasslensinstead.

Metsähovi hasorderedanew 80-150GHzSISreceiver from Nizhny Novgorod.Russiawill payoff someof it' s
debtto Finlandby supplyingscienti£cequipmentsandknow-how. Thereceiver andtwo new maserswill bea
smallpartof the£nancialagreement.

SecondHeadInstallation

Theaim of EVN wasto establish2-head512Mbit/secrecordingasa standardEVN modein 2001.By theend
of theyear(after the£rst try anda correctedSchedbug) the recordingquality at moststationsusing2-heads
wasfoundgoodand£rstimagesof 2-headcorrelateddatawereproduced.

CMVA also tested2-headrecordingin Octoberusing the datafrom Effelsberg, Pico Veleta,Haystackand
Onsala.(More aboutthesessionat thewebaddress“http://www.mpifr-bonn.mpg.de/EVN/512CMVA.html”.)
Metsähovi participatedto thissessionbut with oneheadonly.

Sincetherewereno high frequency EVN sessionswith two headsandsinceextremelysmall VLBI groupof
Metsähovi washeavily occupiedwith variousotherprojects,it wasdecidedin agreementwith EVN andCMVA
peoplethattheinstallationandtestingof thesecondheadstackatMetsähovi wouldbeuntil year2002.

EVN andCMVA Sessionsin 2001

In JanuaryMetsähovi participatedin JIVE recordingtest.Thetestresultsshowedthatespeciallytherecording
quality of uppertrackswaspoor. Part of the reasonwasmost likely thin/thick tapeswitching. To improve
recordingquality thewriting headwaspre-contouredwith anabrasive tapeat high (40humidityusingthevac-
uumof 28inchesof waterandtherecordingwith thick tapeswasdonehereafterusingalwaysthishighpressure.

Metsähovi missedoneday EVN 22 GHz sessionin the beginning of March. The reasonswereboth the lack
of thin tapesfor the session(having not received supplementsin time) and an overlapping150 GHz VLBI
experiment.

The joint 2 mm VLBI experimentwasorganizedwith PicoVeleta(Spain)andSEST(Chile). Metsähovi bor-
rowedanold He-cooled150GHzSISreceiveranda150GHznoisegeneratorfrom PV for thatpurpose.During
thesetupof thereceiver two engineervisits from Spainwererequired.Also themainorganiserof theexperi-
ment,Albert Greve from IRAM-France,visitedMetsähovi in Marchbeforethe£rstsession.Dueto theweaker
¤ux of thesourcesat higherfrequenciesstationde£nedon-off pointingprocedureswereaddedto FS.Also the
antenna's maximumelevation waslimited to 35 degreesdueto elevation restictionsof the 150 GHz receiver.
Thereweretwo two daysessions;onein March(ME-PV) andanotheronein April (MH-PV-SEST).During the
sessionstheweatherconditionswerevariable;moderate0 C-deg atMH, wetatSESTandgoodatPV. Thedata
werecorrelatedatBonn.Theobservationsfocusedonthestrongestsources,i.e. 3C279and3C273,whichwere
detectedon thebaselineMH-PV. Weaker sourceswereundetectable.ThebaselinesMH-SESTandPV-SEST
did not causefringes. More abouttheexperimentat thewebaddress“http://iram.fr/ARN/aug01/aug01.html”.
Theexperimentwill berepeatedin spring2002.

In OctoberMetsähovi participateda£ve day3 mmCMVA-session.During thesessiontheweatherwasmostly
rainy andtherewerereceiverandBBC problems.Thereceiverneededto berepairedjustbeforetheexperiment
dueto a collaptionof the cold referencelense's isolationsheet. By thenthe sessionhadalreadystartedand
during the £rst 10 hrs of the experimentpurenoisewasrecorded.A WVR experimentwascombinedto the
session.For that reasonwe weresupposedto monitor IF distributor valuesduring the lastpartof thesession.
As the receiver would have neededmoreattenuationafter it had£nally completelycooledthesevalueswere
over¤own. Also the “manualTsyscalculation” (which is obligatory as the 86 Ghz receiver doesnot have a
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calibrationdiode)sufferedfrom thiseffect.

Therewassometroublewith BBCs.Changingtheir locationsandaddinganextraplateto directtheventilation
helpedlittle but yet two out of eightBBCsstayedunlockedandtwo othercomplainedabout1PPS.TheBBCs
have functionedduringtestssoanimprovedventilationcouldhelp.Thenew fanswill beinstalledin 2002.

2.5.2 VLBI Science

ProjectTeam:Wiik (Turku)

A paperdescribing22 GHz VLBI observationsanddataanalysisof 15 bright Active GalacticNuclei (AGN)
waspublished.Submilliarcsecondresolutionimagesof sourceswereincluded.Observationscoverthreeepochs
duringyears1992-1996.This studycoversall thesourcesfrom thecomplete2 Jy catalogof Valtaojaet al. that
werenotobservedat22GHzbeforethe£rstepoch.Thesecondpartof thepaperwill bepublishedlater. It will
focuson theanalysisof images.

2.6 Solar Research

ResearchGroupatMetsähovi: Urpo, Koistinen,Puhakka

2.6.1 Solar Observing Campaigns

ProjectTeam:Urpo

Solar observationscontinuedat Metsähovi in 2001. Receivers working at 37 GHz and 87 GHz were used.
Numberof observingdayswas45. More than100solarradiationmapsweremeasuredandactive regionswere
trackedfor about200hoursin orderto detectenergy burstandreleasesat radiowaves. Only few eventswere
detected.Analysisof measureddatacontinuedin internationalcooperation.

2.6.2 Solar Data Analysis

ProjectTeam:Urpo, Puhakka

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

2.6.3 SpaceWeatherObservation at 11:7GHz

ProjectTeam:Urpo, Puhakka,Oinaskallio

Sun antennais dedicatedfor continuoussolar observationswhile the main telescopecould be usedfor that
purposeonly few weeksannually. Operationof the instrumentstartedin August2000. Radioeventsstarting
from few SolarFlux Unitsupto approximately400SFUcanberecorded.Logarithmicchannelwill increasethe
dynamicalrangefrom thatessentially. All togetherover200eventsduring2001wereobservedandfew of them
simultaneouslywith 37GHzreceiver of themaintelescope.ReadmoreabouttheSunantennain chapter2.1.5.
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Figure7: The mostpowerful event observed by the Sunantennauntil the endof 2001wasthis onefrom the
activeregionnumber9632.Thelinearchannelwassaturatedalmostfor onehourwhile thelogarithmicampli£er
still offersa possibility to investigatethe£nestructureof thehighest¤uxes. Accordingto NOAA solarevents
databaseover20000SFU:swereobservedaround10GHzregion. Pre-burstquietSunlevel is substractedfrom
thegraph.

2.7 Radio Spectroscopy

ResearchGroup:Liljeström, Urpo

2.7.1 Water Masers

ProjectTeam:Liljeström, Gwinn (Univ. of California)

TheMetsähovi radiotelescopehasbeenusedfor long-termwatermaserobservationsat 22 GHz. Watermaser
observationscommonlyshow dramaticvariationsin ¤ux densityasa functionof time. Suchshort-lived (typ-
ically some2 months),dramaticincreasesin ¤ux densityaretermed“outbursts”. Combiningthe Metsähovi
22 GHz databaseof some150 maseroutburstsof W49N (Liljeström 2000)with simultaneousVLBI dataof
Gwinn(Universityof CaliforniaSantaBarbara),notablyobtainedwith thesamevelocity resolution,Liljeström
andGwinn (2000)wereableto £x the free parametersin the shockmodelof HollenbachandMcKee(1979,
1989)andthemasermodelof Elitzur, HollenbachandMcKee(1989).This enableda straightforwarddetermi-
nationof some20 physical parametersof W49N. We checked the validity of thesemodelswith independent
measurementsandfoundaverygoodagreementbetweenpredictionsandobservations.

The analysesof watermaserswerecontinuedin 2001concentratingon the problemhow to extract magnetic
propertiesof densemasingregions. The dataclearly showed that the observed velocity ¤uctuationof a line
peakduringmaseroutburstsis nonthermalandcorrelateswith Alfv enicpressure(aslong asthewave pressure
is nonshocking).Thefact thatAlfv enicwave ¤uctuationsareorientedperpendicularto the£eld linesenabled
us to estimatethe inclination angleof the mean£eld to the line of sight from the observed shifts in Doppler
velocity of outburstfeatures.Thepostshock£eldstrengthsweredeterminedfrom space/shockvelocitiesof the
maserfeatures(measuredby VLBI).
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Figure8: This event from the active region number9628wasobserved simultaneouslywith the Sunantenna
andthemaintelescope.Pre-burstquietSunlevel is substractedfrom thegraph.

Figure9: Graphfrom themaintelescopedatashows inverseamplitudesbetweentwo peakswhencomparedto
thedataof theSunantennain picture8. Pre-burstquietlevel is substractedfrom thegraph.

2.7.2 SpectroscopicSpaceResearch with the Submillimetr eWave SatelliteOdin

ProjectTeam:Liljeström

ODIN is aSwedishsatelliteprojectwith internationalparticipationfrom Canada,FinlandandFrance.Themost
importantspectrallinesto beobservedin a varietyof astrophysicalenvironmentsaretheH2O line at 557GHz
andtheO2 line at119GHzand487GHz. Thesatellitewassuccessfullylaunchedin February2001.
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Figure 10: Solar map measuredin 37GHz with the main telescope. Active region number9628 is easily
recognizedfrom thebottompartof theSun's disk (LocationS16W03).

Figure11: Multi frequency spectrumcomposedwith the datafrom NOAA database,Metsähovi observations
(11.7GHzand37GHz)andobservationsof CrimeanAstrophysicalObservatory(2.5GHzand2.85GHz).

Thescienti£cwork of theODIN astronomygrouphasbeensplit into 17projectteams,of whichLiljeströmand
J.Black aretheleadersof two scienti£cteams:(1) PhotonDominatedRegionsand(2) High-LatitudeClouds.
Besidesthesetwo PI-investigatorresponsibilities,Liljeströmhasaco-investigatorstatusin thefollowing ODIN
teams:(1) GalacticCentre,(2) GiantMolecularClouds,(3) StarFormingRegions,(4) ShocksandOut¤ows,
and(5) AbsorptionLines.

Thethermalwaterline at 557GHz is easilydetectedin photondominatedregions. Figure12 shows theOdin
waterspectrumtowardS140.
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Figure12: Thethermalwaterline at557GHz towardS140asmeasuredwith theODIN satellite.

2.8 Space2001-exhibition

The(amateur)astronomicalassociationUrsaarrangeda largeexhibition aboutspaceresearchin Kaapelitehdas,
2.-4.11.Most Finnishinstitutesandcompanieswith spaceresearchactivities hadtheir standin theexhibition,
andin additionto themtherewasan ESA standandseveral modelsatellites/launchersin the exhibition, and
alsotwo ESAastronautswerepresent.

Metsähovi RadioObservatoryhadastandfeaturingourresearchactivities,andmostof theMetsähovi scientists
took turnseducatingthe public aboutradio astronomyandthe Metsähovi researchprojects. The Metsähovi
standfeatured:the small Finnish¤agthat hadbeenonboardthe SpaceShuttleDiscovery during the mission
STS-91in June1998,thehigh-frequency endof the43 GHZ VLBI receiver, a PowerPointpresentationabout
Metsähovi researchtopics,an internetterminalwith an accessto the Metsähovi web pages,a VLBI tapeand
explanationaryposteraboutthe VLBI technology, andseveral postersaboutthe various£eldsof researchin
which theMetsähovi scientistsparticipate.

Theexhibition wasa greatsuccess,with ca. 25000visitorsover thethreedays' time. Therewasa lot of traf£c
at theMetsähovi standbecausetheradioastronomicalreceiver, theVLBI tapeandthe“¤agthathadbeenin the
space”attracteda lot of interest.
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Figure13: Metsähovi standat theSpace2001exhibition.
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pp. 756-769,2001.

4 Brajsa,R., Ruzdjak,V., Vrsnak,B., Wöhl, H., Pohjolainen,S.,Urpo, S.: On therigid componentin the
solarrotation.AstrophysicsandSpaceScienceLibrary, Vol. 259,pp. 263-266,2001.

5 Tornikoski, M., Jussila,I., Johansson,P., Lainela, M., Valtaoja,E.: Radio spectraand variability of
gigahertz-peakedspectrumradiosourcesandcandidates.TheAstronomicalJournal, Vol. 121,pp. 1306-
1318,2001.

6 Mattox,J.R.,Hallum,J.C.,Marscher, A.P., Marchenko-Jorstad,S.,Waltman,E.B.,Teräsranta,H., Aller,
H.D., Aller, M.F.: A gamma-ray¤areof quasarCTA 26. The AstrophysicalJournal, Vol. 549, pp.
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906-914,2001.

7 Riehokainen,A., Urpo, S., Valtaoja,E., Makarov, V.I., Makarova, L.V., Tlatov, A.G.: Millimeter-radio,
SOHO/EIT171Å featuresandthepolarfaculaein polarzonesof theSun.AstronomyandAstrophysics,
Vol. 366,pp. 676-685,2001.

8 Teräsranta,H., Urpo,S.,Wiren,S.,Valtonen,M.: Searchfor new ¤at-spectrumradiosources.Astronomy
andAstrophysics, Vol. 368,pp. 431-439,2001.

9 Wehrle,A.E., Piner, B.G.,Unwin, S.C.,Zook,A.C., Xu, W., Marscher, A.P., Teräsranta,H., Valtaoja,E.:
Kinematicsof theparsec-scalerelativistic jet in quasar3C 279: 1991-1997.TheAstrophysicalJournal
SupplementSeries, Vol. 133,pp. 297-320,2001.

10 Raiteri,C.M., Villata, M., Aller, H.D., Aller, M.F., Heidt,J.,Kurtanidze,O.M., Lanteri,L., Maesano,M.,
Massaro,E., Montagni,F., Nesci,R., Nilsson,K., Nikolashvili, M.G., Nurmi, P., Ostorero,L., Pursimo,
T., Rekola,R., Sillanpää,A., Takalo,L.O., Teräsranta,H., Tosti,G., Balonek,T.J.,Feldt,M., Heines,A.,
Heisler, C., Hu, J.,Kidger, M., Mattox, J.R.,McGrath,E.J.,Pati, A., Robb,R., Sadun,A.C., Shastri,P.,
Wagner, S.J.,Wei, J., Wu, X.: Optical andradiovariability of the BL LacertaeobjectAO 0235+16:A
possible5-6yearperiodicity. AstronomyandAstrophysics, Vol. 396,pp. 396-412,2001.

11 Wiik, K., Valtaoja,E., Leppänen,K.: VLBI monitoringof a sampleof 15 AGN at 22 GHz. Astronomy
andAstrophysics, Vol. 380,pp. 72-80,2001.

12 Marscher, A.P., Jorstad,S.G.,Gómez,L., Aller, M.F., Teräsranta,H.: Superluminalejectionsfollowing
X-ray dipsin theradiogalaxy3C120,Nature, submitted,2001.

13 Zaitsev, V.V., Kislyakov, A.G.,Urpo,S.,Stepanov, A.V., Shkelev, E.I.: TheWigner-Ville analysisof solar
microwave emission.AstronomyandAstrophysics, submitted,2001.

14 Liljeström,T.:, Gwinn,C.: WaterMasersProbingMagneticPressureandAlfvénic Turbulencein W49N.
TheAstrophysicalJournal, submitted,2001.

3.2 Inter national Conferences

1 Liljeström, T., Gwinn, C.: Inversionof WaterMaserObservationsto ShockPhysics. Sciencewith the
AtacamaLargeMillimeter Array, ed. A. Wootten,Carnegie Institutionof Washington,WashingtonD.C.
6-8.10.1999,Astron. Soc.of thePaci£c's ConferenceSeries, Vol. 235,pp. 32-35,2001.

2 Kangaslahti,P., Gaier, T., Dawson,D., Tuovinen, J., Karttaavi, T., Hughes,N.J., Cong,T.L., Sjöman,
P., Weinreb,S.: Low NoiseAmpli£ersin INP Technologyfor PseudoCorrelatingMillimeter Wave Ra-
diometer. IEEE InternationalMicrowave Symposium,PhoenixArizona,20-25.5.2001,SpecialSympo-
siumIssueof theIEEETransactionsonMicrowaveTheoryandTechniques, 2001.

3 Liljeström,T., Gwinn,C.R.: Time Variationsof WaterMasers.Proceedingsof IAU SymposiumNo. 206:
CosmicMasers: from Protostars to Black Holes, Rio de Janeiro5-10.3.2001,eds. V. MigenesandE.
Lüdke,8 p.,inpress,2001.

4 Liljeström, T., Winnberg, A., Booth,R.: First Detectionof VibrationallyExited Protostarstoward Em-
beddedYoungStellarobjects.Proceedingsof IAU SymposiumNo. 206: CosmicMasers: fromProtostars
to Black Holes, Rio deJaneiro5-10.3.2001,eds.V. MigenesandE. Lüdke,4 p.,inpress,2001.

5 Liljeström, T., Winnberg, A., Booth,R.: New Detectionsof 321 GHz WaterMaserstoward Late-Type
Stars.Proceedingsof IAU SymposiumNo. 206: CosmicMasers: fromProtostars to Black Holes, Rio de
Janeiro5-10.3.2001,eds.V. MigenesandE. Lüdke,4 p., in press,2001.

6 Tornikoski, M., Lähteenmäki,A., Lainela,M., Valtaoja,E.: Possiblenew identi£cationsfor southern
EGRETsources.Proceedingsof theGamma2001Symposium, Baltimore,USA 3-9.4.2001,5 p., 2001.

7 Lähteenmäki,A., Valtaoja,E.: Theeffect of theSEDshapeon thegamma-rayvs. radioemissiondepen-
dencein AGNs.Proceedingsof theGamma2001Symposium, Baltimore,USA 3-9.4.2001,3 p., 2001.
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8 Böttcher, M., Aller, H.D., Aller, M.F., Mang,O., Raiteri,C.M., Ravasio,M., Tagliaferri,G., Teräsranta,
H., Villata,M., etal.: Multiwavelengthspectraandvariability of BL Lacertaein 2000.WorkshoponX-ray
spectroscopyof activegalactic nuclei with Chandra and XMM-Newton, München-Garching,Germany,
2001.

9 Teräsranta,H.: Groundsupportfor thegamma-rayobservatoriesby monitoringthe200strongestAGN
at 22 and37 GHz. Maxi Workshopon AGN variability, The Nikko KanayoHotel, Tochiyi, Japan,10-
11.3.2001.

10 Valtaoja,E., Savolainen,T., Wiik, K., Lähteenmäki,A.: Millimeter continuumvariations,VLBI struc-
ture, andgamma-rays:investigating shocked jet physics,AGN Variability Acrossthe Electromagnetic
Spectrum, Sydney, Australia,June2001.

11 Teräsranta,H.: Multiwavelengthspectraandvariability of BL Lacertaein 2000. Blazars Astrophysics
with BepposaxandOtherObservations, Frascati,Italy, 10-11.12.2001.

3.3 Laboratory Reports

1 Urpo,S.,Mujunen,A. (editors):Metsähovi RadioObservatoryAnnualReport2000.Metsähovi Reports
HUT-KURP-22, 37p., 2001.

2 Sjöman,P., Hughes,N.: Plancktechnology70 GHz DemonstratorTestReport.Metsähovi Publications
onRadioScienceHUT-MET-33, 26p., 2001.

3 Liljeström,T., Gwinn,C.R.: WatermasersprobingmagneticpressureandAlfvénic turbulencein W49N.
Metsähovi PublicationsonRadioScienceHUT-MET-34, 30p., 2001.

4 Liljeström, T.: Radiospectroscopicstudieson cosmicwatermasers.Metsähovi Publicationson Radio
ScienceHUT-MET-35, 147p., 2001.

5 Zaitsev, V.V., Kislyakov, A.G., Urpo, S., Stepanov, A.V., Shkelev, E.I.: Low-Frequency Modulationsin
SolarMillimeter Wave Bursts.Metsähovi PublicationsonRadioScienceHUT-MET-36, 18p., 2001.

3.4 Other Publications

1 Ritakari,J.: Cost-EffectiveNext GenerationCorrelator. http://kurp-www.hut.£/vlbi/instr/Correlator.html,
2001.

2 Ritakari,J.: Next GenerationVLBI Station.http://kurp-www.hut.£/vlbi/instr/NextGenDAR.html, 2001.

3 Ritakari,J.:Trueoff-the-shelfMark 5. http://kurp.hut.£/vlbi/instr/, 2001.

4 Mujunen,A.: TheSustainedDiskStreamingPerformanceof COTSLinux PCs.http://kurp-www.hut.£/vlbi/instr/pcwr.html,
2001.

5 Riou,M.: Reportof my trainingcourse.16p., 2001.

6 Harju,J.,Liljeström,T., Mattila, K.: Odinin tähtitiedeohjelmassaetsitäänvettäja happea,Avaruusuutiset
2, pp. 12-13,2001.

4 Visits to Foreign Institutes

Visit to the VIRAC radio telescopein Latvia, in conjuctionwith the 2001Nordic-Baltic SummerSchoolin
RadioAstronomy, 26.7.2001,M. Tornikoski

Observationsat theSESTtelescope24.-28.8.2001,M. Tornikoski, I. Jussila.
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Visit to NASA GoddardSpaceFlight Center(GSFC),Baltimore,Maryland,USA; developmenton FSLinux 4
operatingsystemdistribution,12.8.–23.8.2001,A. Mujunen.

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

5 Visiting Scientists

Dr. GöranOlofsson,StockholmObservatory, Ruotsi
Dr. Albert Greve, InstitutdeRadioAstronomieMillimetrique, Ranska
DaveJohn,InstitutodeRadioAstronomia,Spain
Dr. Igor Zinchenko, RussianAcademyof Science,Instituteof AppliedPhysics,Russia
Dr. Vyacheslav Vdovin, RussianAcademyof Science,Instituteof AppliedPhysics,Russia
Dr. Igor Lapkin,RussianAcademyof Science,Instituteof AppliedPhysics,Russia
Dr. AlexanderShtanyuk, RussianAcademyof Science,Instituteof AppliedPhysics,Russia
Dr. A.G. Kislyakov, CentralAstronomicObservatory, Russia
Dr. V.V. Zaitsev, RussianAcademyof Science,Instituteof AppliedPhysics,Russia
Dr. PolinaYavorovskaya,RussianAcademyof Science,Instituteof AppliedPhysics,Russia
Dr. Vladimir Bogod,SpecialAstrophysicalObservatory, Russia

6 Thesis

Thesisfor thedegreeof Doctorof Philosophy:

TarjaLiljeström: Radiospectroscopicstudiesoncosmicwatermasers.

7 Teaching

ThePost-graduateseminaron SpaceTechnologyII, Spring2001: “Radio Astronomy:New Challengesfor the
New Millennium”, weeklylectures/ M. Tornikoski,A. Lähteenmäki

The2001Nordic-BalticSummerSchoolin RadioAstronomy, Ventspils,Latvia, 25.-29.7.,Two lectures:“In-
troductionto Active GalacticNuclei” and“RadioObservationsof Active GalacticNuclei” / M. Tornikoski

Lectureto theastronomyspecialitygroupof theAnttila JuniorHigh School:radioastronomicalresearch,recent
developmentsin astronomy, andthework of anastronomer, 20.11.,M. Tornikoski

Supervisorfor IlonaJussila'sMaster'sThesis/ M. Tornikoski

GeneralMetsähovi toursandshorttalksaboutradioastronomicalresearchto visiting groups:M. Tornikoski,P.
Könönen,S.Urpo,P. Könönen,H. Teräsranta,J.Peltonen.

8 Other Activities

Refereefor SolarPhysics,S.Urpo

Memberof a working group for nominationof a professorshipto spacetechnology, Helsinki University of
Technology, S.Urpo
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8.1 Participation in Boardsand Committees

Boardmemberof theFinnishAstronomicalSociety, 2000-2001,M. Tornikoski.

Memberof theScienti£cOrganizingCommitteeof the2001Nordic-BalticSummerSchoolin RadioAstronomy
/ M. Tornikoski

Memberof thesteeringcommitteeof theANTARESSpaceResearchProgram,M. Tornikoski

URSIComissionJ (Radioastronomy)delegate/ M. Tornikoski

AAS, AmericanAstronomicalSociety, memberS.Urpo.

AMS, TekesGuidingGroup,memberS.Urpo.

Planck,TekesSteeringGroup,member, S.Urpo.

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

COSPAR, CommissionE2,SolarPhysics,memberS.Urpo.

EAS,EuropeanAstronomicalSociety, foundingmemberS.Urpo.

ESA,EuropeanSpaceAgency, SPCScienceProgrammeCommitteedelegateS.Urpo.

EVN, EuropeanVLBI Network Boardof Directors,memberS.Urpo.

HvarObservatoryBulletin, Boardof EditorsS.Urpo.

IAG, associatememberS.Urpo.

IAU, FinnishNationalCommittee,memberS.Urpo.

RISC,RadioastronInternationalScienceCommittee,memberS.Urpo.

TuorlaObservatory, vicememberof theBoardS.Urpo.

URSI,FinnishNationalCommittee,vicememberS.Urpo.

WorkingGroupfor Finnish-RussianCooperationin SpaceField,memberS.Urpo.

8.2 Inter national Meetingsand Talks

IAU Symposium206, Cosmicmasers:from protostarsto black holes,5-11.3.2001,Angra dosReis,Rio de
Janeiro,Brasil, invited talk: Timevariationsof watermasers,T. Liljeström.

IAU Symposium206, Cosmicmasers:from protostarsto black holes,5-11.3.2001,Angra dosReis,Rio de
Janeiro,Brasil, poster: First detectionof vibrationally excited watermaserstoward embeddedyoungstellar
objects,T. Liljeström.

IAU Symposium206, Cosmicmasers:from protostarsto black holes,5-11.3.2001,Angra dosReis,Rio de
Janeiro,Brasil, poster: New detectionsof submillimeterwatermasersat 321 GHz toward late-typestars,T.
Liljeström.

Maxi workshopon AGN variability, 10-11.3.2001,Nikki, Japan,talk: Groundsupportfor theg-ray observato-
riesby monitoringthe200strongest¤at-spectrumAGN at22and37GHz,H. Teräsranta.

Blazarastrophysicswith BebboSaxandotherobservatories,10-11.12.2001,Frascati,Italy, H. Teräsranta

Gamma-rayastrophysics2001Symposium,BaltimoreMaryland4-6.4.2001,Poster“PossibleNew Identi£ca-
tionsfor SouthernEGRETSources”+ Presentationat thepressconference/ M. Tornikoski
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PlanckLFI Consortiummeeting17.-19.10.2001,Eibseee,Germany M. Tornikoski,A. Lähteenmäki,M. Parvi-
ainen.

TheScienti£cProgrammeof Planck,First GeneralMeeting,30.1– 2.2.2001,ESTECNoordwijk, TheNether-
lands,A. Lähteenmäki,M. Tornikoski,S.Urpo

Gamma2001,Gamma-RayAstrophysics2001,4 – 6.4.2001,Baltimore,Maryland,USA. Poster:Theeffectof
theSEDshapeon thegamma-rayvs. radioemissiondependencein AGNs,A. LähteenmäkiPoster:Possible
new identi£cationsfor southernEGRETsources,M. Tornikoski,A. Lähteenmäki

PlanckWorkshopon ImageProcessing,4 – 6.7.2001,Pisa,Italy, A. Lähteenmäki,M. Parviainen

ESA/SPCMeeting26-27.2.2001,Paris,France,S.Urpo

EVN DirectorsMeeting,3-6.5.2001,Torun,Poland,S.Urpo

EVN DirectorsMeeting,22-23.11.2001,Manchester, UK, S.Urpo

Odinworkshop,14-15.12.2001,Onsala,Sweden,T. Liljeström.

8.3 National Meetingsand Talks

Tutkas/Parlamentof Finland,talk: Finlandin mappingof themostremoteobjectsof theUniverse,4.4.2002,S.
Urpo

Thescienti£csocietyof NaturalPhilosophy, Houseof Sciences,Helsinki,invitedtalk: CosmicWater, 26.4.2001,
T. Liljeström.

Space2000Seminar, 22.5.2001,Innopoli,Espoo,s. Urpo

Spacestrategy meetingorganizedby theFinnishSpaceCommittee,19.10.2001,Spektri,Espoo,S.Urpo

Antaresfall seminar, Helsinki, 1.11.2001,S. Urpo, talk “Planck satelliteandthe foregroundseparation”,M.
Tornikoski

8.4 Participation in summerschools

2001Nordic-Baltic SummerSchoolin RadioAstronomy: RadioUniverse,Ventspils,Latvia, 15-28.7.2001,
IlonaJussila

IramSummerSchool2001,ObservingTechniquesandApplications,SierraNevada,Spain,14-21.9.2001,Ilona
Jussila

AstrometryandGeodesySummerSchoolin Bologna,17-28.9.2001,PrisseKönönen

8.5 Public Relations

Space2001exhibition, 2.-4.11.,Kaapelitehdas.Preparationfor theexhibition and/orshortpresentationsabout
theMetsähovi researchactivitiesat theMetsähovi RadioObservatory's stand:all theMetsähovi staff.

Pressconferenceof theFinnishPlanckSurveyor Consortium,3.4.2001,S.Urpo,Talk on theextragalacticand
galacticradiosourcesscience,A. Lähteenmäki

Severalnewspaperarticlesfollowing thepressconference.

Radiointerview aboutsolarradio¤aresandaurorallights,3.4.2001,S.Urpo
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9 Personnelin 2001

PermanentPositionsfunded by the Helsinki University of Technology

Urpo,Seppo,Prof.,Dr.Tech. Directorof theinstitute, Seppo.Urpo@hut.£
Docent

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

Jussila,Ilona,student Researchaid, full time1.6-31.8. ilo@kurp.hut.£
parttime1.1-31.5.,1.9-31.12.

Kahanpää,Henrik,student Researchaid,21.5-31.8.
Koistinen,Olli, Lic.Tech. Researcher, parttime Olli.Koistinen@hut.£
Kujala,Pasi,student, Researchaid,1.6-15.7.
Könönen,Prisse,student Researchaid prisse@kurp.hut.£
Liljeström,Tarja,Lic.Phil. Researcher, parttime Tarja.Liljestrom@hut.£
Lähteenmäki,Anne,Dr.Tech. Researcher alien@kurp.hut.£
Mujunen,Ari, Dipl.Eng. Researcher Ari.Mujunen@hut.£
Parviainen,Mikko, student, Researchaid, full time28.5-31.8.

parttime1.9-31.12. pare@kurp.hut.£
Puhakka,Pekka,student Researchaid,25.6-31.12. pvspuhak@kurp.hut.£
Ritakari,Jouko, Dipl.Eng. Researcher, parttime jr@kurp.hut.£
Rönnberg, Henry, Mr. Mechanic
Saarinen,Ville, student Researchaid, full time1.6-31.8. vss@kurp.hut.£

parttime1.4-31.5.
Sjöman,Pekka,Dipl.Eng Laboratoryengineer, psj@kurp.hut.£
Teräsranta,Harri, Dr.Tech. Researcher hte@kurp.hut.£
Tornikoski,Merja,Dr.Tech. SeniorFellow, Academyof Finland, Merja.Tornikoski@hut.£

Docentof spacetechnologyandradioastronomy
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 Analysis
of SolarMicrowaveEmission,2000.

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.
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