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1 Intr oduction

Metséhei Radio Obsenatory, a separataesearchinstitute of the Helsinki University of Technologysince
May 1988, operatesa 14 m diameterradio telescopan Metsahei, Kylmalain Kirkkonummi,about35 km
westfrom the Otaniemiuniversity campus.

Metsahei is active in the following elds: radio astronomicalesearchand spaceresearchdevelopmentof
instrumentandmethodgor radioastronomyand(radio)astronomicaéducationln 2004alsogeodeticVLBI
obsenationswerestartedn Metsahei in collaborationwith the FinnishGeodetidnstitute.

Around 13 scientists,engineersresearchassistant@nd supportpersonnelwork at the obsenatory Six of
the employeesare fundedby the Helsinki University of Technology andthe othersby researctprojects -
nancednainly by the Academyof Finland.In 2004thetotal expenditureof the Metsahei RadioObsenatory
wasabout685 000 euros,including salariesandthe rent of the of ce andlaboratoryspaceat the Metsahei
premisesThiswas nancedby HelsinkiUniversity of Technology(65 %), Academyof Finland(25 %), Euro-
peanUnion (6 %) andotheroutsidesourceg4 %). Unfortunatelythefundingsituationhasbeengettingworse
duringthe recentyears,forcing usto cut backexpenditureon mary items,including both scienti ¢ research
aswell asmaintenancandtechnicaldevelopmentissues.

Year2004markedthe endof anerain Metsahei: thelong-termdirectorof Metséhei, professoiSeppaJrpo,
retiredattheendof FebruaryandDr. Merja Tornikoskiwasappointedheactingdirector SeppaJrponow has
a professoremeritusstatusandstill works on the Metsdhei Solardatabasendoften visits the obsenatory.
During his rst weeksof retirementSeppoalsowrote the early history of Metséhei (at the requestof the
presentstaf—we realizedthat Seppois the only personwho knows all the detailsand anecdoteselatedto
the early history of Metséhei). Thesememorandavere publishedin the Metsdhei publicationseries(in

Finnish),andthey area vivid collectionof the eventful early history, endingat the Metséhai “First Light”.

We aregratefulto Seppofor having spenthis long careermakingMetséhai a top notchinternationallevel
radio astronomicakesearchnstitute,andwe are also happy that he wrote and publishedthe early history;
whichis bothinformative andvery entertaining.

On April 6th 2004 Metsahai celebratedts 30th anniversary We celebratedhis event, “30 Yearsof Radio
Astronomyin Finland” with colleaguescollaboratorsandhigh-level guestsfor examplefrom the Ministry
of Education. The programmeconsistedof a short presentatiorof Metséhei's recentdevelopmentsand
achiezementdy Merja Tornikoski, cocktailsinsidethe radome a tour of the Metsahei premisescoffeeand
cake, andtalks aboutthe history of Metsahei by the two former directors,professoremeritaeMartti Tiuri
andSeppoUrpo.



2 Reseach Activities

In this chapterthe main researchactiities at Metséhei areintroduced. Someof the projectteamsinclude
alsoscientistavorking at otherinstitutes.The contactpersonat Metsahei is underlinedin eachprojectteam
list.

2.1 Radio Astronomical Instrumentation

ResearclGroupatMetsahei: Tornikoski, PeltonenMujunen,Oinaskallio,Ritakari,R6nnbeg, SjomanUrpo

2.1.1 3and2mm SIS Recevers

Projectteam:PeltonenMujunen,Oinaskallio,Urpo

A new mm-wave SlISrecever for 3 and2 mm wavelengthsdesignedat Institute of Applied Physics, Russian
Academyof SciencesNizhny Novgorod, Russia,was deliveredto Metsahei in 2003. During 2004 some
improvementgo the front end,the LO systemandIF processinginit were performedby the IAP personnel
togetherwith Metsah@i engineers. The recever shaved stability problemsof the IF outputlevel on the

antennasa functionof the elevationangle. These uctuationswere nally suppressetb anacceptabldevel

in orderto make VLBI obsenrationspossible.Repairingor upgradingthe SIS front endis a very tediousjob

becausehe recever always needsto warm up, the dewvar mustbe opened,anda new cooling cycle started
(whichtakesabout12 hours)aftertherepairoperation.

The dual channelSIS receiver was tunedfor a signal centerfrequeng of 86.251GHz. For the front end

adjustmentwo backshortspias voltagesfor the SIS junctionsand LO power levels for both mixers must
be remotelycontrolledfrom the control room with a computerin orderto achiese the bestsensitvity. The

averagenoisetemperaturatthis signalfrequeng wasaroundl00K. Basicallythereexiststhreemaininherent
dravbacksin SISreceverscomparedo old Schotthy mixerrecevers. TheLO powerisfedin anopenstructure
with lensesmirrors anda beamsplitter which re ects only a fraction of the LO power to the mixer andthe

mainpartis wastedo anabsorberEvenasmallchangen this ervironmentwill causd.O power level to vary

andthatwill directly affectthe outputlF level. The biasvoltagefor SISjunctionis around5 mV (compared
to Schotth’s 700mV), thusary electricalinterferencerom outsidecanhave an adwerseeffect to the output
stability. Thethird dravbackis thatthe SISreceverfront endcannotbetestedatall atroomtemperature.

The LO sourcefor the 3 mm recever is an InP Gunn oscillator Due to the fact that the outputfrequeng
is a monotonicfunction of the biasvoltage,the phasdocking canbe accomplishedvith the adjustableDC
power supply Theoutputfrequeng of the Gunnoscillatormountcanberemotelyadjustedy a coarsguning
micrometerandin the sameway the optimumoutputpower level setby a adjustablebackshort.Part of the
LO signalis fed to a harmonicmixer andis mixed with a X-bandfrequeng standardderived from a Rohde
& Schwarz synthesizer The rst IF frequeng of the PLL systemis selectedo be 275 MHz, thusf(LO) =
Nxf(snt)+275MHz. The harmonicmixer seemgo favour odd harmonicnumbersj.e. N=9 is selected With
this schemehe synthesizefrequeny is setto f(snt) = 9.114GHz andthe desiredLO outputfrequeng of
82.301GHz can be exactly stabilized. The PLL IF signalis divided by 11 in orderto performthe phase
comparisorat 25 MHz. This signalcanbe monitoredin the control room with a spectralanalyzerallowing
thespectralpurity to beoptimized.If the PLL fails, analarmsignalis sentto the controlcomputer

Oneof the mary problemswith the phasdocking wasthe tendeng of the Gunndiodefor biasoscillations
which cancausea permanentailure of the diode. This problemwassolved by a suppressiowrircuitry at the
outputof the biassupply This protectve circuit has,however, an unfavourablein uence onthe PLL system
asit decreasetheloop bandwidth.A suitablecompromisébetweerthesewo contradictoryrequirementsvas
found,andthe phasdocking provedto bereliableduringthe measuremergession.

Two new circularpolarizersweredesignedandfabricatedwith centrefrequencie®f 86 and147 GHz, respec-
tively. The materialusedfor bothis STYCAST 0005low lossplasticmaterialwhich is hardenoughto allow
machiningwith highaccurag. Thepolarizersareconstructeaf consecutie groovessymmetricallymachined



on bothsidesof the solid supportmaterial. The groove widthsandtheridgesbetweerthe groovesare0.5mm
for 86 GHz and0.3mm for 147 GHz, respectiely. The solid supportmaterialthicknesss selectedo be one
wavelengthin the dielectricmaterial(e; = 2.54) which givesthe following values: 2.2 mm for 86 GHz and
1.28mm for 147 GHz. The performanceof thesepolarizerscannotbe measuredt our Obsenatory. How-
ever, anotherpolarizerdesignedand manuficturedwith the sameprincipleswasmeasuredn 2002at IRAM

(Grenoble)andresultscon rm thatit exhibits the desiredohaseshift andhasvery low transmissiorosses.

2.1.2 Recever Maintenanceand Upgrades

Projectteam:PeltonenOinaskallio,R6nnbeg

During2004both22 GHzand37 GHz old Dicke-switchedcontinuunmrecevers(which areusedduringmostof
thetelescopeimeallocation)operatedvithoutary failure. However, therehave ariseddoubtshow longtheLO
sourceswill survive. Both of themhave a GaAsGunnoscillatormountasa LO andit is well knowvn thatthese
deviceshave only alimited life time becaus®f thelow ef ciency andthusahigh operationemperaturef the
semiconductomaterial. For this reasorplansto replacethesein caseof failure have beenmadein adwvance.
A YIG oscillatorwith anoutputof +13 dBm andcenterfrequeny of 11 GHz followed by a power ampli er
anda doublergivesenoughpower at 22.2 GHz to drive the mixer. The frequeng of the YIG oscillatorcan
be coarsetunedby a tuning voltagewhich musthave very smallripple to createa spectrallypuremicrovave
signal.For the37 GHzreceverthe Gunnoscillatorcanbereadilyreplacedy a similar commerciabscillator
usedin the 37 GHz Solarrecever. Thisrecever hasnotbeenusedmuchduringthelastyears.

Figurel: VLBI phasecalibratorunit.

Phasecalibrationis essentiafor VLBI obsenations. A unit which canbe usedfor both Geo-VLBI recever
and22 GHz recever wasconstructedThe basicphasecalibratorwasdesignedht Istituto di Radioastronomia
(IRA), Italy, andit givesatrain of pulseswith 1 MHz separatiomeneratedrom the5 MHz frequeng standard.
Thestrengthof the spikesis of coursehigheratlower frequenciesndwill diminishwith increasindgrequeng
upto K-band.With two cascadedirectionalcouplersappropriatdbandscanbeselected,rst for Geo-receier
(SandX bands)andsecondlyfor ary VLBI-receiver which usesthe standardF outputof 500-1000MHz.



The schemds basedon the factthat stripline couplershave a limited bandwidthfor the coupled(usually20
dB coupling)port but thethru port passesctuallyall frequenciesip to K-band.

2.1.3 IT Infrastructur e

ProjectTeam:Mujunen Lindfors

Metsahei computingfacilities are basedon networked Linux computers.A coresetof Linux seners offer
general-purposandobsenationaldatastorage Anothersetof dedicated.inux controlcomputersnanagehe
telescopedataacquisition,andauxiliary servicessuchasGPSreceversandweatherstations Finally, alarger
setof Linux workstationgunningthe X Window Systemprovide accesso Metsahei personnel.

Apart from the centralseners, the installedbaseof general-purposworkstationsis agingrapidly with the
meanageof morethan6 years.This hasto beaddresseth thenearfuture. After severethunderstorndamage
in July 2003, the local areanetworking equipments, on the otherhand,sufciently adwanced.featuringa
gigabit Ethernet ber -optic backboneandfour 24-port10/100megabit port wire-speedswitches.Two Allied
Telesynswitcheswere acquiredto allow for the lengtty repairprocessof the existing two Hewlett-Packard
switches. In additionto these,the experimentalfour-PC VSIB VLBI disk-acquisition‘tower” (seesection
2.2)featurests internal8-portgigabit switch. Thenew Allied Telesynswitchesallow easysenerconnectvity
with their extra copperbasedjigabit Ethernetports,andthis is plannedfor the central“/home ” and“/data ”
NFSseners.

Theobsenatorysitewasconnectedo thelnternetusinga2 Mbpsdedicatedeasedine. As its monthlyleasds
approximatelyfty timesmoreexpensve thanaregularasymmetri Mbps/512kbpsADSL line, the2 Mbps
dedicatedine wasterminatedat the endof year

Thereplacemenivasaccomplishedvith two 2 Mbps/512kbpsADSL linesfrom two differentserviceproviders.
Thesdinesareusedto establisha Virtual PrivateNetwork (VPN) tunnelto Otaniemicampus.Theconnection
utilizesLinux multilink pppdandOpenSSHencryptedl CPtunnelsasthetransportfor pppd.

However, the emeging eVLBI datatransfertests(seesection2.2) would necessitate signi cantly faster
1-2 gigabit link to the CSC/FUNETbackbone. Initial requestfor a quotationwas sentto several service
providers,andindeedsolutionsare generallyavailable,including the preferablesolutionof leaseddark ber
giving accesgo multi-gigabit bandwidthswith COT'S low-costequipment.The applicationfor fundsto start
acquiringthe ber hasbeen nally approsedattheuniversityfor 2005.

Boththe“/home " and“/data " NFSsenerswith AMD Athlon 1GHz-clasgrocessorand512MB of memory
have beenupgradedo 250GB.A subsequennemory/processarpgradds plannedor “/home ” in 2005.The
existing disk subsystemslo not usea Linux RAID setupfor simplicity. However, they do featurea “li ve”
backupof anequalamount(250GBfor both*/home ” and“/data ") of regularIDE disk space.

“/home” and“/data " areasandtheirbackupsave beensupplementedith anoff-site“rsync ” remotebackup
sener with a perpetualaily snapshotapability This kind of triple redundang haseliminatedthe needfor
DAT tape-basethackupswhich have proved to be impossibleto make without an automatedapeswitcher
This sener is locatedat Otaniemicampusandit featuresA00GB of snapshospacefor “/home” and250GB
for “/data "

IDL remainsatversion5.4 on “kurp.hut.fi " (2 oating licenses)Matlabwith sharedicensesupportfrom
theuniversity computingcentrealsoremainsat version6.0 on “kurp.hut.fi "

For electronicgdevelopment PADS (Mentor) PaverLogicandPonverPCB5.1wereusedtogethemwith Xilinx
Foundationv2.1i VHDL tools for FPGA development. For future FPGA projects,an upgradeto the latest
Xilinx ISEVHDL environmentis planned aswell asthe upgradeo Mentor PADS2005release.



2.1.4 NewObsewational Hardware

ProjectTeam:Mujunen Oinaskallio,R6nnbeg

Thelong-awvaitedremotecontrolof theradomeheatemwas nally completectloseto Christmas2004.Its con-
trol systemwashbuilt usinga small programmabldogic controller (CreuzetMillennium 11) to facilitate both
manualandcomputerinvoked controlandsafetyfeatureqtime limits, automaticswitch-of if overtime). Re-
motecontrolintegrateswith the existing ADAM/NUDAM RS-485controlnetwork andits standard dammer”
TCP/IPsener software. A similar remotecontrol wasestablishedor both 22 GHz and 37 GHz continuum
recever calibrationnoisediodes too.

Figure2: Radomeheateremotecontrolunit.

Theantiqueantenngedestahoistwinch, which hadnotbeenusedsinceapproximatelyl 985,wasdismantled
andremoved from the pedestafor a completerevampandupgradeof the winch construction.This is being
performedn-houseby Mr. R6nnbeg with the maindesigngoalthatrecever swapscanbe performedwithout
manualcarryingandlifting of the heary recever compleces at the antenngpedestal. This shouldfacilitate
one-marpperationduring recever swaps,aswell asmake handlingof heary andbulky receverssuchasthe
geodeticS/X andthe 2/3mmSISrecever muchmoreacceptable.

2.1.5 Automatization of Quasar Observations

ProjectTeam:Tornikoski, Hovatta,Kotiranta,Lahteenmé&kiMujunen,Oinaskallio

The automatizatiorof quasarobsenationshasbeenanimportantprojectin 2004. In orderto save resources
andmanpaver for actualscienti ¢ work insteadof having researctstaf personallyrun routineobsenrations
24 hoursa daythroughthewholeyear we have developedsereralcomputeprogrammeshatassistobsenrers
in the variousphasef the obseration procesqFigure 3). This systemdoesnot performfully automated
obsenations,but humaninterventionis needednly at certaincritical stagesNow practicallyeverythingcan
be run alsoin a remotemode(for example,obsenrer's home). Thusa researchecantake careof a 24 hour



observingshift andstill getsomeotherwork done,plussufcient sleepduringthe night. However, sometime
mustbespentontakingcareof thepointingandcalibrationchecks andplanningobservindists for automated
observingperiods(which typically lastfor severalhoursbut only rarelyafull nightor more).

AUTOMATIZATION of QUASAR OBSERVATIONS

AUTOMATIC
OBSERVATION OBSERVER
LISTS
. - webpage
- assisting program
ANTENNA
& OBSERVING SOFTWARE
DOME
WEATHER
MONITORING PROCESSING OF
SYSTEM CONTOBS OUTPUT
- assisting program
HEATER FINAL RESULTS
- computer - webpage o
operated - sourcelist & visualization

Figure3: Automatizationof quasamobsenrations.

In orderto make automaticobsenations,a list of sourceshasto be fed into the computer One of the new
programmedelpsthe obserer in selectingsuitablesourcedor theselists (thatis, sourceghatarevisible at
theright time andin theright directionof the sky). It alsotakescarethatthelist is in a correctformat.

Anotherprogrammesenesasan interactve sourcelistandvisualizationtool. The programmefor example,
noti es usersif somesourceshave not beenobsered for a long time, andit canalsodrav lightcurves of
the sources Obsenrerscansethigh priority marksto interestingsourcesmanagethe sourcelist accordingto
the recentbehaiour of the sourcespr to point out requestsrom our collaboratorg aring sourcestargets
of multifrequengy campaignsetc.). This tool hasbecomeincreasinglyimportantdueto the large numberof
source®n our mastersourcdist: it is very dif cult for theobserersto befamiliarwith eachindividual object
on thelist, sothe priority systemandthe attachednformation elds actasa guide for makingthe choices
whendesigninga sourcdlist for the shift's obsenations.

Theoutputof theobservingsoftwareis raw data,from whichonly certainpartsareneededo calculatethe nal
results.Moreover, weatherdatahasto be takeninto accountwhenreducingthe data. The manualderivation
of the nal resultsis rathertime consumingandthusa programmewasdevelopedto gatherthe neededdata
andto attachthe correctweatherinformationto it, sothatthe needfor manualresultlog keepinghasbeen
eliminated.

The computercontrol of the radomeheatemwas nished in Decembe004. The heatercanbe operatedeven
with aremotecomputeywhichmakesremoteobsenationspossiblealsoafterrainor snaw fall. Timedheatings
canbeimplementedaswell.

Besidesthe automatizationchangesvere madealsoin the areasof managementf obsenration shifts and
information exchangebetweenthe membersof quasarmonitoring projectin orderto make the observing
sessionsnore uent andef cient. Thekey factorin this progresshasbeenawebpagen which all theneeded



informationaboutquasaobsenrationsis collected.

AcknowledgementsOur teamthanksMr. Erkki Jussila/ HeinolanPoltinohjausOy for kindly providing us
with the necessarpardwareandexpertisethatwasrequiredto completethe remotecontrol of the heater

2.1.6 Clock DifferenceMeasurements

Projectteam:Koski, Oinaskallio,Mujunen

Thedesignof “Clodi” clock differencecounterwascompletedn 2004anda protypeseriesof ve unitswas
manufctured.Theinternalsof thelatestrevision, “Clodi 6” is shavn if Figure4.

Figure4: Clodi 6.

2.2 Developmentof Next Generation VLBI Recording Systems

Projectteam:Ritakari Mujunen

Sincetheearly1990s Metséhei RadioObsenatoryhasbeenoneof thefew institutesin theworld whereVery

Long Baselinelnterferometry(VLBI) dataacquisitionsystemshave beenconstructecanddevelopedfurther.

Recentlyourteamhasfocusedon transformingCommerciallyAvailable Off-the-Shelf(COT S) technologyfor

VLBI dataacquisitionapplications. The highly successfulCOTS Linux PC-basedMetsahei disk recorder
designwascompletedn 2002,anda total of onehundredVSIB dataacquisitionboardsandVSIC corverter
boardswereproduced.

Thesystemhasbeenputto teston severaloccasionsin 2002resultingin world- rst 1GbpsinternationalVLBI

experimentever, in February2003 gettingthe rst internationallGbps22 GHz continuumfringes between
Metsahei andNICT/Kashima,jn March12th2003Metsahei andJodrellBankObsenatorysucceededh the
rst EuropearlGbpsVLBI experimentandin Junel7th2003Metsahei andNICT/Kashimasucceedeith the



rst internationalGbpsexperiment.This VLBI speedecordis still unbrolen. The datawererecordedwith
Metséhei designederminalsatMetséahei andPC-VSlterminalsatKashima.Metsahei datawastransferred
via Internetto Kashimaandcorrelatedwith a high-speedoftwarecorrelator

In the rst eVLBI testsit was quickly realizedthat the corventional Internetprotocolsare in practicetwo
ordersof magnitudetoo slow for high-speedetworks. Thuswe have startedevaluatinghigh-speednternet
protocolsfor eVLBI andhave identi ed severalcandidatesSahlul, UDT, Tsunami,Fobs,ReliableBlastUDP,
andGTR In thepreliminarydatatransfetteststo JIVE, Metséhwi VLBI teamachiezedanorderof amagnitude
improvementto the normalTCP/IPtransferspeed.

A secondset of record-breakingle transferexperimentswere performedin cooperationwith CSC, the
Finnish information technologycentrefor science,and the operatorof the Funetnetwork. Large les of
actualobsered VLBI dataweretransferredo JIVE at speedsonstantlyabove 512Mbps. The experiment
was internationallyacknavledged (seethe article “58 GigaByte File Transfers”in EU Information Soci-
ety TechnologieqIST) newsletterat http://www.cordis.lu/ist/rn/ri-cnd/news_oct_04.htm ). Soon
after the rst successthe transferrate was further improved to be consistentlymore than 640Mbps(see
http:/fivscc.gsfc.nasa.gov/pipermail/ivstech/2004/000071.ht ml). This discussiorlist of Inter
nationalVLBI Service(IVS) clearly depictshow Metséhai is leadingthe currenteVLBI development(see
http:/fivscc.gsfc.nasa.gov/pipermail/ivstech/2004/thread.ht ml.)

Thisfar all the previous datatransmissioriestshave been le-to-net-to- le basedandhave beenperformedat
the Otaniemicampus.n the nearfuture Helsinki University of Technologywill supporta multi-gigabit ber-
optic network connectiorto the Metsahei RadioObsenatorysite, whichwill allow developmentof real-time
transmissiorof VLBI data,directly from the radiotelescopénto the JIVE VLBI correlator This will speed
up tremendouslyhe dataprocessindgurn-aroundime of scienti ¢ VLBI obsenrations.

The Australia TelescopeNational Facility (ATNF, operatechy CSIRO) and University of Tasmanig UTAS)
have enhancedheir VLBI obsenrationalcapabilitieshy acquiringseventeerMetsahei disk-based/LBI data
acquisitionsystemdo be usedat their six obsenatories. Furthermorethe systemhasbeenextendedto sup-
port 24 hour continuousandautomatedxtremeresolutionVela pulsarobsenationsat ATNF Mount Pleasant
station. (Seehttp://www.oan.es/evn2004/WebPage/RDodson.pdf .) Several systemsarealsoin usein
Canadaizermary, Italy, the NetherlandsUK, andUSA.

Metsahei disk VLBI recorderswereto play a key role alsoduring the ESA Huygensprobe,on-boardthe
CassiniSaturnmission, descendnto Titan on Januaryl4th 2005. Even thoughnot visible for European
stationsanexceptionallylarge numberof VLBI obsenratoriesin the US andon the Australiancontinentsev-
enteenwill follow andrecordthe faint Huygens-Cassins-bandsignal during the descento Titan. VLBI
obsenationsarecorrelatedcandspeciallypost-processedt JIVE to reconstructhe descentrajectoryof Huy-
gensprobe.Sincefour of the Australianobsenratories(includingthe 64-meterParkesdish) areequippedwith
Metsahei VLBI disk recordersand ATNF DAS systemsa way hadto be foundto corvert ATNF DAS bit
streamdatainto a format acceptabldéyy the JIVE correlator The versatility of Metsahei PC-basedecord-
ing allowedusto developreformattingandnarrav-banddataextractionsoftwarewhich allows the Australian
stationgto join this uniqueexperiment.

Futuredevelopmentswill focusontransformingeVLBI datatransferdo acommodityoperationwhichwill be
performedoutinelyduringregularVLBI obsenationsessionsSoftwaredevelopmentbothin protocolsandin
obsenationcontrolandtransmissiorautomatiorwill beneededThegeneratrendin VLBI developmentswill
leadusto considemproblemsin radioastronomyasproblemsin InformationandCommunicationfechnology
(ICT). We will continueour successfuseriesof technologydemonstrationsf applyingCOTS ICT in VLBI
dataacquisition.

2.3 VLBI Obsewational Activities
2.3.1 GeodeticVLBI Project

ProjectTeam:Mujunen Urpo, Oinaskallio,Rénnbeg



Figure5: Settingup oneof the rst VLBI Standardnteface(VSI) basedacquisitionsystemdor unformatted
VLBA samplerdataat 1Gbps.Two Metséhei VSI disk recorderdave beenconnectedn daisy-chairfashion
usingstandardvSl cabling. The universalVSIC corverteron top of therecordergrovidesVSI outputout of
unmodi ed VLBA samplers.

Theswap-in/svap-outmountinggor the1l.7mgeodeticsubre ectorhave provedto provide repeatablenount/unmount
sequence® ve geodeticVLBI runsin 2004. A rechageablebatteryoperatedrecisionwinch wasadapted
to subre ectorlifting, enablingthe swapto be performedby justoneoperator

The problemsregardingthe S/X recever autonomougontrol systemandthe auto-controlledvacuumpump
andcryocoolerpover switcheswereresolhed by disablingandremaoving thesefacilitiesin therecever. This
madethe recever unit approximatelyl5 kg lighter, speededip the vacuumestablishingorocessgliminated
blown fuseissuesandensuredhata cold He compressois not startedwithout warm-up.

Additionally, the phasecal injector now hasa pedestal-mountednclosurewith power supplyand RF elec-
tronics,andthe FinnishGeodetidnstituteprovideda cablelengthmeasuringystenmbasedn a high-accurag
picosecond-classounteranda Linux PC.

At theendof theyeara formal researcltooperationgagreementvasestablishedndsignedby the university
and the Finnish Geodeticlnstitute, of cially establishinggeodeticVLBI obsenrationsat Metsahei Radio
Obsenatoryasanon-goingventure.

2.3.2 Station Hardware/Software

ProjectTeam:Mujunen Oinaskallio,Ritakari

The recordingquality of our single-headstack'LBA4 recorderremainslessthan desirable. Numerousat-
temptsto reveal the underlyingproblemhave all failed, and only vaguespeculation®f headstackvearout
or miscontouringremain. Furthermore pne power failure causedhe recordercontrol electronicsto power
up without resettingthe control computey causinga long continuousrun of headstacknovementpulsesde-



Figure6: Geodeticsubre ectorprecisionwinch (belav) with its self-lockingmount(abore).

stroying the inchworm motor of headstaclpositioner The inchworm wasreplacedandthe recorderis again
operationabut with mediocrerecordingquality.

For the NovemberEVN sessiorthe JointInstitutefor VLBI in Europe(JIVE) loanedus a Mark5A harddisk
basedecordemnit (“mark5-620"). During its setupit wasrevealedthatour Mark4 formatter rmw arehadto
beupgradedo supportautomaticauxiliary data eld updatedor it to functioncorrectlywith the Mark5A unit.

Thetotal power detectorf IF distributor C/D still have afaultresultingin zeroreadoutspreventingfull-band
Tsysmeasuremenisf theastronomyRCPchannel.

Approximately ve BBCs have hadsynthesizer/PLLIfaultsfor years.In conjunctionof the startof geodetic
VLBI where14 BBCs areroutinely neededfor bandwidthsynthesizationye starteda projectto repaira
sufcient numberof BBC LO synthesizeboardsto getatleastl5 BBCsup andrunning.

We hadgoodsuccessn scarengingandmixing andmatchingLO oscillatorboxesandLO synthesizeboards
from retiredBBC units. However, we remainedshortof a few synthesizerandhadseveralboardswherethe
sametypeof faultappearedthe rst 10/11GaAsdivider chip wasnotoutputtinganything.

We contactedPaul Burgessat JodrellBankObsenatory, UK, to getonesparesynthesizeboardfrom theEVN
sparepartspool. He alsomanagedo acquireus a few of the scarceandobsoleteGaAschips,with the hope
thatwe will beableto x severalof our own defectve synthesizeboardsandcouldthusreplenishthe EVN
sparepoolwith theseboards. TheEVN spareboardenabledisto getall 14 BBCsworkingin theway geodetic
VLBI requiresin theNovembergeosession.

The FS was upgradedto the version9.7.1 which supportsthe “formal” parsingmode of Mark5A control
software.
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Figure7: Mark5A diskrecorder

2.3.3 VLBI Sessionsn 2004

ProjectTeam:Mujunen

Only two EVN VLBI sessiongontainedobserationsat K band,22 GHz, in Februaryand November2004.
A total of ve thin tapeswereshippedto the JIVE correlatorin Februarywhereagswo disk packswere built
for the Novembersessionpne3200GBandone980GB.

Five geodetidrial runsandtestsessionsvereconductedn 2004,in March,May, SeptembeMNovemberand
December Eachof them consistedf a 24 hour run generatingapproximatelyonethin tape(or 600GB) of
data.

TheCoordinatedMillimeter VLBI Array (CMVA) wasrestructuredn 2003—2004sthe coordinatiorrespon-
sibility wastransferredrom HaystackObsenatory to Max-Plancklinstitut fir Radioastronomieyunderthe
new nhameof “Global mm-VLBI Array”. Metsahei took partin two GMVA 5-daysessiongrganizedin April
andOctober2004. Four thin tapeswith degradedrecordingquality werecreatedn April andin October ve
Mark5A disk packsof 1TB eachwererecorded.The nev 3mm/2mmSIS receier was successfullyusedat
86 GHzin theseobsenationsin dual-polarizatio CP/RCPmode.

2.4 AMS

This projectwaseffectively halteddueto manpaver problems.

2.5 Micr omechanics

ProjectTeam:Rénnbeg
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Ourmechanicalvorkshopmanugcturedsereraldemandingprecisionsystemdor Helsinki Universityof Tech-
nology RadioLaboratoryandVTT TechnicalResearciCentreof Finland. The mostnotevorthy of theseare
the adjustablemicromechanicahologramsupportstructurefor the ADMIRALS RTO CompactAntennaTest
Rangeof Radio Laboratoryandthe miniaturewaveguide impedanceadjusterwith a precisionquartzblade
micropositioneralsofor RadioLaboratory

2.6 Extragalactic Radio Sources
2.6.1 BL Lacertae Objects

ProjectTeam: Tornikoski, Hovatta,Kotiranta,LahteenmakiParviainen,SalorantaTorniainen,Troller, Niep-
pola,Valtaoja(Turku)

Obsenationsof a completesampleof BL LacertaeObjects(BLOs) wasstartedin 2001 with the Metséhwi
telescopeat37 GHz aspartof our studiesof varioussourcepopulationsor the Planckforegroundsciencesee
subsectiorPlanck).Our aimis to studya completesampleof BLOs from theradio-selectedLOs (RBLs) to
the X-ray selectedBLOs (XBLSs), andto put specialemphasi®n the studyof the IntermediateBLOs (IBLS).
It is still unclearwhetherthedetectiornof theIBLs wasdueto a selectioreffectwhenproducingthe sample or
whetherthesamplerepresenttheactualdistribution of BLOs, shawing a continuouddistribution of properties
from the XBLs to the RBLs. If we studya completesampleof BLOs, we cangeta full understandingf the
spectrakenepy distribution of the BLOs, all the way from theradio-selectedo X-ray-selectedBLOs, andwe
canseeif thereis a continuityfrom subsampléo subsampleandwhetherthis ts within theframework of the
uni cation modelsof AGNs.

Most of the XBLs andIBLs have never beenobsened at high radio frequenciebeforemandwe wantedto

seewhetherthis is justi ed or not. By autumn2004we hadcoveredalmost100 % of the sample(about400
sourcesrom Véron-Cetty& Véron2000),andfor someof themwe have multi-epochdata. Of all of these,
morethanonethird weredetectedand,aboutonethird of the X-ray andintermediateBLOs, too, thathave

previously beenthoughtto betoo faint at higherradio frequencies.In the nearfuture we aregoingto apply
the updatedversionof the BLO sourcecatalogwith doublyasmary sourcesandexpandthis programmeor

alongertermmonitoringof their variability.

In her Masters thesisElina Nieppolastudiedthe propertiesof the Metsdh@i BL Lac sample. Traditionally
BL Lacshave beenclassi ed aseitherRBLs or XBLs accordingto the frequeng bandon which they were
discovered(radio, X-rays). Thesewo classedliffer, for example,in variability andpolarizationpropertiesand
at rst seemedo be completelyseparateLater objectswith intermediatepropertiesverefound, suggesting
thatthe BL Lac populationmight be continuous. This continuumin propertiesis thoughtto be causecdby
the differencein the synchrotroncutoff frequeng. BLOs got a new classi cationscheme:objectswith their
synchrotrorpeakin theradio/IR bandarelow-enegy synchrotrorpeakBL Lacs(LBLs) andobjectspeaking
attheUV/X-ray frequenciesrehigh-enegy synchrotrorpeakBL Lacs(HBLS). Objectsin betweerarecalled
intermediateBL Lacs(IBLS).

The aim of Nieppolas thesiswasto usethe Metséhei BL Lac sampleof 398 objectsto determineif the
BL Lac populationis in factcontinuous.A large databasef ux datapointsat severalfrequengy bandswas
collected.Whenpossiblethedatawereusedto plot the object’s spectrakenepy distribution (SED). The SEDs
were tted with a parabolicfunctionto determinethe synchrotrorpeakfrequeng. This couldbe doneto 308
plots. The objectswereclassi ed accordingto their synchrotrorpeakasfollows: for LBLs logngeak< 14.5,
for IBLs log npea=14.5-16.5andfor HBLs lognpeak> 16.5. The averageluminositiesat 37 GHz werealso
calculatedo checkthecorrelationof thesynchrotrorpeakfrequeng andtheradioluminosity Thelogarithmic
ratio of x-rayto radio ux, log(S=S), wasdeterminedor eachobject,aswell asbroadbandspectraindices
from radioto optical(a;o) andopticalto x-ray (agx) frequencies.

Thesamplewasdividedevenly betweerthe differentclassessothattherewereaboutl000of each.Therewas
signi cant negative correlationbetweerthe synchrotrorpeakfrequenyg andtheradio luminosity at 37 GHz.
No evidenceof low luminosity LBLs or high luminosity HBLs were found. Therewere 22 objectswith
lognpeak™> 19. Thesecanbe considerediscandidategor ultra-high-enegy BL Lacs(UHBLs). They areex-
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Figure8: aovs.aoyx -plot of BL Lacertaeobjects.

cellenttargetsfor gamma-rayobsenations. Thedistribution of x-rayto radio ux ratios,log(S=S), appeared
smoothandconsistentThedivision aroundthevalue-5.5,whichis characteristiof RBLs andXBLs, cannot
beseen.n theaq vs.aox plot well-known RBLs andXBLs occuyy differentregionsof the planeasexpected,
but the sampleasa whole is evenly distributed (Figure 8). Therefore,it canbe concludedthatthe BL Lac
populationis continuousandthe luminositiesseemto dependn the synchrotrorpeakfrequeng.

The resultsderived by Elina Nieppoladuring her thesiswork will be publishedin 2005, and we are also
preparinga datapaperaboutour BLO obsenations.

2.6.2 Fainter Flat-Spectrum Sources

ProjectTeam:L&ahteenmakiTornikoski, Valtaoja(Turku)

Whenselectingcandidates$or highradiofrequeng obsenations,it is generallyassumedhattheradiospectra
peakat relatively low frequenciesandgetvery steepin the millimetre wavelengthrange. Thus,only sources
exceedingacertain ux limit andshaving a at spectrumatthelow frequenciesftenendup beingmonitored
in the millimetre domain. This is why studiesmadeat radio frequenciesigherthat 8.4 GHz have usually
excludedthe fainter (say 0.1-1Jy) at-spectrumsourcesand practically no high frequeng dataexist for
sourceswith the ux densityS lessthan0.5 Jy at 2.7 GHz. Also, the selectionis often basedon only one-
epochobsenationsat low frequenciegespeciallytrue for southernsources).Thesesourcesmay have been
obsered during a quiescentstate,andin reality even their low frequeng ux escanbe much higherthan
assumed.
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Our earlierstudies(for example, Tornikoski et al. 2000,2001) have shovn thatat high radio frequenciesa
typical variable AGN spendsnuchmoretime in the quiescenbr intermediatestatethanin an active state,
andthatmary sourcesassumedo be “too faint to be detectedat millimetre frequenciescanat timesreach
relatively high (upto 1 Jy) ux levels. Theseemphasizehe importanceof makingmulti-epochobserations
of “faint” AGNs, becausealsothesesourcegnay at timessigni cantly contritute to the Planckextragalactic
foreground (seesubsectiorPlanck). Also, the brightestsourcesmostly obsered, of course,are not very
representatie of thewhole population. This is why we have starteda programmeto studythe instantaneous
continuumspectrunof fainter at-spectrumsourcesvith RATAN-600, theworld's largestradiotelescopeat
a frequeny rangeof 1-22 GHz. We have signeda collaboratve agreementvith the SpecialAstropthysical
Obsenatoryof RussianAcademyof Sciencesthe St. Petershirg StateUniversity, andthe St. Petershrg State
TechnicalUniversity We have alreadyhadseveralsuccessfubbservingruns,andmoreareplannedor winter
2004/200%andspring2005.

2.6.3 WMAP Point Sources

ProjectTeam:Lahteenmé&kiTornikoski, Hovatta,Kotiranta

TheWMAP satellitedetecte®@08extragalacticforegroundradiopointsourcegBennettetal. 2003). WMAP is
notassensitve anexperimentasthe Plancksatellitewill be. Neverthelessits resultscangive someindication
of whatcanbe expectedof Planck. Thus,immediatelyafterthe releaseof the WMAP resultsin early 2003,
we startedfollow-up obsenationsof the WMAP point sourcestogethemwith PlanckExtragalactic Working
Group6. Most of the WMAP sourcesare of coursewell known but mary (19) have multiple identi cation
candidatesAlso, somewell known sourcesseemto be mysteriouslymissingfrom the WMAP list. WMAP
obsenedthe sourcesat ve radiofrequenciesthusgiving aninsightalsoto the shapeof the spectra.Some
of the sourceshave beenobsened with the Very Large Array (VLA) by Bruce Partridgeand his group, to
con rm the coordinatesof the multiple identi cation WMAP point sourcedetections.Our group obsenred
all candidatedor eachsourcewith the Metsahei telescopeat 37 GHz and 7 primary candidateswith the
SESTat90 GHz during2003and2004. Accordingto the preliminaryresults someof the primary candidates
certainlyarethe correctidenti cations but for somesourceghe identi cation is much more complicated a
resultcon rmed alsoby Trushkin(2003). A paperis in preparationcombiningthe VLA andthe Metséhwi
results.

2.6.4 Inverted-SpectrumSources

ProjectTeam:Tornikoski, Hovatta,Kotiranta,LahteenmakiTorniainen,Troller, Valtaoja(Turku)

We have beenobservingnen samplef Gigahertz-Peadd Spectrum(GPS)sourceswith the Metsahei tele-
scopeat 37 GHz, every otherweeksinceNovember2001,andwith the SEST(Swedish-ESGubmillimetre
Telescopept 90 GHz until the endof its operationin 2003. Initially the purposewasto searchor new high-
pealed sourcesto studythe variability of the “bona de” GPSsourcesandthe modelsusedfor describing
them,andto studythe impactof our ndings onthe Planckmission. Our grouphasidenti ed somenew ex-
tremepeakingGPSsourcesput in particularwe have shavn (Tornikoski etal. 2001; Torniainenet al. 2005)
thatmary sourcesurrentlyidenti ed as“bona de” GPSsourcesandcandidatesn theliteratureactuallyare
ordinary at spectrunsourcesith highvariability andspectrahatgetinvertedonly during ares. Thecurrent
working hypothesiss thatthe numberof genuineGPSsourcess smallerthanthe estimategivenin theliter-
ature.However, the numberof sourceghatsometimesi.e. in their active state peakat high radiofrequencies
seemdo behigherthanearlierassumedThisresultis alsoof greatimportancedor thePlanckmission because
thesesourcesanattimesbe extremelybright atthe Planckfrequeng range.This emphasizetheimportance
of the predictionof sourceactiity statesduringthe mission,aswell astherole of theradio are modelling.

2.6.5 Compact SteepSpectrum Sources

ProjectTeam:Tréller, Tornikoski, Valtaoja(Turku)
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Compactsteepspectrumsourcesare high luminosity radio sourceswith steepspectra. Their (radio) size
is much smallerthan normalradio galaxies. They may be young sourcesor alternatvey old andfrustrated
objects.In eithercasethey provide importantconstrainton the environmentalfactorsin uencing the origin

andevolution of powerful radiosources.

A sampleof CSSsourcesbtainedwith the Nordical Optical TelescopgNOT) in R- andV-bandshasbeen
studiedto distinguishbetweerthetwo evolution scenarios.

A detailedphotometricanalysiswas appliedusinga two-dimensionabkurfacebrightnessmodel. The model
consistsof two componentsa core representinghe nuclearcomponentand a hostgalaxy The corewas
describedy a scaledpoint-spread-functio(PSF)whereaghe modelof the hostgalaxywasassumedo have
constanelliptical surfacebrightnessontours.

It wasfoundthatin the opticalthe nuclearcomponents nearlyalwayswealer thatthe hostgalaxy (exceptfor
two cases) Thehostsof CSSsourcesarelargeandbrightellipticals,with anabsolutebrightnessn theR-band
of < Mr> =-24.4magand< My >=-24.9magn theV-band.Themeanhalf-light radiusis re;f = 11kpc.

The shapegseeFigure9) of the hostswould seemto con rm the youth scenarian which thesesourcesare
evolving radiogalaxies.Theresultswill be publishedn the rst half of 2005.
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Figure9: The shape(n) of the hostsof CSSsourcescon rm the youth scenario.The hostsaremore similar
to Fanarof-Riley-Type2(FR2)andGigahertz-Peadd sourcegGPS)thanto brightestclustergalaxies(BCG).
Thisresultsupportgehe GPS-CSS-FR2equence.

2.6.6 Planck Satellite Science

ProjectTeamLahteenmakiTornikoski, Parviainen,Urpo, Valtaoja(Turku)

The Plancksatellitewill mapthe sky at several radio frequenciesand measurehe cosmicmicrowvave back-
ground(CMB) radiation. At the sametime all foregroundradio sourcesn the sky, including extragalactic
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radiosourceswill beobseredaswell. Thesatellitelaunchis scheduledor August2007.

Our Metsahei Radio Obsenatory and Tuorla Obsenatory Planck collaborationteam has enthusiastically
participatedin the core actvities of the Planck Extragplactic Point Sourcesworking Group. In 2004 the
main tasksfor our teamhave beenthe developmentof the Planck Quick Detection Systemsoftware and
the de nition of its triggering criteria, the constructionof the Planck Pre-launchCatalogof point sources
(including obsenationsand analysisas well asthe delivery of the datafor the Catalog),and analysingthe
scienti ¢ dataof extragalactic point sources(see*A GN-luvut tdssévuosikirjassa*). A major task was to
formulatepreliminary Herschelsatelliteproposalabstractdor the PlanckScienceTeamin early December
Ourteamsubmittedtwo abstractscalled“Observingsubmmbright active galacticnucleiwith Herschel’and
“Target of OpportunityHerschelobsenationsof interestingactive galactic nuclei detectedwith the Planck
Quick DetectionSystem”.

The Extragalactic Point SourcesNorking Grouphada meetingin connectiorwith the the 2nd PlanckSym-
posiumin Parisin January Our representatiesin the meetingwere A. LahteenmakiE. Valtaoja,and M.
Parviainen.The Working Groupalsoheld severalteleconferencefor WG coordinatorgA. Léahteenmaki).

Thehomepagef the Metsdhei andTuorlaPlanckcollaborationcanbefoundat
http://kurp.hut.fi/quasar/planck/index-en.htm

2.6.7 Multifr equencyObsening Campaigns

ProjectTeamTornikoski, Lahteenmé&kiTorniainen,Tréller, Parviainen Hovatta,Kotiranta

We took partin severalmultifrequengy campaingslsoin 2004,anddid individual observingrequestsTypi-
cally we supportthe campaigrwith daily obsenations,andcontinueregularmonitoringevenbeforeandafter
theactualcorecampaign.

0716+714& 0836+710The main WEBT campaignfor 0716+714wasin November2003 but the project
continueduntil May 2004. In April anotherobservingcampaigntook placeto supportintegral Target-of-
Opportunityobsenationsof the source. At this time it was noticedthat also 0836+710was visible in the
Integral data,andmoreobsenationswerepromptlymade.

3C2733C273wasin avery faintmultifrequeny statein June2004,andTarget-of-Opportunityobserations
on the very weakjet emissionwereinitiated, togethemwith multifrequeng supportobserations(XMM and
groundbasednstrumentsMetséhei makingfrequent37 GHz andsome22 GHz obsenations).

0235+164The ENIGMA/WEBT campaigrnof 0235+164is ongoing.In 2004we supportedhe XMM point-
ingsof thesourcein JanuaryandAugust.

MARK 421We joinedin VERITAS andRXTE obsenationsof MARK 421in May andDecember
MARK 501In Junewe obserned MARK 501in supportof Whipple obsenrations.

H1426+428We supportedhe XMM and RXTE pointingsof this sourcein August. We have continuedto
obsere it regularly asit is alsooccasionallyobsernedwith MAGIC, andseemdo be sporadicallydetectecht
37GHz.

0202+1490202+149vasobsenredin autumnto supportsimultaneousMAGIC obsenations.

0J 287 Therewill beextensve multifrequeny campaign®f 0J287in 2006and2007,trying to catchthepre-
dictedouthurst(s).We will betakingpartin thecampaign&ndhave startedmonitoringthis sourcefrequently

Others & requestsin springwe obsered threesourcefPG0007+106PG1718+48PG2209+18Yor Niall
Smith (Cork Institute of Technology). We are watchingBL Lac and 3C 279 for MAGIC (Elina Lindfors,
TuorlaObsenatory),in casethey startbrighteningin 37 GHz. We alsoobseneda sampleof high-peakingBL
Lac objectsfor Elina Nieppola(TuorlaObsenratory).

16



2.6.8 RATAN-600 Collaboration

ProjectTeam:Tornikoski, LahteenmékiValtaoja(Turku)

We have usedthe RussianRATAN-600 to make simultaneousnultifrequeny (1-22 GHz) obsenationsat
severalepochof a sampleof ca. 80 of our source{GPSsourcesandcandidatesandmary BLOS).

Onesetof sourcesn this campaigrincludesobjectsthatshav at leastat timesa rising continuumspectrum.
For someof themwe possessa lot of datapointsbut arestill interestedn the simultaneoufRATAN spectrum
to determinghetrueinstantaneoushapeof the spectrumandfor someof themwe only have somehistorical
low-frequeny datapointssothatit is impossibleto saywhetherthe spectraaretruly invertedor whetherthe
shapeof the non-simultaneouspectrunis causedy considerableariability.

In additionto these we alsoobsened a sampleof BL Lac Objectsusingthe RATAN. Someof theseBLOs
weredetectedn Metsahwi atasigni cant level, but we alsoincludeda setof sourceghatweretoofaintto be
detectedn Metsahei at37 GHz.

We carriedout the “pilot” obsenationsin 2003,andcontinuedthe projectthrough2004. The instantaneous
RATAN spectrarevealedlots of interestingfeaturesn our sources.

Someof theBL Lacobjectsthathave relatively faintlow-frequeng datapointin publishedcatalogsput

which we have detectedat a signi cant level at 37 GHz, indeedseemto be at a muchmoreactie state
alsoduring the RATAN obserationsthanwhenthe historicaldatapointsweretaken. Someof these
sourcesvenhave corvex RATAN spectra.

For someof ourrecenidenti cationsfor inverted-spectruraourcegidenti cationspublishedn Tornikoski
et al. (2000; 2001) or lateridenti ed by llona Torniainenduring her thesiswork) the spectraseemto
retaintheir corvex shapealsoduringtheinstantaneoudatataking.

Two High Frequeng Pealers(HFPs)from literaturealsohave beautifullycorvex RATAN spectrapeak-
ing atca.10and8 GHz, respectiely.

Alreadyfrom the 2003—-2004]ataobtainedwith RATAN we canseeconsiderableariability in someof
thesesourcesOur primaryreasorfor extendingour obsenationsto 2005(and,hopefully, beyond)is to
studyhow the shapeof the continuumspectrumandthe peakof the spectrumchangeswith time, and
to studyhow the actiity stageaffectsthe shapeof the spectrum.We have establishedfor example,in
Torniainenetal, submittedo A&A) thatwhenmonitoredfor alongertime, someof thesocalled“bona
de” GPSsourcesn the literatureturn out to be variable at-spectrumsourceswith invertedspectra
during the active stageonly. We want to study the true differencesbetweenthe sourcesthat have a
consistentlycorvex spetrumnmandthosewith spectrahatbecomenvertedonly duringtheir mostactive
stages.

Our collaborationwith the RATAN groupwill continuein 2005, and we are preparinga paperaboutour
Metsahi-RATAN collaboratve obsenrations.

2.6.9 Obsewationswith Other Facilities

INTEGRAL
“Tamgetof OpportunityObsenationsof FlaringBlazars”,PI. E. Pian,Co—I M. Tornikoski

Very Long BaselineArray, VLBA
VLBI obsenationsof the aring blazar0716+714PlI. Kaj Wiik, Co—I M. Tornikoski.

RATAN-600"Instantaneoug—22GHz obsenationsof asampleof BL LacertagDbjectsandGPScandidates”,
PI. S.A. Trushkin,Co—I M. Tornikoski, obsenationsin April, SeptembeandOctober2004.

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

ProjectTeam:Tornikoski, Urpo, Riehokainer{Turku)

Dueto the currentfundingsituation,Metséahei hasnot beenableto recruitary new Solarscientistaecently
andnow thatprofessolJrpo hasretiredwe do not have aryonein ourteamworking onthe Solardata.We are
still gatheringdata,however, usingthe automaticl.8-metreSolarmonitoringtelescopdor total ux density
obsenationsof the full Solardisk andalsooccasionallymaking Solarmapsusingthe 14 m antenna.Profes-
soremeritusSeppoUrpo is still working on the dataafter his retirement,andalsoour Russiancollaborators
(professoiStepang andhisteam)areusingthe Metséhei data.Dr. AlexandrRiehokainerfrom TuorlaObser
vatoryis periodicallymaking Solarobsenationsusingthe Metsahei telescopeandthefocusof hisresearch
is especiallyon the active regionsat high Solarlatitudes.

At the end of the year professoremeritusSeppoUrpo and his Russiancolleaguesvere awardedRussian
ScienceAcademys price for the bestsciencearticlein 2003in the eld of mathematicandphysics(Figure

10). Theatrticleis: Zaitsey, V.V., Kislyakov, A.G., Urpo, S., Stepang, A.V., Shielev, E.I.: “Spectral-temporal
evolution of low-frequeng pulsationsn themicrowvave radiationof solar ares”, AstronomyReportsVol. 47,

pp. 873-882,2003. The authorsstudiedSolar ares obseredin Metsahei at 22 and37 GHz. The dynamic
spectraof low-frequeng uctuations wereobtained andthey wereinterpretedn termsof eigenoscillations
of coronalmagnetidoops. The authorsdiscusghethreedifferenttypesof oscillationsthatthey found.
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Figure10: Certi cate of honour
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3 “30 Yearsof Radio Astronomyin Finland” Picture Gallery
On April 6th 2004 Metsahei celebratedts 30th anniversary We celebratedhis event, “30 Yearsof Radio
Astronomyin Finland” with colleaguescollaboratorsandhigh-level guests.

Metsahei 30thanniversaryphotos.Namesfrom left to right.

Figure11: JukkaPiironen,Risto Kuittinen, Tuija Pulkkinen,Mirja Arajarvi, SeppoUrpo, llona Torniainen,
RistoPellinen,Esko Heikkila, Kalevi Mattila, Anne Ldhteenmé&kiEsalLuomala.
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Figure12: PekkaSomervuoRisto Pellinen,JukkaPiironen,SeppoKorpela,Joulo Ritakari, Mirja Arajarvi,
TaunoTurunenJanEngelbeg, Martti Tiuri.

Figure13: HenryRonnbeg, Ari Mujunen,Esko Valtaoja,JanEngelbeg, Mikk o Parviainen Mirko Trdller.
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Figure14: Talvikki Hovatta,PekkaSomervuoRistoPellinen,Tuija Pulkkinen,Kalevi Mattila.

Figurel5: llonaTorniainen Seppdorpela,JukkaPiironen,Marko Peklola, RistoKuittinen,JuhaniPeltonen,
Minttu Koski.
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Figure16: TaunoTurunenMirko Troller.

Figurel7: Solveig Hurtta,Kalevi Mattila, PekkaSomervuo,JukkaPiironen,SeppaKorpela.
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4 Publications

4.1 International Journals

1 Ciaramella,A., Bongardo,C., Aller, H.D., Aller, M.F., De Zotti,G., LahteenmakiA., Longo, G., Mi-
lano, L., Tagliaferri, R., TerasrantaH., Tornikoski, M., Urpo, S.: A multifrequeng analysisof radio
variability of blazars Astonomyand AstiophysicsVol. 419, pp. 485-500,2004.

2 Bloom, S.D.,Dale,D.A., Cool, R., Dupczak,K., Miller, C., HaugsjaaA., PetersC., Tornikoski, M.,
Wallace, P, Pierce,M.: An optical surney of the position error contoursof unidenti ed high enegy
gamma-raysourcesat galacticlatitude|b|> 20 , TheAstronomicalJournal, Vol. 128, pp. 56-61,2004.

3 Ciprini, S., Tosti, G., TerasrantaH., Aller, H.D.: Radio-optical ux behaior and spectralenegy
distribution of theintermediateblazarGC 0109+224Monthly Noticesof the R.A.S,. Vol. 348,pp.1379-
1387,2004.

4 Heidt, J., Tréller, M., Nilsson,K., JagerK., Takalo,L., Relola, R., SillanpaaA.: Evolutionof BL Lac
hostgalaxies.Astonomyand AstrophysicsVol. 418,pp. 813-825,2004.

5 Mattila, K., Tornikoski, M., Tuominen|., Valtaoja,E.: Astronomyin FinlandESOMessengs Septem-
ber2004,pp. 3-11,2004.

6 Villata, M., Raiteri,C.M., Aller, H.D., Aller, M.F., Terasrantal., Koivula, P, Wiren, S., Kurtanidze,
0O.M., Nikolashvili, M.G., Ibrahimov, M.A., Papadakis].E., Tosti, G., Hroch, F., Takalo,L.O., Sillan-
paa,A., Hagen-Thorny.A., Larionov, V.M., Schvartz,R.D.,Basler J.,Brown, L.F., Balonek,T.J.: The
WEBT campaignon BL Lacertae,Time and cross-relatioranalysisof optical andradio light curves
1968-2003Astronomyand AstrophysicsVol. 424,pp. 497-507,2004.

7 Terasrantal., Achren,J.,Hanski,M., Heikkila, J.,Holopainen,).,JoutsamoQ., JuholaM., Karlamaa,
K., Katajainen,S., KeinanenP, Koivisto, P, Koskimies,M., Kénénen,P, Lainela,M., Lahteenmaki,
A., Makinen, K., Niemel&, T., Nurmi, P, Pursimo,T., Relola, R., Savolainen, T., Tornikoski, M.,
Torppa,J., Valtonen,T., VarjonenN., Vilenius, E., Virtanen,J., Wiren, S.: Twenty yearsmonitoringof
extragalacticsourcesat 22,37 and87 GHz. AstronomyandAstroptysics,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., HughesN., Jukkala,P,, Sjéman,P.,, Kangaslahti,P., Roddis,N., Kettle, D., Winder, F,,
BlackhurstE., Davis, R., Wilkinson, A., Castelli,C., Aja, B., Artal, E.,dela Fuentel ., Mediavilla, A.,
PascualJ.P, Gallegos,J.,Martinez-Gonzale#; ., dePaco,P, Pradell L.: Advancedpseudo-correlation
radiometergor the Planck-LFlinstrument. AstronomyandAstroptysics,submitted 2004.

9 Ogle, PM., Davis, S.W, Antonucci, R.R.J.,Colbert,J.W, Malkan, M.A., Page,M.J., Sasseen].P,
Tornikoski, M.: Multiw avelengthobsenationsof radiogalaxy3C 120with XMM- Newton. Astroptys-
ical Journal submitted 2004.

10 Pian, E., Foschini, L., Beckmann,V., Sillanpdd, A., Soldi, S., Tagliaferri, G., Takalo, L., Barr, P,
Ghisellini, G., Malaguri,G., MaraschiL., Palumbo,G.G.C.,Treves,A., Counwisier, T.J-L.,Di Cocco,
G.,GehrelsN., Giommi, P, Hudec,R., Marcowith, A., Pursimo,T., Raiteri,C.M., Savolainen,T., Sikor,
M., Tornikoski, M., Tosti, G., Turler, M., Valtaoja,E., Villata, M., Walter, R.: INTEGRAL obsenations
of the eld of theBL LacertaeobjectS50716+714 AstronomyandAstroplysics,submitted 2004.

11 Torniainen|., Tornikoski, M., Terasranta., Aller, M.F., Aller, H.D.: Longtermvariability of inverted-
spectrunsourcesAstronomyandAstroplysics,submitted 2004.

4.2 International Conferences

1 Parviainen,M., LahteenmakiA., Tornikoski, M., Valtaoja,E.: Quick DetectionSystem(QDS) for
Planck.Abstractsof the 2nd Plandk SymposiumOrsay France?26-30.1.2004.
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2 LahteenmakiA., Tornikoski, M., Parviainen,M., Torniainen,l., Valtaoja,E.: The Metsahei/Tuorla
Planckcollaboration:obserationsandanalysisof the data. Abstractsof the 2nd PlanckSymposium,
Orsay France26-30.1.2004.

3 Tornikoski, M., LahteenmakiA., Torniainen,., ParviainenM., Nieppola,E., Tréller, M., Valtaoja,E.,
Trushkin,S.: Identi cation of new inverted-spectrursources Abstractsof the 2nd PlanckSymposium,
Orsay France26-30.1.2004.

4 Tornikoski, M., LahteenmakiA., Torniainen,l., Parviainen,M., Nieppola,E., Tréller, M., Saloranta,
P-M., Valtaoja,E., Trushkin,S.A., Nizhelskij, N.A.: High radio-frequeng studyof a completesample
of BL LacertagDbjects.Abstractsof the 2nd PlanckSymposiumQrsay France 26-30.1.2004

5 Tuovinen, J., Varis, J., Hughes N., Jukkala,P, Sjéman,P, Ovaska,S., Laaninen,M., Mandolesi,N.,
BersanelliM., Butler, C.,Hoyland,R.: PlanckMissionwith advancedryogenionm-andsubmm-vave
recever arrays.|[EEE AerospaceaandElectronicsConferenceBoston,January2004.

6 Ritakari,J.,Mujunen,A.: Gbit/sVLBI andeVLBI with Off-The-ShelfComponentslVS 2004General
MeetingProceedingsttava, Canada9-11.2.2004pp. 182-185,2004.

7 Mujunen, A., Ritakari, J.: VLBI2010: Commercial-dfthe-Shelf TechnologyPerspectiesin 1996,
2003,and2010. IVS 2004 GeneralMeeting ProceedingsPttava, Canada9-11.2.2004 pp. 56-59,
2004.

8 LahteenmadkiA.: PlanckextragalacticforegroundsourcesThe 3rd ENIGMA meeting Jerisjarvi,Fin-
land,26-28.4.2004Proceedingsf the 3rd ENIGMA meeting,TuorlaObsenatory,
http://lwwwIsw.uni-heidelbeg.de/users/sagner/E les/proceedingsEM3.pdip. 278-293,2004.

9 LahteenmakiA., Tornikoski, M., Troller, M., Parviainen,M., Torniainen,l., Hovatta, T., Saloranta,
P-M.,Nummila,S.,Ojala, T., RantaM.: Metsahei andJCMT obsenations..The 3rd ENIGMA meet-
ing, Jerisjarvi,Finland, 26-28.4.2004Proceeding®f the 3rd ENIGMA meeting,Tuorla Obsenratory,
http://mww.lsw.uni-heidelbeg.de/users/sagner/E les/proceedingsEM3.pd2p04.

10 Torniainen|., Tornikoski, M., Terasranta., Aller, M.F., Aller, H.D.: Longtermvariability of inverted-
spectrumsources. Proceeding®of the 4th ENIGMA meeting, Perugia,ltaly, 6.-8.10.2004eds. G.
Ghisellini, S. Ciprini, G. Tosti, pp. 144-146,2004

11 Troller, M., Tornikoski, M., Valtaoja, E: Host Galaxiesof CompactSteepSpectrumRadio Sources.
Proceedingsf the4thENIGMA meetingPerugialtaly, 6.-8.10.2004eds.G. Ghisellini, S. Ciprini, G.
Tosti, pp. 156-1592004

12 Counwisier, J-L., Turler, M., Cherryakova, M., Favre, P, Walter, R., Deluit, S., StaubertR., Stuhlinger
M., Tornikoski, M., Valtaoja,E., Bourban,G., Robson|].: Integral obsenationsof the bright quasai3C
273.5th Integral Workshop Munich, 16-20.2.2004AbstractsBooklet,p. 113,2004.

13 Collmar, W., Béttcher M., Burwitz, V., Counwisier, T., Komossas.,KretschmarP,, Nieppola,E., Nils-
son,K., Ojala, T., PottschmidtK., PasanenM., Pursimo,T., SillanpdaA., Takalo,L., Tornikoski, M.,
UngerechtsH., Valtaoja,E., Walter, R., Webster R., Whiting, M., Wiik, K., Wong, I.: Multifrequeng
obsenationsof thegamma-rayblazar3C 279in low-stateduringintegral AO-1. 5th Integral Workshop,
Munich, Germary, 16-20.2.2004AbstractsBooklet,p. 116,2004.

14 Heidt, J., Troller, M., Nilsson, K., Jager K., Takalo, L., Relola, R., Sillanpd&,A.: Evolution of BL
Lac hostgalaxies.TheInterplayamongBlack Holes,StarsandISM in GalacticNuclei. Proceedingsf
IAU SymposiunNo 222, Rio Grandedo Sul, Brasil 1-5.3.2004,Th. StorchiBergmann,L.C. Ho, H.R.
Schmitt(eds.) pp. 521-522,2004.

15 Ogle, PM., Davis, S.W, Antonucci, R.R.J.,Sasseen].P, Colbert,J.W, Malkan, M.A., Page,M.J.,
Tornikoski, M.: X-ray spectroscaopof radiogalaxy 3C 120, Proceedingsf the X-ray/radioconnection
conferenceSantaFe, 3-6.2.2004 submitted 2004.

16 Savolainen,T., Wiik, K., Valtaoja, E., Tornikoski, M.: An extremely curved relatvistic jet in PKS
2136+141 Proceedingsf the 7th Europear’VLBI Network Symposium;Toledo,Spain,October12-15,
2004,editors:Bachiller, R., Colomer F., Desmurs,).F, de Vicente,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., DoelemansS., Phillips, R.B., Rogers A.E.E., Fagg,
H., Strittmatter P, Zurys,L., Conway, J.,Booth,R.S.,Urpo, S.: Towardsthe eventhorizon- thevicinity

of AGN at micro-arcsocondesolution. Proceeding®f the 7th EuropeariVLBI 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

4.3

4.4

experiencewith the PC-EVNrecorder Proceeding®f the 7th EuropeariVLBI Network Symposium,
Bachiller, R., Colomer F., Desmurs,J.F, de Vicente,P. (eds.),October12-15,2004, Toledo, Spain,
submitted 2004.

Laboratory Reports

Tornikoski, M., Mujunen,A.(editors): Metsdhei RadioObsenratory Annual Report2003. Metséhai
ReportsHUT-KURP-28,34 p., 2004.

Urpo, S. HajatarinoitaKurpitsanhistoriastaMetséahei ReportsHUT-KURP-29,76 p., 2004.

Urpo, S., PuhakkaP, Mujunen,A., Oinaskallio,E., Tornikoski, M., Lindfors, T., Terasranta.: Au-
rinkomittausohjeeta aurinkopurkausterpiirto ja kalibrointi Metséh@issa2004. Metsahei Reports
HUT-KURP-30,18p., 2004.

Urpo, S., Tornikoski, M., Mujunen,A., Oinaskallio,E., Lindfors, T.: Major solarradio ares measured
atMetsahai in 2003.Metséhei Publicationson RadioScienceHUT-MET-50, 36 p., 2004.

Other Publications

ParviainenM.: PistelahteidemopeaerotteluPlanck-satelliitindatastaMasters thesis,2004.

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.: The Australianexperiencewith the PC-EVN recorder
TechnologyDevelopmentCenterNews, NationalInstitute of Informationand Communicationdlech-
nology, SerialNo. 24,2004.

5 Visitsto Foreign Institutes

JIVE, Dwingeloo, The NetherlandsConversionand correlationof ESA Huygensprobe Titan descendata
recordedn Australia,26.9-1.10.2004nd2-7.12.2004A. Mujunen

OnsalaSpaceObsenatory, SwedenEVN CBD meetingl4.-15.5.2004M. Tornikoski, A. Mujunen.

Landessternarte,Heidelbeg, German, 9.5-12.6.2004nd14-18.10.2004M. Troller

6 Visiting Scientists

AlexanderElisee, IAP, Russia

Igor Kuznetsw, IAP, Russia

Andrey Permina, IAP, Russia
AlexanderShtaryuk, IAP, Russia

Dr. Vyachesla Vdovin, IAP, Russia

Dr. Igor Zinchenlo, IAP, Russia

Prof.A. V. Stepang, Pulkovo Obsenatory, Russia
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Dr. A. G. Kislyakov, IAP, Russia
Dr. V. V. Zaitsev, IAP, Russia

7 Thesis

Mastersthesis

ParviainenMikko M.Sc.Tech)thesis* Quick PointSourceExtractionFromPlanckSatelliteData”, supervised
by M. Tornikoski.

8 Teaching

RadioAstronomycourse autumn2004 (M. Tornikoski, A. Lahteenmaki)
Radioastronomicalaboratoryexercisefor spacegechnologystudentsspring2004(A. Lahteenmaki)

Lecturerat the “Cosmologyand the Plancksatellite” summerschoolof the Academyof Finland graduate
schoolfor astronomyandspacephysics(31.5-4.6.2004TuorlaObsenatory) (A. LAhteenmaki)

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

9 Other Activities

Referedor AstroptysicalJournal M. Tornikoski.
Referedor aproposalor the Jame<lerk Maxwell TelescopgJCMT), M. Tornikoski.
Referedor GlobalMillimter-VLBI Array (GMVA) proposalsM. Tornikoski.

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

Evaluatorof the docentureapplicationof Dr. DianaHannikainenHelsinki University M. Tornikoski.

9.1 Participation in Boards and Committees

Steeringgroupmemberof the Academyof Finlandgraduateschoolof astronomyandspacephysics,A. Lah-
teenmaki.

Memberof thescienti ¢ organizingcommitteeof “Cosmologyandthe Plancksatellite”summerschoolof the
Academyof Finlandgraduateschoolfor astronomyand spacephysics(31.5-4.6.2004Tuorla Obsenratory)
A. Lahteenmaki.

Local coordinatorfor the EC researchtraining network ENIGMA (“EuropeanNetwork for the Investigation
of GalacticnucleithroughMultifrequeng Analysis”). M. Tornikoski.

Memberof the steeringgroupof ANTARES (Academyof FinlandandNationalTechnologyAgeng/ Research
Programmdor SpaceResearch)M. Tornikoski.

Memberof the TEKES steeringcommitteefor Planck70 GHz instrument.M. Tornikoski.
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Memberof the Finnish AstronomicalAdvisory Groupfor the ESO project“Developmentof distributeddata
analysissystemfor extensve astronomicatlata”,a.k.a.“Sampo”. M. Tornikoski.

Memberof the TEKES steeringcommitteefor the Sampaoprojectfor ESO.M. Tornikoski.

Finland's representatie to the ESOUsers'Committee .M. Tornikoski.

9.2 International Meetingsand Talks

The 2nd PlanckSymposiunin Paris,France 26—30.1.2004A. LahteenméakiM. Parviainen
3rd IVS GeneraMeeting,Ottava, Canada8—13.2.2004). Ritakari
EVN TechnicalandOperationsGroup(TOG) meeting Wettzell, Germary, 31.3-2.4.2004]. Ritakari

The 3rd ENIGMA meeting,Jerisjarvi,Finland,26—28.4.2004A. Lahteenmé&kiTalk “Host galaxiesof CSS
radiosources’M. Troller, M. Tornikoski, E. Valtaoja

EVN ConsortiounBoardof Directors(CBD) meetingOnsalaSweden14—-15.5.2004A. Mujunen,M. Tornikoski
“Compactradiosources’seminaitalk atthe LandessternarteHeidelbeg, Germary, 9.6.2004 M. Trdller
Digital Backends+ digital BBC meeting MPIfR, Bonn,Germary 6—7.9.2004,). Ritakari

The 4th ENIGMA meeting,Perugia,ltalia, 5-9.10.2004). Torniainen,Talk “Host galaxiesof CSSradio
sources”M. Troéller, M. Tornikoski, E. Valtaoja

3rd eVLBI Workshop Makuhari,Japan6-7.10.2004). Ritakari

9.3 National Meetingsand Talks

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

Evolutionof BL Lachostgalaxies seminaitalk atthe Helsinki University, Obsenatory, 31.3.2004M. Troller

9.4 Participation in winter and summer schools

ENIGMA winter school,Jerisjarvi,Muonio 19-25.4.2004\. TorniainenM. Troller

Cosmologyand Plancksummerschool, Tuorla, Piikkid 31.5-4.6.2004T. Hovatta, M. Parviainen,l. Torni-
ainen

Graduatecoursesn physics,University Heidelbeg, Germary, 11-15.10.2004M. Troller

9.5 Public Relations

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

Newspaperdamulehti,March 29th,interview with M. Tornikoski aboutmannedspace ight.
NewspaperAamulehti,March31st,article aboutthelecture& debateaventatthe University of Tampere.

NewspapeKirkkonummersanomatApril 1st,aboutthe 30thanniversaryof Metsahei.
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NewspapeiastraNyland, April 2ndandApril 7th, aboutthe 30thanniversaryof Metsahai.
NewspapelLansivayla, April 4th,aboutthe 30thanniersaryof Metséhei.

TV2 News, April 5th 17:50,aboutthe 30thanniersaryof Metsahei (interview with M. Tornikoski).
NewspapeHelsinginsanomatSciencesection) May 11th,aboutthe 30thanniersaryof Metsahei.

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

GeneralMetsahei toursandshorttalks aboutradio astronomicatlesearcto mary visiting groups,S. Urpo,
H. TerasrantaM. Tornikoski, E. Oinaskallio.
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10 Personnelin 2004

Permanent Positionsfunded by the Helsinki University of Technology

Urpo, Seppo Prof.,Dr.Tech. Directorof theinstituteuntil 29.2.2004 Seppo.Urpo@hut.
Docent,professoemeritus
Tornikoski, Merja, Dr.Tech. Acting directorof theinstitute Merja.Tornikoski@hut.

from 1.3.2004 appointeduntil 31.12.2006
Docentof RadioAstronomyand
SpaceTechnology
AcademyResearclirellow, until 29.2.2004
Academyof Finland,ResearctCouncil

for NaturalScienceandEngineeering

Hurtta, Solweig, Ms. DepartmenBecretarypart-time Solweig.Hurtta@hut.

Mujunen,Ari, M.Sc.(Tech) Laboratoryengineer Ari.Mujunen@hut.

Oinaskallio,Erkki, Mr. Technicianfull-time 1.1-31.7.2004 Erkki.Oinaskallio@hut.
part-timel.8-31.12.2004

Peltonen,JuhaniDr.Tech. Laboratoryengineerpart-time jussi@kurp.hut.

Ronnbeg, Henry, Mr. Mechanician

Scienti ¢ and Technical Staff Funded by Reseach Contracts

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

Koski, Minttu, Engineer Researchepart-timeuntil 31.7.2004 minttu@kurp.hut.

Kotiranta,Mikk o, student Researclassistantfull-time 17.5-31.8.2004
part-time13.9-31.12.2004

Liljestrédm, Tarja, Dr.Phil. Researchepart-timeuntil 31.8.2004 tml@hut.

Lindfors, Timo, student non-military serviceuntil 6.7.2004 lindi@kurp.hut.

researclassistantfull time 13.7-31.8.2004
part-time18.10-31.12.2004

LahteenmakiAnne,D.Sc.(lech.) Researcher alien@kurp.hut.
ParviainenMikko, M.Sc.(Tech.) Researcher pare@kurp.hut.
Ritakari,Joulo, M.Sc.(Tech) Researcher jr@kurp.hut.
SalorantaPia-Maria,M.Sc. Researclassistantpart-timeuntil 31.8.2004 pia@kurp.hut.
Sjoman,PekkaM.Sc.(Tech) Researchef.1-29.2.2004 psj@kurp.hut.
Terasrantaiarri, Dr.Tech. Researcheuntil 30.6.2004 hte@kurp.hut.
Torniainenllona,M.Sc.(Tech) Researcher ilo@kurp.hut.
Troller, Mirko, M.Sc. Researcher mtr@kurp.hut.

Metséhovi Advisory Committee

Korpela,SeppoDir. TanskanenPekka, Prof.
Pellinen,Risto, Prof. Tiuri, Martti, Prof.emer, M.P. (Chair)
SomervuoPekka,Dr.Tech. Urpo, SeppoProf. (Secretary)
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