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1 Intr oduction

Metsähovi RadioObservatory, a separateresearchinstituteof the Helsinki University of Technologysince
May 1988,operatesa 14 m diameterradio telescopein Metsähovi, Kylmälä in Kirkkonummi,about35 km
westfrom theOtaniemiuniversitycampus.

Metsähovi is active in the following �elds: radio astronomicalresearchandspaceresearch,developmentof
instrumentsandmethodsfor radioastronomy, and(radio)astronomicaleducation.In 2004alsogeodeticVLBI
observationswerestartedin Metsähovi in collaborationwith theFinnishGeodeticInstitute.

Around 13 scientists,engineers,researchassistantsandsupportpersonnelwork at the observatory. Six of
the employeesarefundedby the Helsinki University of Technology, andthe othersby researchprojects�-
nancedmainlyby theAcademyof Finland.In 2004thetotalexpenditureof theMetsähovi RadioObservatory
wasabout685000euros,includingsalariesandthe rentof theof�ce andlaboratoryspaceat theMetsähovi
premises.Thiswas�nancedby HelsinkiUniversityof Technology(65%), Academyof Finland(25%), Euro-
peanUnion(6 %) andotheroutsidesources(4 %). Unfortunatelythefundingsituationhasbeengettingworse
during therecentyears,forcing us to cut backexpenditureon many items,includingbothscienti�c research
aswell asmaintenanceandtechnicaldevelopmentissues.

Year2004markedtheendof anerain Metsähovi: thelong-termdirectorof Metsähovi, professorSeppoUrpo,
retiredattheendof February, andDr. MerjaTornikoskiwasappointedtheactingdirector. SeppoUrponow has
a professoremeritusstatusandstill workson theMetsähovi Solardatabaseandoftenvisits theobservatory.
During his �rst weeksof retirementSeppoalsowrote the early history of Metsähovi (at the requestof the
presentstaff—we realizedthat Seppois the only personwho knows all the detailsandanecdotesrelatedto
the early history of Metsähovi). Thesememorandawerepublishedin the Metsähovi publicationseries(in
Finnish),andthey area vivid collectionof theeventful earlyhistory, endingat theMetsähovi “First Light”.
We aregratefulto Seppofor having spenthis long careermakingMetsähovi a top notchinternationallevel
radio astronomicalresearchinstitute,andwe arealsohappy that he wrote andpublishedthe early history,
which is bothinformativeandveryentertaining.

On April 6th 2004Metsähovi celebratedits 30th anniversary. We celebratedthis event, “30 Yearsof Radio
Astronomyin Finland” with colleagues,collaborators,andhigh-level guests,for examplefrom theMinistry
of Education. The programmeconsistedof a short presentationof Metsähovi' s recentdevelopmentsand
achievementsby Merja Tornikoski, cocktailsinsidetheradome,a tour of theMetsähovi premises,coffeeand
cake, andtalksaboutthehistoryof Metsähovi by the two formerdirectors,professorsemeritaeMartti Tiuri
andSeppoUrpo.
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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: Tornikoski, Peltonen,Mujunen,Oinaskallio,Ritakari,Rönnberg,Sjöman,Urpo

2.1.1 3 and 2 mm SISReceivers

Projectteam:Peltonen, Mujunen,Oinaskallio,Urpo

A new mm-wave SISreceiver for 3 and2 mm wavelengthsdesignedat Instituteof Applied Physics,Russian
Academyof Sciences,Nizhny Novgorod,Russia,wasdeliveredto Metsähovi in 2003. During 2004some
improvementsto the front end,theLO systemandIF processingunit wereperformedby the IAP personnel
togetherwith Metsähovi engineers.The receiver showed stability problemsof the IF output level on the
antennaasa functionof theelevationangle.These�uctuationswere�nally suppressedto anacceptablelevel
in orderto make VLBI observationspossible.Repairingor upgradingtheSISfront endis a very tediousjob
becausethe receiver alwaysneedsto warm up, the dewar mustbe opened,anda new cooling cycle started
(which takesabout12hours)aftertherepairoperation.

The dual channelSIS receiver was tunedfor a signal centerfrequency of 86.251GHz. For the front end
adjustmenttwo backshorts,bias voltagesfor the SIS junctionsandLO power levels for both mixers must
be remotelycontrolledfrom the control room with a computerin orderto achieve the bestsensitivity. The
averagenoisetemperatureatthissignalfrequency wasaround100K. Basicallythereexiststhreemaininherent
drawbacksin SISreceiverscomparedto oldSchottky mixerreceivers.TheLO poweris fedin anopenstructure
with lenses,mirrorsanda beamsplitterwhich re�ects only a fractionof theLO power to themixer andthe
mainpartis wastedto anabsorber. Evenasmallchangein thisenvironmentwill causeLO power level to vary
andthatwill directly affect theoutputIF level. Thebiasvoltagefor SISjunction is around5 mV (compared
to Schottky`s 700mV), thusany electricalinterferencefrom outsidecanhave anadverseeffect to theoutput
stability. Thethird drawbackis thattheSISreceiver front endcannotbetestedatall at roomtemperature.

The LO sourcefor the 3 mm receiver is an InP Gunnoscillator. Due to the fact that the output frequency
is a monotonicfunction of the biasvoltage,the phaselocking canbe accomplishedwith the adjustableDC
powersupply. Theoutputfrequency of theGunnoscillatormountcanberemotelyadjustedby acoarsetuning
micrometer, andin thesameway theoptimumoutputpower level setby a adjustablebackshort.Part of the
LO signalis fed to a harmonicmixer andis mixedwith a X-bandfrequency standardderived from a Rohde
& Schwarz synthesizer. The �rst IF frequency of the PLL systemis selectedto be 275 MHz, thusf(LO) =
Nxf(snt)+275MHz. Theharmonicmixer seemsto favour oddharmonicnumbers,i.e. N=9 is selected.With
this schemethe synthesizerfrequency is set to f(snt) = 9.114GHz andthe desiredLO output frequency of
82.301GHz can be exactly stabilized. The PLL IF signal is divided by 11 in order to perform the phase
comparisonat 25 MHz. This signalcanbemonitoredin thecontrol roomwith a spectralanalyzerallowing
thespectralpurity to beoptimized.If thePLL fails,analarmsignalis sentto thecontrolcomputer.

Oneof the many problemswith the phaselocking wasthe tendency of the Gunndiodefor biasoscillations
which cancausea permanentfailureof thediode. This problemwassolvedby a suppressioncircuitry at the
outputof thebiassupply. This protective circuit has,however, anunfavourablein�uence on thePLL system
asit decreasestheloopbandwidth.A suitablecompromisebetweenthesetwo contradictoryrequirementswas
found,andthephaselockingprovedto bereliableduringthemeasurementsession.

Two new circularpolarizersweredesignedandfabricatedwith centrefrequenciesof 86and147GHz,respec-
tively. Thematerialusedfor bothis STYCAST0005low lossplasticmaterialwhich is hardenoughto allow
machiningwith highaccuracy. Thepolarizersareconstructedof consecutivegroovessymmetricallymachined

2



onbothsidesof thesolidsupportmaterial.Thegroovewidthsandtheridgesbetweenthegroovesare0.5mm
for 86 GHz and0.3mm for 147GHz, respectively. Thesolid supportmaterialthicknessis selectedto beone
wavelengthin thedielectricmaterial(er = 2.54)which givesthe following values: 2.2 mm for 86 GHz and
1.28mm for 147 GHz. The performanceof thesepolarizerscannotbe measuredat our Observatory. How-
ever, anotherpolarizerdesignedandmanufacturedwith thesameprincipleswasmeasuredin 2002at IRAM
(Grenoble)andresultscon�rm thatit exhibits thedesiredphaseshift andhasvery low transmissionlosses.

2.1.2 Receiver Maintenanceand Upgrades

Projectteam:Peltonen, Oinaskallio,Rönnberg

During2004both22GHzand37GHzold Dicke-switchedcontinuumreceivers(whichareusedduringmostof
thetelescopetimeallocation)operatedwithoutany failure.However, therehaveariseddoubtshow longtheLO
sourceswill survive. Bothof themhaveaGaAsGunnoscillatormountasaLO andit is well known thatthese
deviceshaveonly a limited life timebecauseof thelow ef�ciency andthusahighoperationtemperatureof the
semiconductormaterial.For this reasonplansto replacethesein caseof failurehave beenmadein advance.
A YIG oscillatorwith anoutputof +13 dBm andcenterfrequency of 11 GHz followedby a power ampli�er
anda doublergivesenoughpower at 22.2GHz to drive themixer. The frequency of theYIG oscillatorcan
becoarsetunedby a tuningvoltagewhich musthave very small ripple to createa spectrallypuremicrowave
signal.For the37GHzreceiver theGunnoscillatorcanbereadilyreplacedby asimilarcommercialoscillator
usedin the37GHzSolarreceiver. This receiver hasnotbeenusedmuchduringthelastyears.

Figure1: VLBI phasecalibratorunit.

Phasecalibrationis essentialfor VLBI observations. A unit which canbeusedfor bothGeo-VLBI receiver
and22 GHz receiver wasconstructed.Thebasicphasecalibratorwasdesignedat Istituto di Radioastronomía
(IRA), Italy, andit givesatrainof pulseswith 1 MHz separationgeneratedfrom the5 MHz frequency standard.
Thestrengthof thespikesis of coursehigherat lower frequenciesandwill diminishwith increasingfrequency
upto K-band.With two cascadeddirectionalcouplersappropriatebandscanbeselected,�rst for Geo-receiver
(S andX bands),andsecondly, for any VLBI-receiver which usesthestandardIF outputof 500–1000MHz.
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Theschemeis basedon the fact thatstriplinecouplershave a limited bandwidthfor thecoupled(usually20
dB coupling)portbut thethruportpassesactuallyall frequenciesup to K-band.

2.1.3 IT Infrastructur e

ProjectTeam:Mujunen, Lindfors

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

Apart from the centralservers, the installedbaseof general-purposeworkstationsis agingrapidly with the
meanageof morethan6 years.Thishasto beaddressedin thenearfuture.After severethunderstormdamage
in July 2003, the local areanetworking equipmentis, on the otherhand,suf�ciently advanced,featuringa
gigabit Ethernet�ber -optic backboneandfour 24-port10/100megabit port wire-speedswitches.Two Allied
Telesynswitcheswereacquiredto allow for the lengthy repairprocessof the existing two Hewlett-Packard
switches. In addition to these,the experimentalfour-PC VSIB VLBI disk-acquisition“tower” (seesection
2.2)featuresits internal8-portgigabitswitch.Thenew Allied Telesynswitchesallow easyserverconnectivity
with their extra copper-basedgigabit Ethernetports,andthis is plannedfor thecentral“ /home ” and“ /data ”
NFSservers.

Theobservatorysitewasconnectedto theInternetusinga2 Mbpsdedicatedleasedline. As its monthlyleaseis
approximately�fty timesmoreexpensive thanaregularasymmetric2 Mbps/512kbpsADSL line, the2 Mbps
dedicatedline wasterminatedat theendof year.

Thereplacementwasaccomplishedwith two2Mbps/512kbpsADSL linesfromtwodifferentserviceproviders.
Theselinesareusedto establishaVirtual PrivateNetwork (VPN) tunnelto Otaniemicampus.Theconnection
utilizesLinux multilink pppdandOpenSSHencryptedTCPtunnelsasthetransportfor pppd.

However, the emerging eVLBI datatransfertests(seesection2.2) would necessitatea signi�cantly faster
1–2 gigabit link to the CSC/FUNETbackbone. Initial requestfor a quotationwas sentto several service
providers,andindeedsolutionsaregenerallyavailable,including thepreferablesolutionof leaseddark �ber
giving accessto multi-gigabit bandwidthswith COTS low-costequipment.Theapplicationfor fundsto start
acquiringthe�ber hasbeen�nally approvedat theuniversityfor 2005.

Boththe“ /home ” and“ /data ” NFSserverswith AMD Athlon 1GHz-classprocessorsand512MBof memory
havebeenupgradedto 250GB.A subsequentmemory/processorupgradeis plannedfor “ /home ” in 2005.The
existing disk subsystemsdo not usea Linux RAID setupfor simplicity. However, they do featurea “li ve”
backupof anequalamount(250GBfor both“ /home ” and“ /data ”) of regularIDE diskspace.

“ /home ” and“ /data ” areasandtheirbackupshavebeensupplementedwith anoff-site“ rsync ” remotebackup
server with a perpetualdaily snapshotcapability. This kind of triple redundancy haseliminatedtheneedfor
DAT tape-basedbackupswhich have proved to be impossibleto make without an automatedtapeswitcher.
This server is locatedat Otaniemicampusandit features400GBof snapshotspacefor “ /home ” and250GB
for “ /data ”.

IDL remainsat version5.4on “kurp.hut.fi ” (2 �oating licenses).Matlabwith sharedlicensesupportfrom
theuniversitycomputingcentrealsoremainsat version6.0on “kurp.hut.fi ”.

For electronicsdevelopment,PADS (Mentor)PowerLogicandPowerPCB5.1wereused,togetherwith Xilinx
Foundationv2.1i VHDL tools for FPGA development. For future FPGA projects,an upgradeto the latest
Xilinx ISEVHDL environmentis planned,aswell astheupgradeto MentorPADS2005release.
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2.1.4 NewObservational Hardware

ProjectTeam:Mujunen, Oinaskallio,Rönnberg

Thelong-awaitedremotecontrolof theradomeheaterwas�nally completedcloseto Christmas2004.Its con-
trol systemwasbuilt usinga small programmablelogic controller(CreuzetMillennium II) to facilitateboth
manualandcomputer-invokedcontrolandsafetyfeatures(time limits, automaticswitch-off if overtime).Re-
motecontrolintegrateswith theexistingADAM/NuDAM RS-485controlnetwork andits standard“dammer”
TCP/IPserver software. A similar remotecontrol wasestablishedfor both 22 GHz and37 GHz continuum
receiver calibrationnoisediodes,too.

Figure2: Radomeheaterremotecontrolunit.

Theantiqueantennapedestalhoistwinch,whichhadnotbeenusedsinceapproximately1985,wasdismantled
andremoved from thepedestalfor a completerevampandupgradeof thewinch construction.This is being
performedin-houseby Mr. Rönnberg with themaindesigngoalthatreceiverswapscanbeperformedwithout
manualcarryingandlifting of the heavy receiver complexesat the antennapedestal.This shouldfacilitate
one-manoperationduringreceiver swaps,aswell asmake handlingof heavy andbulky receiverssuchasthe
geodeticS/X andthe2/3mmSISreceiver muchmoreacceptable.

2.1.5 Automatization of QuasarObservations

ProjectTeam:Tornikoski, Hovatta,Kotiranta,Lähteenmäki,Mujunen,Oinaskallio

Theautomatizationof quasarobservationshasbeenan importantprojectin 2004. In orderto save resources
andmanpower for actualscienti�c work insteadof having researchstaff personallyrun routineobservations
24hoursadaythroughthewholeyear, wehavedevelopedseveralcomputerprogrammesthatassistobservers
in the variousphasesof the observation process(Figure3). This systemdoesnot performfully automated
observations,but humaninterventionis neededonly at certaincritical stages.Now practicallyeverythingcan
be run alsoin a remotemode(for example,observer's home). Thusa researchercantake careof a 24 hour
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observingshift andstill getsomeotherwork done,plussuf�cient sleepduringthenight. However, sometime
mustbespentontakingcareof thepointingandcalibrationchecks,andplanningobservinglists for automated
observingperiods(which typically lastfor severalhoursbut only rarelya full nightor more).

ANTENNA

CONTOBS OUTPUT

AUTOMATIZATION of QUASAR OBSERVATIONS

WEATHER
MONITORING
SYSTEM

          &
     DOME

PROCESSING OF

OBSERVING SOFTWARE

AUTOMATIC
OBSERVATION
LISTS
- assisting program

OBSERVER

- webpage

- computer
   operated

HEATER

- assisting program

- sourcelist & visualization

FINAL RESULTS
- webpage

Figure3: Automatizationof quasarobservations.

In orderto make automaticobservations,a list of sourceshasto be fed into the computer. Oneof the new
programmeshelpstheobserver in selectingsuitablesourcesfor theselists (that is, sourcesthatarevisible at
theright timeandin theright directionof thesky). It alsotakescarethatthelist is in acorrectformat.

Anotherprogrammeservesasan interactive sourcelistandvisualizationtool. Theprogramme,for example,
noti�es usersif somesourceshave not beenobserved for a long time, and it canalsodraw lightcurvesof
thesources.Observerscansethigh priority marksto interestingsources,managethesourcelist accordingto
the recentbehaviour of the sources,or to point out requestsfrom our collaborators(�aring sources,targets
of multifrequency campaignsetc.). This tool hasbecomeincreasinglyimportantdueto the largenumberof
sourcesonourmastersourcelist: it is verydif�cult for theobserversto befamiliarwith eachindividualobject
on the list, so the priority systemandthe attachedinformation�elds act asa guidefor makingthe choices
whendesigningasourcelist for theshift'sobservations.

Theoutputof theobservingsoftwareis raw data,from whichonly certainpartsareneededto calculatethe�nal
results.Moreover, weatherdatahasto betaken into accountwhenreducingthedata.Themanualderivation
of the �nal resultsis rathertime consumingandthusa programmewasdevelopedto gathertheneededdata
andto attachthe correctweatherinformationto it, so that the needfor manualresult log keepinghasbeen
eliminated.

Thecomputercontrolof theradomeheaterwas�nished in December2004.Theheatercanbeoperatedeven
with aremotecomputer, whichmakesremoteobservationspossiblealsoafterrainor snow fall. Timedheatings
canbeimplementedaswell.

Besidesthe automatization,changesweremadealso in the areasof managementof observation shifts and
information exchangebetweenthe membersof quasarmonitoring project in order to make the observing
sessionsmore�uent andef�cient. Thekey factorin this progresshasbeena webpagein whichall theneeded
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informationaboutquasarobservationsis collected.

AcknowledgementsOur teamthanksMr. Erkki Jussila/ HeinolanPoltinohjausOy for kindly providing us
with thenecessaryhardwareandexpertisethatwasrequiredto completetheremotecontrolof theheater.

2.1.6 Clock Differ enceMeasurements

Projectteam:Koski, Oinaskallio,Mujunen

Thedesignof “Clodi” clock differencecounterwascompletedin 2004anda protypeseriesof � ve unitswas
manufactured.Theinternalsof thelatestrevision, “Clodi 6” is shown if Figure4.

Figure4: Clodi 6.

2.2 Developmentof Next GenerationVLBI RecordingSystems

Projectteam:Ritakari, Mujunen

Sincetheearly1990'sMetsähovi RadioObservatoryhasbeenoneof thefew institutesin theworld whereVery
Long BaselineInterferometry(VLBI) dataacquisitionsystemshave beenconstructedanddevelopedfurther.
Recentlyour teamhasfocusedontransformingCommerciallyAvailableOff-the-Shelf(COTS)technologyfor
VLBI dataacquisitionapplications.The highly successfulCOTS Linux PC-basedMetsähovi disk recorder
designwascompletedin 2002,anda total of onehundredVSIB dataacquisitionboardsandVSIC converter
boardswereproduced.

Thesystemhasbeenputto testonseveraloccasions:in 2002resultingin world-�rst 1GbpsinternationalVLBI
experimentever, in February2003gettingthe �rst international1Gbps22 GHz continuumfringesbetween
Metsähovi andNICT/Kashima,in March12th2003Metsähovi andJodrellBankObservatorysucceededin the
�rst European1GbpsVLBI experiment,andin June17th2003Metsähovi andNICT/Kashimasucceededin the
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�rst international2Gbpsexperiment.This VLBI speedrecordis still unbroken. Thedatawererecordedwith
Metsähovi designedterminalsatMetsähovi andPC-VSIterminalsatKashima.Metsähovi datawastransferred
via Internetto Kashimaandcorrelatedwith ahigh-speedsoftwarecorrelator.

In the �rst eVLBI testsit wasquickly realizedthat the conventionalInternetprotocolsare in practicetwo
ordersof magnitudetoo slow for high-speednetworks. Thuswe have startedevaluatinghigh-speedInternet
protocolsfor eVLBI andhave identi�ed severalcandidates:Sabul, UDT, Tsunami,Fobs,ReliableBlastUDP,
andGTP. In thepreliminarydatatransferteststoJIVE,Metsähovi VLBI teamachievedanorderof amagnitude
improvementto thenormalTCP/IPtransferspeed.

A secondset of record-breaking�le transferexperimentswere performedin cooperationwith CSC, the
Finnish information technologycentrefor science,and the operatorof the Funetnetwork. Large �les of
actualobserved VLBI dataweretransferredto JIVE at speedsconstantlyabove 512Mbps. The experiment
was internationallyacknowledged(seethe article “58 GigaByte File Transfers”in EU Information Soci-
ety Technologies(IST) newsletterat http://www.cordis.lu/ist/rn/ri-cnd/news_oct_04.htm ). Soon
after the �rst success,the transferrate was further improved to be consistentlymore than 640Mbps(see
http://ivscc.gsfc.nasa.gov/pipermail/ivstech/2004/000071.ht ml ). This discussionlist of Inter-
nationalVLBI Service(IVS) clearly depictshow Metsähovi is leadingthe currenteVLBI development(see
http://ivscc.gsfc.nasa.gov/pipermail/ivstech/2004/thread.ht ml .)

This far all thepreviousdatatransmissiontestshave been�le-to-net-to-�le basedandhave beenperformedat
theOtaniemicampus.In thenearfutureHelsinki Universityof Technologywill supporta multi-gigabit �ber -
opticnetwork connectionto theMetsähovi RadioObservatorysite,whichwill allow developmentof real-time
transmissionof VLBI data,directly from theradio telescopeinto theJIVE VLBI correlator. This will speed
up tremendouslythedataprocessingturn-aroundtimeof scienti�c VLBI observations.

TheAustraliaTelescopeNationalFacility (ATNF, operatedby CSIRO) andUniversity of Tasmania(UTAS)
haveenhancedtheirVLBI observationalcapabilitiesby acquiringseventeenMetsähovi disk-basedVLBI data
acquisitionsystemsto beusedat their six observatories.Furthermore,thesystemhasbeenextendedto sup-
port 24 hourcontinuousandautomatedextremeresolutionVelapulsarobservationsat ATNF Mount Pleasant
station. (Seehttp://www.oan.es/evn2004/WebPage/RDodson.pdf .) Several systemsarealso in usein
Canada,Germany, Italy, theNetherlands,UK, andUSA.

Metsähovi disk VLBI recorderswereto play a key role alsoduring the ESA Huygensprobe,on-boardthe
CassiniSaturnmission,descendinto Titan on January14th 2005. Even thoughnot visible for European
stations,anexceptionallylargenumberof VLBI observatoriesin theUSandon theAustraliancontinent,sev-
enteen,will follow andrecordthe faint Huygens-CassiniS-bandsignalduring the descentto Titan. VLBI
observationsarecorrelatedandspeciallypost-processedat JIVE to reconstructthedescenttrajectoryof Huy-
gensprobe.Sincefour of theAustralianobservatories(includingthe64-meterParkesdish)areequippedwith
Metsähovi VLBI disk recordersandATNF DAS systems,a way hadto be found to convert ATNF DAS bit
streamdatainto a format acceptableby the JIVE correlator. The versatility of Metsähovi PC-basedrecord-
ing allowedusto developreformattingandnarrow-banddataextractionsoftwarewhich allows theAustralian
stationsto join thisuniqueexperiment.

Futuredevelopmentswill focusontransformingeVLBI datatransfersto acommodityoperationwhichwill be
performedroutinelyduringregularVLBI observationsessions.Softwaredevelopmentbothin protocolsandin
observationcontrolandtransmissionautomationwill beneeded.Thegeneraltrendin VLBI developmentswill
leadusto considerproblemsin radioastronomyasproblemsin InformationandCommunicationTechnology
(ICT). We will continueour successfulseriesof technologydemonstrationsof applyingCOTS ICT in VLBI
dataacquisition.

2.3 VLBI Observational Activities

2.3.1 GeodeticVLBI Project

ProjectTeam:Mujunen, Urpo,Oinaskallio,Rönnberg
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Figure5: Settingup oneof the�rst VLBI StandardInteface(VSI) basedacquisitionsystemsfor unformatted
VLBA samplerdataat1Gbps.Two Metsähovi VSI disk recordershavebeenconnectedin daisy-chainfashion
usingstandardVSI cabling.TheuniversalVSIC converteron top of therecordersprovidesVSI outputout of
unmodi�ed VLBA samplers.

Theswap-in/swap-outmountingsfor the1.7mgeodeticsubre�ectorhaveprovedtoproviderepeatablemount/unmount
sequencesin � ve geodeticVLBI runsin 2004.A rechargeablebatteryoperatedprecisionwinch wasadapted
to subre�ectorlifting, enablingtheswapto beperformedby justoneoperator.

The problemsregardingthe S/X receiver autonomouscontrol systemandthe auto-controlledvacuumpump
andcryocoolerpower switcheswereresolvedby disablingandremoving thesefacilities in thereceiver. This
madethe receiver unit approximately15 kg lighter, speededup thevacuumestablishingprocess,eliminated
blown fuseissues,andensuredthatacoldHecompressoris not startedwithoutwarm-up.

Additionally, the phasecal injector now hasa pedestal-mountedenclosurewith power supplyandRF elec-
tronics,andtheFinnishGeodeticInstituteprovidedacablelengthmeasuringsystembasedonahigh-accuracy
picosecond-classcounterandaLinux PC.

At theendof theyeara formal researchcooperationgagreementwasestablishedandsignedby theuniversity
and the Finnish GeodeticInstitute, of�cially establishinggeodeticVLBI observationsat Metsähovi Radio
Observatoryasanon-goingventure.

2.3.2 Station Hardware/Software

ProjectTeam:Mujunen, Oinaskallio,Ritakari

The recordingquality of our single-headstackVLBA4 recorderremainslessthandesirable.Numerousat-
temptsto reveal the underlyingproblemhave all failed, andonly vaguespeculationsof headstackwear-out
or miscontouringremain. Furthermore,onepower failure causedthe recordercontrol electronicsto power
up without resettingthecontrolcomputer, causinga long continuousrun of headstackmovementpulses,de-
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Figure6: Geodeticsubre�ectorprecisionwinch (below) with its self-lockingmount(above).

stroying the inchworm motorof headstackpositioner. The inchworm wasreplacedandtherecorderis again
operationalbut with mediocrerecordingquality.

For theNovemberEVN sessiontheJoint Institutefor VLBI in Europe(JIVE) loanedusa Mark5A harddisk
basedrecorderunit (“mark5-620”).During its setupit wasrevealedthatourMark4 formatter�rmw arehadto
beupgradedto supportautomaticauxiliarydata�eld updatesfor it to functioncorrectlywith theMark5A unit.

Thetotalpowerdetectorsof IF distributorC/D still haveafault resultingin zeroreadouts,preventingfull-band
Tsysmeasurementsof theastronomyRCPchannel.

Approximately� ve BBCshave hadsynthesizer/PLLfaultsfor years. In conjunctionof thestartof geodetic
VLBI where14 BBCs are routinely neededfor bandwidthsynthesization,we starteda project to repair a
suf�cient numberof BBC LO synthesizerboardsto getat least15BBCsupandrunning.

We hadgoodsuccessin scavengingandmixing andmatchingLO oscillatorboxesandLO synthesizerboards
from retiredBBC units. However, we remainedshortof a few synthesizersandhadseveralboardswherethe
sametypeof fault appeared:the�rst 10/11GaAsdividerchipwasnotoutputtinganything.

WecontactedPaulBurgessatJodrellBankObservatory, UK, to getonesparesynthesizerboardfrom theEVN
sparepartspool. He alsomanagedto acquireusa few of thescarceandobsoleteGaAschips,with thehope
thatwe will beableto �x severalof our own defective synthesizerboardsandcould thusreplenishtheEVN
sparepoolwith theseboards.TheEVN spareboardenabledusto getall 14BBCsworkingin thewaygeodetic
VLBI requiresin theNovembergeosession.

The FS was upgradedto the version9.7.1 which supportsthe “formal” parsingmodeof Mark5A control
software.
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Figure7: Mark5A disk recorder.

2.3.3 VLBI Sessionsin 2004

ProjectTeam:Mujunen

Only two EVN VLBI sessionscontainedobservationsat K band,22 GHz, in FebruaryandNovember2004.
A total of � ve thin tapeswereshippedto theJIVE correlatorin February, whereastwo disk packswerebuilt
for theNovembersession,one3200GBandone980GB.

Five geodetictrial runsandtestsessionswereconductedin 2004,in March,May, September, November, and
December. Eachof themconsistedof a 24 hour run generatingapproximatelyonethin tape(or 600GB)of
data.

TheCoordinatedMillimeter VLBI Array (CMVA) wasrestructuredin 2003–2004asthecoordinationrespon-
sibility was transferredfrom HaystackObservatory to Max-PlanckInstitut für Radioastronomie,underthe
new nameof “Global mm-VLBI Array”. Metsähovi tookpartin two GMVA 5-daysessionsorganizedin April
andOctober2004.Four thin tapeswith degradedrecordingquality werecreatedin April andin October� ve
Mark5A disk packsof 1TB eachwererecorded.The new 3mm/2mmSIS receiver wassuccessfullyusedat
86GHz in theseobservationsin dual-polarizationLCP/RCPmode.

2.4 AMS

Thisprojectwaseffectively halteddueto manpowerproblems.

2.5 Micr omechanics

ProjectTeam:Rönnberg
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Ourmechanicalworkshopmanufacturedseveraldemandingprecisionsystemsfor HelsinkiUniversityof Tech-
nologyRadioLaboratoryandVTT TechnicalResearchCentreof Finland. Themostnoteworthy of theseare
theadjustablemicromechanicalhologramsupportstructurefor theADMIRALS RTO CompactAntennaTest
Rangeof RadioLaboratoryandthe miniaturewaveguide impedanceadjusterwith a precisionquartzblade
micropositioner, alsofor RadioLaboratory.

2.6 Extragalactic Radio Sources

2.6.1 BL LacertaeObjects

ProjectTeam:Tornikoski, Hovatta,Kotiranta,Lähteenmäki,Parviainen,Saloranta,Torniainen,Tröller, Niep-
pola,Valtaoja(Turku)

Observationsof a completesampleof BL LacertaeObjects(BLOs) wasstartedin 2001with theMetsähovi
telescopeat37GHzaspartof ourstudiesof varioussourcepopulationsfor thePlanckforegroundscience(see
subsectionPlanck).Our aim is to studya completesampleof BLOs from theradio-selectedBLOs (RBLs) to
theX-ray selectedBLOs (XBLs), andto put specialemphasison thestudyof theIntermediateBLOs (IBLs).
It is still unclearwhetherthedetectionof theIBLs wasdueto aselectioneffectwhenproducingthesample,or
whetherthesamplerepresentstheactualdistributionof BLOs,showing acontinuousdistributionof properties
from theXBLs to theRBLs. If we studya completesampleof BLOs, we cangeta full understandingof the
spectralenergy distribution of theBLOs,all theway from theradio-selectedto X-ray-selectedBLOs,andwe
canseeif thereis acontinuityfrom subsampleto subsample,andwhetherthis �ts within theframework of the
uni�cation modelsof AGNs.

Most of the XBLs andIBLs have never beenobserved at high radio frequenciesbeforemandwe wantedto
seewhetherthis is justi�ed or not. By autumn2004we hadcoveredalmost100% of thesample(about400
sourcesfrom Véron-Cetty& Véron2000),andfor someof themwe have multi-epochdata.Of all of these,
morethanonethird weredetected,and,aboutonethird of theX-ray andintermediateBLOs, too, thathave
previously beenthoughtto be too faint at higherradio frequencies.In thenearfuturewe aregoing to apply
theupdatedversionof theBLO sourcecatalogwith doublyasmany sources,andexpandthis programmefor
a longer-termmonitoringof their variability.

In herMaster's thesisElina Nieppolastudiedthepropertiesof theMetsähovi BL Lac sample.Traditionally
BL Lacshave beenclassi�ed aseitherRBLs or XBLs accordingto the frequency bandon which they were
discovered(radio,X-rays).Thesetwo classesdiffer, for example,in variability andpolarizationproperties,and
at �rst seemedto becompletelyseparate.Laterobjectswith intermediatepropertieswerefound,suggesting
that the BL Lac populationmight be continuous.This continuumin propertiesis thoughtto be causedby
thedifferencein thesynchrotroncutoff frequency. BLOs got a new classi�cationscheme:objectswith their
synchrotronpeakin theradio/IRbandarelow-energy synchrotronpeakBL Lacs(LBLs) andobjectspeaking
attheUV/X-ray frequenciesarehigh-energy synchrotronpeakBL Lacs(HBLs). Objectsin betweenarecalled
intermediateBL Lacs(IBLs).

The aim of Nieppola's thesiswas to usethe Metsähovi BL Lac sampleof 398 objectsto determineif the
BL Lac populationis in factcontinuous.A largedatabaseof �ux datapointsat several frequency bandswas
collected.Whenpossible,thedatawereusedto plot theobject'sspectralenergy distribution(SED).TheSEDs
were�tted with a parabolicfunctionto determinethesynchrotronpeakfrequency. This couldbedoneto 308
plots. Theobjectswereclassi�edaccordingto their synchrotronpeakasfollows: for LBLs lognpeak< 14.5,
for IBLs lognpeak=14.5–16.5andfor HBLs lognpeak> 16.5. Theaverageluminositiesat 37 GHz werealso
calculatedto checkthecorrelationof thesynchrotronpeakfrequency andtheradioluminosity. Thelogarithmic
ratioof x-ray to radio�ux, log(Sx=Sr ), wasdeterminedfor eachobject,aswell asbroadbandspectralindices
from radioto optical(a ro) andopticalto x-ray (aox) frequencies.

Thesamplewasdividedevenlybetweenthedifferentclasses,sothattherewereabout100of each.Therewas
signi�cant negative correlationbetweenthesynchrotronpeakfrequency andtheradio luminosityat 37 GHz.
No evidenceof low luminosity LBLs or high luminosity HBLs were found. Therewere 22 objectswith
lognpeak> 19. Thesecanbeconsideredascandidatesfor ultra-high-energy BL Lacs(UHBLs). They areex-
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Figure8: a ro vs.aox -plot of BL Lacertaeobjects.

cellenttargetsfor gamma-rayobservations.Thedistributionof x-rayto radio�ux ratios,log(Sx=Sr ), appeared
smoothandconsistent.Thedivisionaroundthevalue-5.5,which is characteristicof RBLsandXBLs, cannot
beseen.In thea ro vs.aox plot well-known RBLsandXBLs occupy differentregionsof theplaneasexpected,
but the sampleasa whole is evenly distributed(Figure8). Therefore,it canbe concludedthat the BL Lac
populationis continuousandtheluminositiesseemto dependon thesynchrotronpeakfrequency.

The resultsderived by Elina Nieppoladuring her thesiswork will be publishedin 2005, and we are also
preparingadatapaperaboutourBLO observations.

2.6.2 Fainter Flat-Spectrum Sources

ProjectTeam:Lähteenmäki, Tornikoski,Valtaoja(Turku)

Whenselectingcandidatesfor highradiofrequency observations,it is generallyassumedthattheradiospectra
peakat relatively low frequenciesandgetvery steepin themillimetre wavelengthrange.Thus,only sources
exceedingacertain�ux limit andshowing a�at spectrumat thelow frequenciesoftenendupbeingmonitored
in the millimetre domain. This is why studiesmadeat radio frequencieshigher that 8.4 GHz have usually
excludedthe fainter (say, 0.1–1Jy) �at-spectrumsources,andpracticallyno high frequency dataexist for
sourceswith the �ux densityS lessthan0.5 Jy at 2.7 GHz. Also, the selectionis often basedon only one-
epochobservationsat low frequencies(especiallytrue for southernsources).Thesesourcesmay have been
observed during a quiescentstate,and in reality even their low frequency �ux es canbe muchhigher than
assumed.
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Our earlierstudies(for example,Tornikoski et al. 2000,2001)have shown thatat high radio frequencies,a
typical variableAGN spendsmuchmoretime in the quiescentor intermediatestatethanin an active state,
andthatmany sourcesassumedto be “too faint to bedetectedat millimetre frequencies”canat timesreach
relatively high (up to 1 Jy) �ux levels. Theseemphasizethe importanceof makingmulti-epochobservations
of “f aint” AGNs,becausealsothesesourcesmayat timessigni�cantly contribute to thePlanckextragalactic
foreground(seesubsectionPlanck). Also, the brightestsourcesmostly observed, of course,are not very
representative of thewholepopulation.This is why we have starteda programmeto studythe instantaneous
continuumspectrumof fainter�at-spectrumsourceswith RATAN-600, theworld's largestradiotelescope,at
a frequency rangeof 1–22GHz. We have signeda collaborative agreementwith the SpecialAstrophysical
Observatoryof RussianAcademyof Sciences,theSt. Petersburg StateUniversity, andtheSt. Petersburg State
TechnicalUniversity. Wehavealreadyhadseveralsuccessfulobservingruns,andmoreareplannedfor winter
2004/2005andspring2005.

2.6.3 WMAP Point Sources

ProjectTeam:Lähteenmäki, Tornikoski,Hovatta,Kotiranta

TheWMAP satellitedetected208extragalacticforegroundradiopointsources(Bennettetal. 2003).WMAP is
notassensitiveanexperimentasthePlancksatellitewill be.Nevertheless,its resultscangivesomeindication
of whatcanbeexpectedof Planck.Thus,immediatelyafter the releaseof theWMAP resultsin early2003,
we startedfollow-up observationsof the WMAP point sources,togetherwith PlanckExtragalacticWorking
Group6. Most of the WMAP sourcesareof coursewell known but many (19) have multiple identi�cation
candidates.Also, somewell known sourcesseemto bemysteriouslymissingfrom theWMAP list. WMAP
observed thesourcesat � ve radio frequencies,thusgiving an insightalsoto theshapeof thespectra.Some
of the sourceshave beenobserved with the Very Large Array (VLA) by BrucePartridgeandhis group, to
con�rm the coordinatesof the multiple identi�cation WMAP point sourcedetections.Our groupobserved
all candidatesfor eachsourcewith the Metsähovi telescopeat 37 GHz and7 primary candidateswith the
SESTat90GHzduring2003and2004.Accordingto thepreliminaryresults,someof theprimarycandidates
certainlyarethe correctidenti�cations but for somesourcesthe identi�cation is muchmorecomplicated,a
resultcon�rmed alsoby Trushkin(2003). A paperis in preparation,combiningtheVLA andtheMetsähovi
results.

2.6.4 Inverted-SpectrumSources

ProjectTeam:Tornikoski, Hovatta,Kotiranta,Lähteenmäki,Torniainen,Tröller, Valtaoja(Turku)

We have beenobservingnew samplesof Gigahertz-PeakedSpectrum(GPS)sourceswith theMetsähovi tele-
scopeat 37 GHz, every otherweeksinceNovember2001,andwith theSEST(Swedish-ESOsubmillimetre
Telescope)at 90 GHz until theendof its operationin 2003. Initially thepurposewasto searchfor new high-
peaked sources,to studythe variability of the “bona �de” GPSsourcesandthe modelsusedfor describing
them,andto studythe impactof our �ndings on thePlanckmission.Our grouphasidenti�ed somenew ex-
tremepeakingGPSsources,but in particularwe have shown (Tornikoski et al. 2001;Torniainenet al. 2005)
thatmany sourcescurrentlyidenti�ed as“bona�de” GPSsourcesandcandidatesin theliteratureactuallyare
ordinary�at spectrumsourceswith highvariability andspectrathatgetinvertedonly during�ares. Thecurrent
workinghypothesisis thatthenumberof genuineGPSsourcesis smallerthantheestimatesgivenin theliter-
ature.However, thenumberof sourcesthatsometimes,i.e. in theiractivestate,peakathigh radiofrequencies
seemsto behigherthanearlierassumed.Thisresultis alsoof greatimportancefor thePlanckmission,because
thesesourcescanat timesbeextremelybrightat thePlanckfrequency range.Thisemphasizestheimportance
of thepredictionof sourceactivity statesduringthemission,aswell astheroleof theradio�are modelling.

2.6.5 CompactSteepSpectrumSources

ProjectTeam:Tröller, Tornikoski,Valtaoja(Turku)
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Compactsteepspectrumsourcesare high luminosity radio sourceswith steepspectra. Their (radio) size
is muchsmallerthannormalradio galaxies. They may be youngsourcesor alternativey old andfrustrated
objects.In eithercasethey provide importantconstraintson theenvironmentalfactorsin�uencing theorigin
andevolutionof powerful radiosources.

A sampleof CSSsourcesobtainedwith the Nordical Optical Telescope(NOT) in R- andV-bandshasbeen
studiedto distinguishbetweenthetwo evolutionscenarios.

A detailedphotometricanalysiswasappliedusinga two-dimensionalsurfacebrightnessmodel. The model
consistsof two components,a core representingthe nuclearcomponentand a host galaxy. The core was
describedby a scaledpoint-spread-function(PSF)whereasthemodelof thehostgalaxywasassumedto have
constantelliptical surfacebrightnesscontours.

It wasfoundthatin theopticalthenuclearcomponentis nearlyalwaysweaker thatthehostgalaxy(exceptfor
two cases).Thehostsof CSSsourcesarelargeandbrightellipticals,with anabsolutebrightnessin theR-band
of < MR > = -24.4magand< MV > =-24.9magin theV-band.Themeanhalf-light radiusis ref f = 11kpc.

Theshapes(seeFigure9) of thehostswould seemto con�rm theyouthscenarioin which thesesourcesare
evolving radiogalaxies.Theresultswill bepublishedin the�rst half of 2005.

Figure9: Theshape(n) of thehostsof CSSsourcescon�rm theyouthscenario.Thehostsaremoresimilar
to Fanaroff-Riley-Type2(FR2)andGigahertz-Peakedsources(GPS)thanto brightestclustergalaxies(BCG).
This resultsupportstheGPS-CSS-FR2sequence.

2.6.6 Planck SatelliteScience

ProjectTeamLähteenmäki, Tornikoski,Parviainen,Urpo,Valtaoja(Turku)

The Plancksatellitewill mapthe sky at several radio frequenciesandmeasurethe cosmicmicrowave back-
ground(CMB) radiation. At the sametime all foregroundradio sourcesin the sky, including extragalactic
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radiosources,will beobservedaswell. Thesatellitelaunchis scheduledfor August2007.

Our Metsähovi Radio Observatory and Tuorla Observatory Planckcollaborationteamhasenthusiastically
participatedin the core activities of the PlanckExtragalactic Point SourcesWorking Group. In 2004 the
main tasksfor our teamhave beenthe developmentof the PlanckQuick DetectionSystemsoftware and
the de�nition of its triggering criteria, the constructionof the PlanckPre-launchCatalogof point sources
(including observationsandanalysisaswell as the delivery of the datafor the Catalog),andanalysingthe
scienti�c dataof extragalactic point sources(see*AGN-luvut tässävuosikirjassa*). A major task was to
formulatepreliminaryHerschelsatelliteproposalabstractsfor the PlanckScienceTeamin early December.
Our teamsubmittedtwo abstracts,called“Observingsubmmbright active galacticnucleiwith Herschel”and
“Target of OpportunityHerschelobservationsof interestingactive galacticnuclei detectedwith the Planck
QuickDetectionSystem”.

TheExtragalacticPointSourcesWorking Grouphada meetingin connectionwith the the2ndPlanckSym-
posiumin Paris in January. Our representatives in the meetingwereA. Lähteenmäki,E. Valtaoja,andM.
Parviainen.TheWorkingGroupalsoheldseveralteleconferencesfor WG coordinators(A. Lähteenmäki).

Thehomepageof theMetsähovi andTuorlaPlanckcollaborationcanbefoundat
http://kurp.hut.fi/quasar/planck/index-en.htm .

2.6.7 Multifr equencyObserving Campaigns

ProjectTeamTornikoski, Lähteenmäki,Torniainen,Tröller, Parviainen,Hovatta,Kotiranta

We took part in severalmultifrequency campaingsalsoin 2004,anddid individual observingrequests.Typi-
cally wesupportthecampaignwith daily observations,andcontinueregularmonitoringevenbeforeandafter
theactualcorecampaign.

0716+714& 0836+710The main WEBT campaignfor 0716+714was in November2003 but the project
continueduntil May 2004. In April anotherobservingcampaigntook placeto supportIntegral Target-of-
Opportunityobservationsof the source. At this time it wasnoticedthat also0836+710wasvisible in the
Integral data,andmoreobservationswerepromptlymade.

3C2733C273wasin a very faint multifrequency statein June2004,andTarget-of-Opportunityobservations
on thevery weakjet emissionwereinitiated, togetherwith multifrequency supportobservations(XMM and
groundbasedinstruments;Metsähovi makingfrequent37GHzandsome22GHzobservations).

0235+164TheENIGMA/WEBT campaignof 0235+164is ongoing.In 2004we supportedtheXMM point-
ingsof thesourcein JanuaryandAugust.

MARK 421We joinedin VERITAS andRXTE observationsof MARK 421in May andDecember.

MARK 501In JuneweobservedMARK 501in supportof Whippleobservations.

H1426+428We supportedthe XMM andRXTE pointingsof this sourcein August. We have continuedto
observe it regularly asit is alsooccasionallyobservedwith MAGIC, andseemsto besporadicallydetectedat
37GHz.

0202+1490202+149wasobservedin autumnto supportsimultaneousMAGIC observations.

OJ 287Therewill beextensivemultifrequency campaignsof OJ287in 2006and2007,trying to catchthepre-
dictedoutburst(s).Wewill betakingpartin thecampaignsandhavestartedmonitoringthissourcefrequently.

Others & requestsIn springwe observed threesources(PG0007+106,PG1718+48,PG2209+18)for Niall
Smith (Cork Instituteof Technology). We arewatchingBL Lac and3C 279 for MAGIC (Elina Lindfors,
TuorlaObservatory),in casethey startbrighteningin 37GHz. Wealsoobservedasampleof high-peakingBL
Lacobjectsfor ElinaNieppola(TuorlaObservatory).
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2.6.8 RATAN-600Collaboration

ProjectTeam:Tornikoski, Lähteenmäki,Valtaoja(Turku)

We have usedthe RussianRATAN-600 to make simultaneousmultifrequency (1–22GHz) observationsat
severalepochsof asampleof ca.80of oursources(GPSsourcesandcandidates,andmany BLOs).

Onesetof sourcesin this campaignincludesobjectsthatshow at leastat timesa rising continuumspectrum.
For someof themwe possessa lot of datapointsbut arestill interestedin thesimultaneousRATAN spectrum
to determinethetrueinstantaneousshapeof thespectrum,andfor someof themweonly havesomehistorical
low-frequency datapointssothat it is impossibleto saywhetherthespectraaretruly invertedor whetherthe
shapeof thenon-simultaneousspectrumis causedby considerablevariability.

In additionto these,we alsoobserved a sampleof BL Lac Objectsusingthe RATAN. Someof theseBLOs
weredetectedin Metsähovi atasigni�cant level, but wealsoincludedasetof sourcesthatweretoo faint to be
detectedin Metsähovi at37GHz.

We carriedout the “pilot” observationsin 2003,andcontinuedtheprojectthrough2004. The instantaneous
RATAN spectrarevealedlotsof interestingfeaturesin oursources.

� Someof theBL Lacobjectsthathaverelatively faint low-frequency datapoint in publishedcatalogs,but
which we have detectedat a signi�cant level at 37 GHz, indeedseemto beat a muchmoreactive state
alsoduring the RATAN observationsthanwhenthe historicaldatapointsweretaken. Someof these
sourcesevenhave convex RATAN spectra.

� Forsomeof ourrecentidenti�cationsfor inverted-spectrumsources(identi�cationspublishedin Tornikoski
et al. (2000;2001)or later identi�ed by Ilona Torniainenduring her thesiswork) the spectraseemto
retaintheir convex shapealsoduringtheinstantaneousdatataking.

� Two High Frequency Peakers(HFPs)from literaturealsohavebeautifullyconvex RATAN spectra,peak-
ing at ca.10and8 GHz,respectively.

� Alreadyfrom the2003–2004dataobtainedwith RATAN wecanseeconsiderablevariability in someof
thesesources.Ourprimaryreasonfor extendingourobservationsto 2005(and,hopefully, beyond)is to
studyhow theshapeof thecontinuumspectrumandthepeakof thespectrumchangeswith time, and
to studyhow theactivity stageaffectstheshapeof thespectrum.We have established(for example,in
Torniainenetal, submittedto A&A) thatwhenmonitoredfor a longertime,someof thesocalled“bona
�de” GPSsourcesin the literatureturn out to be variable�at-spectrumsourceswith invertedspectra
during the active stageonly. We want to study the true differencesbetweenthe sourcesthat have a
consistentlyconvex spetrummandthosewith spectrathatbecomeinvertedonly duringtheirmostactive
stages.

Our collaborationwith the RATAN group will continuein 2005, and we are preparinga paperaboutour
Metsähovi-RATAN collaborative observations.

2.6.9 Observationswith Other Facilities

INTEGRAL
“Targetof OpportunityObservationsof FlaringBlazars”,P.I. E. Pian,Co–IM. Tornikoski

VeryLongBaselineArray, VLBA
VLBI observationsof the�aring blazar0716+714,P.I. Kaj Wiik, Co–IM. Tornikoski.

RATAN–600“Instantaneous2–22GHzobservationsof asampleof BL LacertaeObjectsandGPScandidates”,
P.I. S.A. Trushkin,Co–IM. Tornikoski,observationsin April, SeptemberandOctober2004.

AustraliaTelescopeNationalFacility 3x5hours“VLBI andDopplerTrackingof theHuygensProbe”,Co-I A.
Mujunen,J.Ritakari.
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2.7 Solar Research

ProjectTeam:Tornikoski, Urpo,Riehokainen(Turku)

Dueto thecurrentfundingsituation,Metsähovi hasnot beenableto recruitany new Solarscientistsrecently,
andnow thatprofessorUrpohasretiredwedonothaveanyonein our teamworkingon theSolardata.Weare
still gatheringdata,however, usingtheautomatic1.8-metreSolarmonitoringtelescopefor total �ux density
observationsof thefull Solardisk andalsooccasionallymakingSolarmapsusingthe14 m antenna.Profes-
soremeritusSeppoUrpo is still working on thedataafterhis retirement,andalsoour Russiancollaborators
(professorStepanov andhisteam)areusingtheMetsähovi data.Dr. AlexandrRiehokainenfrom TuorlaObser-
vatoryis periodicallymakingSolarobservationsusingtheMetsähovi telescope,andthefocusof his research
is especiallyon theactive regionsathighSolarlatitudes.

At the end of the year professoremeritusSeppoUrpo and his Russiancolleagueswere awardedRussian
ScienceAcademy's price for thebestsciencearticle in 2003in the �eld of mathematicsandphysics(Figure
10). Thearticleis: Zaitsev, V.V., Kislyakov, A.G., Urpo,S.,Stepanov, A.V., Shkelev, E.I.: “Spectral-temporal
evolutionof low-frequency pulsationsin themicrowaveradiationof solar�ares”, AstronomyReports,Vol. 47,
pp. 873-882,2003. TheauthorsstudiedSolar�ares observed in Metsähovi at 22 and37 GHz. Thedynamic
spectraof low-frequency �uctuations wereobtained,andthey wereinterpretedin termsof eigenoscillations
of coronalmagneticloops.Theauthorsdiscussthethreedifferenttypesof oscillationsthatthey found.
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Figure10: Certi�cate of honour.
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3 “30 Yearsof Radio Astronomy in Finland” PictureGallery

On April 6th 2004Metsähovi celebratedits 30th anniversary. We celebratedthis event, “30 Yearsof Radio
Astronomyin Finland”with colleagues,collaborators,andhigh-level guests.

Metsähovi 30thanniversaryphotos.Namesfrom left to right.

Figure11: JukkaPiironen,Risto Kuittinen,Tuija Pulkkinen,Mirja Arajärvi, SeppoUrpo, Ilona Torniainen,
RistoPellinen,Esko Heikkilä, Kalevi Mattila, AnneLähteenmäki,EsaLuomala.
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Figure12: PekkaSomervuo,RistoPellinen,JukkaPiironen,SeppoKorpela,Jouko Ritakari,Mirja Arajärvi,
TaunoTurunen,JanEngelberg, Martti Tiuri.

Figure13: HenryRönnberg, Ari Mujunen,Esko Valtaoja,JanEngelberg, Mikko Parviainen,Mirko Tröller.
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Figure14: Talvikki Hovatta,PekkaSomervuo,RistoPellinen,Tuija Pulkkinen,Kalevi Mattila.

Figure15: IlonaTorniainen,SeppoKorpela,JukkaPiironen,Marko Pekkola,RistoKuittinen,JuhaniPeltonen,
Minttu Koski.
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Figure16: TaunoTurunen,Mirko Tröller.

Figure17: SolveigHurtta,Kalevi Mattila, PekkaSomervuo,JukkaPiironen,SeppoKorpela.
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4 Publications

4.1 Inter national Journals

1 Ciaramella,A., Bongardo,C., Aller, H.D., Aller, M.F., De Zotti,G., Lähteenmäki,A., Longo,G., Mi-
lano,L., Tagliaferri,R., Teräsranta,H., Tornikoski, M., Urpo, S.: A multifrequency analysisof radio
variability of blazars.AstronomyandAstrophysics, Vol. 419,pp. 485-500,2004.

2 Bloom, S.D.,Dale,D.A., Cool, R., Dupczak,K., Miller, C., Haugsjaa,A., Peters,C., Tornikoski, M.,
Wallace,P., Pierce,M.: An optical survey of the positionerror contoursof unidenti�ed high energy
gamma-raysourcesatgalacticlatitude|b|> 20� , TheAstronomicalJournal, Vol. 128,pp. 56-61,2004.

3 Ciprini, S., Tosti, G., Teräsranta,H., Aller, H.D.: Radio- optical �ux behavior and spectralenergy
distribution of theintermediateblazarGC 0109+224.MonthlyNoticesof theR.A.S., Vol. 348,pp.1379-
1387,2004.

4 Heidt,J.,Tröller, M., Nilsson,K., Jäger, K., Takalo,L., Rekola,R., Sillanpää,A.: Evolution of BL Lac
hostgalaxies.AstronomyandAstrophysics, Vol. 418,pp. 813-825,2004.

5 Mattila, K., Tornikoski,M., Tuominen,I., Valtaoja,E.: Astronomyin Finland,ESOMessenges, Septem-
ber2004,pp. 3-11,2004.

6 Villata, M., Raiteri,C.M., Aller, H.D., Aller, M.F., Teräsranta,H., Koivula, P., Wiren, S., Kurtanidze,
O.M., Nikolashvili, M.G., Ibrahimov, M.A., Papadakis,I.E., Tosti, G., Hroch,F., Takalo,L.O., Sillan-
pää,A., Hagen-Thorn,V.A., Larionov, V.M., Schwartz,R.D.,Basler, J.,Brown, L.F., Balonek,T.J.:The
WEBT campaignson BL Lacertae,Time andcross-relationanalysisof optical andradio light curves
1968-2003.AstronomyandAstrophysics, Vol. 424,pp. 497-507,2004.

7 Teräsranta,H., Achren,J.,Hanski,M., Heikkilä, J.,Holopainen,J.,Joutsamo,O.,Juhola,M., Karlamaa,
K., Katajainen,S., Keinänen,P., Koivisto, P., Koskimies,M., Könönen,P., Lainela,M., Lähteenmäki,
A., Mäkinen, K., Niemelä,T., Nurmi, P., Pursimo,T., Rekola, R., Savolainen,T., Tornikoski, M.,
Torppa,J.,Valtonen,T., Varjonen,N., Vilenius,E., Virtanen,J.,Wiren,S.: Twentyyearsmonitoringof
extragalacticsourcesat22,37and87GHz. AstronomyandAstrophysics,Vol. 427,pp. 769-771,2004.

8 Mennella,A., Bersanelli,M., Butler, R.C., Maino, D., Mandolesi,N., Morgante,G., Valenziano,L.,
Villa, F., Gaier, T., Seiffert, M., Levin, S.,Lawrence,C., Maihold, P., Lubin, P., Tuovinen,J.,Varis,J.,
Karttaavi, E., Hughes,N., Jukkala,P., Sjöman,P., Kangaslahti,P., Roddis,N., Kettle,D., Winder, F.,
Blackhurst,E.,Davis, R.,Wilkinson,A., Castelli,C.,Aja, B., Artal, E.,dela Fuente,L., Mediavilla, A.,
Pascual,J.P., Gallegos,J.,Martinez-Gonzalez,E.,dePaco,P., Pradell,L.: Advancedpseudo-correlation
radiometersfor thePlanck-LFIinstrument.AstronomyandAstrophysics,submitted,2004.

9 Ogle, P.M., Davis, S.W., Antonucci,R.R.J.,Colbert, J.W., Malkan, M.A., Page,M.J., Sasseen,T.P.,
Tornikoski,M.: Multiwavelengthobservationsof radiogalaxy3C120with XMM- Newton. Astrophys-
ical Journal,submitted,2004.

10 Pian, E., Foschini, L., Beckmann,V., Sillanpöö,A., Soldi, S., Tagliaferri, G., Takalo, L., Barr, P.,
Ghisellini,G., Malaguri,G., Maraschi,L., Palumbo,G.G.C.,Treves,A., Courvoisier, T.J-L.,Di Cocco,
G.,Gehrels,N., Giommi,P., Hudec,R.,Marcowith, A., Pursimo,T., Raiteri,C.M.,Savolainen,T., Sikor,
M., Tornikoski,M., Tosti,G.,Türler, M., Valtaoja,E.,Villata, M., Walter, R.: INTEGRAL observations
of the�eld of theBL LacertaeobjectS50716+714.AstronomyandAstrophysics,submitted,2004.

11 Torniainen,I., Tornikoski,M., Teräsranta,H., Aller, M.F., Aller, H.D.: Longtermvariability of inverted-
spectrumsources.AstronomyandAstrophysics,submitted,2004.

4.2 Inter national Conferences

1 Parviainen,M., Lähteenmäki,A., Tornikoski, M., Valtaoja,E.: Quick DetectionSystem(QDS) for
Planck.Abstractsof the2ndPlanck Symposium, Orsay, France26-30.1.2004.
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2 Lähteenmäki,A., Tornikoski, M., Parviainen,M., Torniainen,I., Valtaoja,E.: The Metsähovi/Tuorla
Planckcollaboration:observationsandanalysisof thedata. Abstractsof the2ndPlanckSymposium,
Orsay, France26-30.1.2004.

3 Tornikoski,M., Lähteenmäki,A., Torniainen,I., Parviainen,M., Nieppola,E., Tröller, M., Valtaoja,E.,
Trushkin,S.: Identi�cation of new inverted-spectrumsources.Abstractsof the2ndPlanckSymposium,
Orsay, France26-30.1.2004.

4 Tornikoski, M., Lähteenmäki,A., Torniainen,I., Parviainen,M., Nieppola,E., Tröller, M., Saloranta,
P-M., Valtaoja,E., Trushkin,S.A.,Nizhelskij,N.A.: High radio-frequency studyof a completesample
of BL LacertaeObjects.Abstractsof the2ndPlanckSymposium,Orsay, France,26-30.1.2004

5 Tuovinen,J., Varis, J., Hughes,N., Jukkala,P., Sjöman,P., Ovaska,S., Laaninen,M., Mandolesi,N.,
Bersanelli,M., Butler, C.,Hoyland,R.: PlanckMissionwith advancedcryogenicmm-andsubmm-wave
receiver arrays.IEEEAerospaceandElectronicsConference,Boston,January2004.

6 Ritakari,J.,Mujunen,A.: Gbit/sVLBI andeVLBI with Off-The-ShelfComponents.IVS 2004General
MeetingProceedings,Ottawa,Canada,9-11.2.2004,pp. 182-185,2004.

7 Mujunen, A., Ritakari, J.: VLBI2010: Commercial-off-the-ShelfTechnologyPerspectives in 1996,
2003,and2010. IVS 2004GeneralMeetingProceedings,Ottawa, Canada,9-11.2.2004,pp. 56-59,
2004.

8 Lähteenmäki,A.: Planckextragalacticforegroundsources.The3rd ENIGMA meeting,Jerisjärvi,Fin-
land,26-28.4.2004,Proceedingsof the3rdENIGMA meeting,TuorlaObservatory,
http://www.lsw.uni-heidelberg.de/users/swagner/E�les/proceedingsEM3.pdf,pp.278-293,2004.

9 Lähteenmäki,A., Tornikoski, M., Tröller, M., Parviainen,M., Torniainen,I., Hovatta,T., Saloranta,
P-M.,Nummila,S.,Ojala,T., Ranta,M.: Metsähovi andJCMTobservations..The3rdENIGMA meet-
ing, Jerisjärvi,Finland,26-28.4.2004,Proceedingsof the 3rd ENIGMA meeting,Tuorla Observatory,
http://www.lsw.uni-heidelberg.de/users/swagner/E�les/proceedingsEM3.pdf,2004.

10 Torniainen,I., Tornikoski,M., Teräsranta,H., Aller, M.F., Aller, H.D.: Longtermvariability of inverted-
spectrumsources. Proceedingsof the 4th ENIGMA meeting,Perugia,Italy, 6.-8.10.2004,eds. G.
Ghisellini,S.Ciprini, G. Tosti,pp. 144-146,2004

11 Tröller, M., Tornikoski, M., Valtaoja,E: Host Galaxiesof CompactSteepSpectrumRadio Sources.
Proceedingsof the4thENIGMA meeting,Perugia,Italy, 6.-8.10.2004,eds.G. Ghisellini,S.Ciprini, G.
Tosti,pp. 156-1592004

12 Courvoisier, J-L.,Türler, M., Chernyakova,M., Favre,P., Walter, R.,Deluit, S.,Staubert,R.,Stuhlinger,
M., Tornikoski,M., Valtaoja,E., Bourban,G., Robson,I.: Integral observationsof thebright quasar3C
273.5th IntegralWorkshop,Munich,16-20.2.2004,AbstractsBooklet,p. 113,2004.

13 Collmar, W., Böttcher, M., Burwitz,V., Courvoisier, T., Komossa,S.,Kretschmar, P., Nieppola,E.,Nils-
son,K., Ojala,T., Pottschmidt,K., Pasanen,M., Pursimo,T., Sillanpää,A., Takalo,L., Tornikoski,M.,
Ungerechts,H., Valtaoja,E., Walter, R., Webster, R., Whiting, M., Wiik, K., Wong,I.: Multifrequency
observationsof thegamma-rayblazar3C279in low-stateduringintegralAO-1. 5th IntegralWorkshop,
Munich,Germany, 16-20.2.2004,AbstractsBooklet,p. 116,2004.

14 Heidt, J., Tröller, M., Nilsson,K., Jäger, K., Takalo,L., Rekola, R., Sillanpää,A.: Evolution of BL
Lachostgalaxies.TheInterplayamongBlackHoles,StarsandISM in GalacticNuclei. Proceedingsof
IAU SymposiumNo 222,Rio Grandedo Sul,Brasil 1-5.3.2004,Th. StorchiBergmann,L.C. Ho, H.R.
Schmitt(eds.),pp. 521-522,2004.

15 Ogle, P.M., Davis, S.W., Antonucci,R.R.J.,Sasseen,T.P., Colbert, J.W., Malkan, M.A., Page,M.J.,
Tornikoski,M.: X-ray spectroscopy of radiogalaxy3C 120,Proceedingsof theX-ray/radioconnection
conference,SantaFe,3-6.2.2004,submitted,2004.

16 Savolainen,T., Wiik, K., Valtaoja,E., Tornikoski, M.: An extremely curved relativistic jet in PKS
2136+141.Proceedingsof the7thEuropeanVLBI Network Symposium,Toledo,Spain,October12-15,
2004,editors:Bachiller, R.,Colomer, F., Desmurs,J.F., deVicente,P., submitted,2004.
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17 Krichbaum,T.P., Graham,D.A., Alef, W., Kraus,A., Sohn,B.W., Bach,U., Platidis,A., Witzel, A.,
Zensus,J.A.,Bremer, M., Greve,A., Grewing, M., Doeleman,S.,Phillips,R.B.,Rogers,A.E.E.,Fagg,
H., Strittmatter, P., Zurys,L., Conway, J.,Booth,R.S.,Urpo,S.: Towardstheeventhorizon- thevicinity
of AGN at micro-arcsocondresolution.Proceedingsof the7th EuropeanVLBI Network Symposium,
Bachiller, R., Colomer, F., Desmurs,J.F., de Vicente,P. (eds.),October12-15,2004,Toledo,Spain,
submitted,2004.

18 Dodson,R., Tingay, S., WestmC., Phillips, C., Tzioumis,A., Ritakari, J., Briggs,F.: The Australian
experiencewith the PC-EVN recorder. Proceedingsof the 7th EuropeanVLBI Network Symposium,
Bachiller, R., Colomer, F., Desmurs,J.F., de Vicente,P. (eds.),October12-15,2004,Toledo,Spain,
submitted,2004.

4.3 Laboratory Reports

1 Tornikoski, M., Mujunen,A.(editors): Metsähovi RadioObservatoryAnnualReport2003. Metsähovi
ReportsHUT-KURP-28,34p., 2004.

2 Urpo,S.HajatarinoitaKurpitsanhistoriasta.Metsähovi ReportsHUT-KURP-29,76p., 2004.

3 Urpo, S., Puhakka,P., Mujunen,A., Oinaskallio,E., Tornikoski, M., Lindfors, T., Teräsranta,H.: Au-
rinkomittausohjeetja aurinkopurkaustenpiirto ja kalibrointi Metsähovissa2004. Metsähovi Reports
HUT-KURP-30,18p., 2004.

4 Urpo,S.,Tornikoski,M., Mujunen,A., Oinaskallio,E., Lindfors,T.: Major solarradio�ares measured
atMetsähovi in 2003.Metsähovi PublicationsonRadioScienceHUT-MET-50,36p., 2004.

4.4 Other Publications

1 Parviainen,M.: PistelähteidennopeaerotteluPlanck-satelliitindatasta.Master's thesis,2004.

2 Dodson,R., Tingay, S., West,C., Hotan,A., Phillips, C., Ritakari, J., Briggs, F., Torr, G., Quick, J.,
Koyama,Y., Brisken,W., Reid,B., Lewis, D.: TheAustralianexperiencewith thePC-EVNrecorder.
TechnologyDevelopmentCenterNews, NationalInstituteof InformationandCommunicationsTech-
nology, SerialNo. 24,2004.

5 Visits to Foreign Institutes

JIVE, Dwingeloo,The Netherlands,Conversionandcorrelationof ESA HuygensprobeTitan descentdata
recordedin Australia,26.9-1.10.2004and2-7.12.2004,A. Mujunen

OnsalaSpaceObservatory, Sweden.EVN CBD meeting14.-15.5.2004,M. Tornikoski,A. Mujunen.

Landessternwarte,Heidelberg, Germany, 9.5-12.6.2004and14-18.10.2004,M. Tröller

6 Visiting Scientists

AlexanderEliseev, IAP, Russia
Igor Kuznetsov, IAP, Russia
Andrey Perminov, IAP, Russia
AlexanderShtanyuk, IAP, Russia
Dr. Vyacheslav Vdovin, IAP, Russia
Dr. Igor Zinchenko, IAP, Russia
Prof.A. V. Stepanov, Pulkovo Observatory, Russia
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Dr. A. G. Kislyakov, IAP, Russia
Dr. V. V. Zaitsev, IAP, Russia

7 Thesis

Master's thesis

Parviainen,Mikko M.Sc.Tech)thesis“ QuickPointSourceExtractionFromPlanckSatelliteData”,supervised
by M. Tornikoski.

8 Teaching

RadioAstronomycourse,autumn2004(M. Tornikoski,A. Lähteenmäki)

Radioastronomicallaboratoryexercisefor spacetechnologystudents,spring2004(A. Lähteenmäki)

Lecturerat the “Cosmologyand the Plancksatellite” summerschoolof the Academyof Finlandgraduate
schoolfor astronomyandspacephysics(31.5–4.6.2004,TuorlaObservatory)(A. Lähteenmäki)

6 hoursof lecturesaboutsingle-dishblazarradio astronomyat the ENIGMA winter school(EU-fundedre-
searchtrainingnetwork for AGN variability studies),Jerisjärvi,Finland,April 2004,M. Tornikoski.

9 Other Activities

Refereefor AstrophysicalJournal,M. Tornikoski.

Refereefor aproposalfor theJamesClerkMaxwell Telescope(JCMT),M. Tornikoski.

Refereefor GlobalMillimter-VLBI Array (GMVA) proposals,M. Tornikoski.

2004 Refereefor the sciencecompetition“Viksu” for high schoolstudents,arrangedby the Academyof
Finland.M. Tornikoski.

Evaluatorof thedocentureapplicationof Dr. DianaHannikainen,HelsinkiUniversity. M. Tornikoski.

9.1 Participation in Boardsand Committees

Steeringgroupmemberof theAcademyof Finlandgraduateschoolof astronomyandspacephysics,A. Läh-
teenmäki.

Memberof thescienti�c organizingcommitteeof “CosmologyandthePlancksatellite”summerschoolof the
Academyof Finlandgraduateschoolfor astronomyandspacephysics(31.5–4.6.2004,Tuorla Observatory)
A. Lähteenmäki.

Local coordinatorfor theEC researchtrainingnetwork ENIGMA (“EuropeanNetwork for the Investigation
of GalacticnucleithroughMultifrequency Analysis”). M. Tornikoski.

Memberof thesteeringgroupof ANTARES(Academyof FinlandandNationalTechnologyAgency Research
Programmefor SpaceResearch).M. Tornikoski.

Memberof theTEKESsteeringcommitteefor Planck70GHz instrument.M. Tornikoski.
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Memberof theFinnishAstronomicalAdvisory Groupfor theESOproject“Developmentof distributeddata
analysissystemfor extensive astronomicaldata”,a.k.a.“Sampo”.M. Tornikoski.

Memberof theTEKESsteeringcommitteefor theSampoprojectfor ESO.M. Tornikoski.

Finland's representative to theESOUsers'Committee.M. Tornikoski.

9.2 Inter national Meetingsand Talks

The2ndPlanckSymposiumin Paris,France,26–30.1.2004,A. Lähteenmäki,M. Parviainen

3rd IVS GeneralMeeting,Ottawa,Canada,8–13.2.2004,J.Ritakari

EVN TechnicalandOperationsGroup(TOG)meeting,Wettzell,Germany, 31.3–2.4.2004,J.Ritakari

The3rd ENIGMA meeting,Jerisjärvi,Finland,26–28.4.2004,A. Lähteenmäki,Talk “Host galaxiesof CSS
radiosources”M. Tröller, M. Tornikoski,E. Valtaoja

EVN ConsortioumBoardof Directors(CBD)meeting,Onsala,Sweden,14–15.5.2004,A. Mujunen,M. Tornikoski

“Compactradiosources”seminartalk at theLandessternwarteHeidelberg, Germany, 9.6.2004,M. Tröller

Digital Backends+ digital BBC meeting,MPIfR, Bonn,Germany 6–7.9.2004,J.Ritakari

The 4th ENIGMA meeting,Perugia,Italia, 5–9.10.2004,I. Torniainen,Talk “Host galaxiesof CSSradio
sources”,M. Tröller, M. Tornikoski,E. Valtaoja

3rdeVLBI Workshop,Makuhari,Japan,6–7.10.2004,J.Ritakari

9.3 National Meetingsand Talks

AMS Meeting,Turku,Finland,6.4.2004and25.11.2004,A. Mujunen

Evolutionof BL Lachostgalaxies,seminartalk at theHelsinkiUniversity, Observatory, 31.3.2004,M. Tröller

9.4 Participation in winter and summerschools

ENIGMA winterschool,Jerisjärvi,Muonio19–25.4.2004,I. Torniainen,M. Tröller

CosmologyandPlancksummerschool,Tuorla, Piikkiö 31.5–4.6.2004,T. Hovatta,M. Parviainen,I. Torni-
ainen

Graduatecoursesin physics,UniversityHeidelberg, Germany, 11–15.10.2004,M. Tröller

9.5 Public Relations

Studiageneraliaanda studentdebateaboutmannedspace�ight at the University of Tampere,March 31st,
review talk by M. Tornikoski.

NewspaperAamulehti,March29th,interview with M. Tornikoski aboutmannedspace�ight.

NewspaperAamulehti,March31st,articleaboutthelecture& debateeventat theUniversityof Tampere.

NewspaperKirkkonummensanomat,April 1st,aboutthe30thanniversaryof Metsähovi.
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NewspaperVästraNyland,April 2ndandApril 7th,aboutthe30thanniversaryof Metsähovi.

NewspaperLänsiväylä,April 4th,aboutthe30thanniversaryof Metsähovi.

TV2 News,April 5th17:50,aboutthe30thanniversaryof Metsähovi (interview with M. Tornikoski).

NewspaperHelsinginsanomat(Sciencesection),May 11th,aboutthe30thanniversaryof Metsähovi.

Radioprogram“Radiaattori”at Yle Radio1, April 7th, 10:03–10:43,aboutMetsähovi researchprojectsand
geodeticVLBI, interview with M.Tornikoski,A. Mujunen,M. Poutanen(FGI) andJ.Piironen(FGI).

GeneralMetsähovi toursandshorttalksaboutradioastronomicalresearchto many visiting groups,S. Urpo,
H. Teräsranta,M. Tornikoski,E. Oinaskallio.

29



10 Personnelin 2004

PermanentPositionsfunded by the Helsinki University of Technology

Urpo,Seppo,Prof.,Dr.Tech. Directorof theinstituteuntil 29.2.2004 Seppo.Urpo@hut.�
Docent,professoremeritus

Tornikoski,Merja,Dr.Tech. Acting directorof theinstitute Merja.Tornikoski@hut.�
from 1.3.2004,appointeduntil 31.12.2006
Docentof RadioAstronomyand
SpaceTechnology
AcademyResearchFellow, until 29.2.2004
Academyof Finland,ResearchCouncil
for NaturalScienceandEngineeering

Hurtta,Solveig,Ms. DepartmentSecretary, part-time Solveig.Hurtta@hut.�
Mujunen,Ari, M.Sc.(Tech) Laboratoryengineer Ari.Mujunen@hut.�
Oinaskallio,Erkki, Mr. Technician,full-time 1.1-31.7.2004 Erkki.Oinaskallio@hut.�

part-time1.8-31.12.2004
Peltonen,Juhani,Dr.Tech. Laboratoryengineer, part-time jussi@kurp.hut.�
Rönnberg, Henry, Mr. Mechanician

Scienti�c and TechnicalStaff Fundedby Research Contracts

Hovatta,Talvikki, student Researchassistant,part-time1.1-31.5.2004 tho@kurp.hut.�
full-time 1.6-31.8.2004,
part-time1.9-31.12.2004

Koski,Minttu, Engineer Researcher, part-timeuntil 31.7.2004 minttu@kurp.hut.�
Kotiranta,Mikko, student Researchassistant,full-time 17.5-31.8.2004

part-time13.9-31.12.2004
Liljeström,Tarja,Dr.Phil. Researcher, part-timeuntil 31.8.2004 tml@hut.�
Lindfors,Timo, student non-militaryserviceuntil 6.7.2004 lindi@kurp.hut.�

researchassistant,full time13.7-31.8.2004
part-time18.10-31.12.2004

Lähteenmäki,Anne,D.Sc.(Tech.) Researcher alien@kurp.hut.�
Parviainen,Mikko, M.Sc.(Tech.) Researcher pare@kurp.hut.�
Ritakari,Jouko, M.Sc.(Tech) Researcher jr@kurp.hut.�
Saloranta,Pia-Maria,M.Sc. Researchassistant,part-timeuntil 31.8.2004 pia@kurp.hut.�
Sjöman,Pekka,M.Sc.(Tech) Researcher, 1.1-29.2.2004 psj@kurp.hut.�
Teräsranta,Harri, Dr.Tech. Researcher, until 30.6.2004 hte@kurp.hut.�
Torniainen,Ilona,M.Sc.(Tech) Researcher ilo@kurp.hut.�
Tröller, Mirko, M.Sc. Researcher mtr@kurp.hut.�

Metsähovi Advisory Committee

Korpela,Seppo,Dir. Tanskanen,Pekka,Prof.
Pellinen,Risto,Prof. Tiuri, Martti, Prof.emer., M.P. (Chair)
Somervuo,Pekka,Dr.Tech. Urpo,Seppo,Prof. (Secretary)
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