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Early years 1951-1966
— Radio Astronomy Station of the University of Helsinki
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“Primus motor”:
Jaakko Tuominen (1909-1989)

« Theorist who had spent long periods abroad,
and brought modern astrophysical research
to Finland

« Extraordinary professor in University of
Helsinki (UH) from 1951

« Got interested in radio astronomy and
wanted to start experimental work in Finland;
had blue prints of radio astronomical
receivers from NL

« Contacted the Helsinki University of
Technology (HUT) to recruit an engineering
student for building radio astronomical
equipment — the kick-off meeting was held
on 12.9.1951

A! URSI GASS 2026 - Tuomas Savolainen 18.8.2026 3




The dynamo:
Jorma Riihimaa (1929-2011)

Engineering student recruited by
Tuominen. A very talented instrument
builder.

Interested in radio astronomy already in
1948 after reading about Seeger’s
detection of Solar radio emission

« Correspondence with Charles Seeger,
Martin Ryle and Jaakko Tuominen

» Built the first radio telescope in Finland
in 1949

Studies in the USA in 1958-1960

PhD from HUT on Jupiter decametric
burst spectra in 1966
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Radio Astronomy Station (1952-1966)

« University of Helsinki founded a radio astronomy station in 1952 with the first field station was on a
reseach farm in ViikKki

» First observing frequencies were 81.5, 79 and 45 MHz; all the equipment were built in-house

* In the 1950s, observations were made of radio source occultations, solar eclipses, and the scintillation of
Cas A.
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Connections to Cambridge, UK

Both Tuominen and Riihimaa visited Ryle in
Cambridge in different occasions in 1951-1952

Ryle introduced Riihimaa to the new phase-
switching interferometer, which was then built by
Rithimaa in Helsinki

According to Riihimaa, this was the only such unit
outside of UK ;@Agslalia

First phase-switch unit built by Riihimaa
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Ryle’s handwritten tuning instructions for the phase-switch

(from Riihimaa’s notebook)
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Observations with the 81.5, 79 and 45 MHz phase-switching

interferometers (1953-1959)

Flrst detectlon of Cas A at 81.5 MHz
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Scintillation of
Cas A at 45 MHz

ANNALES D’ASTROPHYSIQUE

18¢ ANNEE - N° 3 MAJ-JUIN 1955

THE SOLAR ECLIPSE OF JUNE 30, 1954

AS OBSERVED IN HELSINKI ON WAVE.-LENGTH 3.7 METERS

by J. Tvominex, J. RitHiMaa and K. TuomL

0% T

derrver conlact éclpse maximum 1 contact

F1c. 2. — Percentage of solar radiation received during the eclipse as a function of time.
Observed values.
......... O’Brien’s values (based on circular symmetry).
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Spectroscopy of solar radio bursts and Jupiter decametric radio

ursts (1960-1966)

no.so21  January 22, 1966

LETTERS TO

RADIO ASTRONOMY

High-re Spectra of D ic
Radio Bursts from Jupiter

A PREVIOUS oxperiment relating to the fine structure in
the dynamic spectra of decametric radiation from Jupi-
ter!® was ropoated during tho 1964 apparition of tho
plnnom but using different techniques of observation.

The main instrument was a high-resolution multi-
channel spoetrograph. The contro
to 19-0 Me/s and the others at 5
sides of it—their 3 and 40 dB ban
50 ke/s, rospec The number of channels variod
from 10 to 14. The dynamic spoctra were recorded
photographically from intonsity-modulated indi
the time constant of integration being 30 msec. The
aerial was a two-element collinear array with driven
roflectors.

phaso-switehing interferometers wore used to
identify the Jovian radio bursts. One i
type sweeping, repeat 6
Me/s. The dynamic specira with phase were recorded on
colour film from an intensity-modulated white-phosphor
eathodo-ray tubo dvsplay, in front of which a colour disk
with red and gro zod to rotate
with the broad-band phase-switch. The other inter-
foromoter was of & single-frequency type (working at
19-3 Mo/s) driving a pen recorder. The acrials consiste
respoctivoly of two horizontal biconical dipoles with
roflecting seroens, and two three-element Yagi aerials,
the baselines oxtonding a fow wave-longths in tho cast—
wost direotion.

The multi-channel spectrograph was operated for 4-5 h
each night from September 1 to December 15, 1964, and
the othor roceivers continuously over the same period.
Almost no_local interforonce was experienced at either
of the two isolated sites of observation and the low night-
time values of tho ionosphoric critical ponetration fro-
queney resulted in the absenco of long-range interference
during the Jovian transit:

Only the strongest bursts were recorded with the high-
resolution equipment, the total number of nights with
activity being 33. Most of the recordings showed roughly
similar variations of intensity with time from channel to
channel, indicating radiation band-widths of the order of
500 ke/s or more, the durations ranging from a few seconds
o & fow tons of seconds. On 14 nights recordings were
obtained in which the variations were not similar at all,
indicating fine strueturo composed of pulses with band-
widths of the order of 50 ke/s or less. The duration of

annel was tuned
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The probability of occurrence as a function of System
TIT contral meridian longitude® is shown in Fig. 2a, the
shaded profile denoting narrow-band structure. The
rolatively low over-all gain of the multi-channel installa-
tion results in low values of probabilitics. Following tho
precedence of Bigg* the storms aro plotted in Iig. 26 on
tho co-ordinato systom of the longitude of tho Jovian
satellite To in its orbit, measured from superior geocentric

pulses variod from the time of the instrument
to & fow seconda. A typioal apeatrom in seproduosd. in
Fig.

and tho radio longitude. Horo the width
of the lines ls closely related to the total duration of the
bursts in equal intervals of observing time.

2048 U1,

Fig. 1. A Jovian radio burst recocded with a multi-channel spectrograph showing a different variati
channels, tuncd at 50-ke/s intervals. System ITT longitude is 1

2049
f intensity with time In each of the

Jupiter instruments in
. Metsahovi in 1966

1t is worth noting that the trains of short-duration
pulses observed in 1963 (rofs. 1 and 2), which occurred at
radio longitudes of tho contral meridian of 140°-190°
and Lo's position of 55°~75°, seem to bo a difforont spoctral
phonomonon, although thoy woro not recorded with
cortainty in 1964

It is possible that thoso observations indicate somo
variations in the spectral fino structuro depending on the
positions of tho radio systom and the satellite To. Various
authors®-” have diseussed the Jovisn decamatric emissions
prosuming sowe iud of exospherio disturbances; tho

xtension of tho presont experiment to wesker radio
Clorms would probably have some interost in studying
the nature of the disturbances produced by the satellite.

J

J. Ruraimaa

Radio Astronomy Stution,
University of Holsinki,
Finland.

Rithimaa, » Nature, 202, 476 (1064),
* ihimaa, J. 1., Annal, Acad. e P,
* Intern, Astro, Union Injorn.
* Bigg, . K., Nature, 203, mea (xou)
m A'lvmmmwzl FEphemeris

ond \[c(fullnrh P M Austral. J. I‘Ayn 15, 380 (1063).

) 2, 1 (19¢

VI, Phys,, 156 (1964).
S (Mareh 1962).

it

In DTM in 1960, Riihimaa designed the first
20-30 MHz voltage-tuned swept-frequency
spectrograph. One copy was sent to Finland
and used for solar radio burst observations

In Finland, Riihimaa designed and built a
swept-frequency inteferometer for Jupiter
decametric burst observations. The
observations were made in Metsahovi.

Jupiter work resulted in 3 Nature papers in
1964-1966 describing spectra of different
burst classes
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Radio astronomy in the Helsinki University of Technology
(1962-)
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Martti Tiuri (1925-2016) Seppo Urpo (1941-2005)

PhD (1960) on radio reflections from satellite-
produced ion trails

Visiting professor in Ohio State University (1961- % | o

1962); develops radio astronomical receivers and « Tiuri’s student, who led the construction of the
later writes a chapter on receivers in the book “Radio 14-m radio telescope in Metsahovi and later
Astronomy” by John D. Kraus became professor and the director of the
Professor of radio technology in HUT from 1962 observatory (1988-2004)

Metsahovi 14-m mm-telescope was Tiuri’s idea (likely  PhD (1982) on mm-wavelength observing
influenced by Kraus) and he organized funding for it methods: later research focused on Solar mm-

wave observations
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mm-wavelength radio telescope — a big dream

« After returning from Ohio in 1962, Tiuri has the
idea of building a mm-wavelength radio
telescope in Finland. It takes a decade to
gather funding.

* Funding comes from several sources: HUT,
Finnish National Broadcasting Corporation,
Post and Telegraph Office, and Technical
Research Centre of Finland.

« Telescope was ordered from Electronic Space
Systems Corporation (ESSCO; USA) in 1972.

CSUIF 30 pon
OOOOOOOOOOOOOO
oooooooooooooooo

Helsinki  22.3.1972
No  2334/419/72
vite Tekmillisen korkeakoulun kirje
21.2.1972 n:o 681/33/72
Asia Tekmillisen korkeakoulun perus-—

Teknilliselle korkeakoululle

Viitekirjeesséd tehdystd esityksestd ja asian oltua 15.3.1972 valmis-
tavassa raha-asiain kisittelyssi valtiovarainministeridssi opetusminis-
i orkeakoulun tilaamaan korkea-
essori Martti Tiurin tutkimukseensa
aboloidiantennilaitteiston, jonka
en korkeakoulun osuus on
en mukaisesti 1,15 milj.markkaa
suus 0,6 milj.markkaa. Loput 0,05
milj.markkaa suorittaa valtion teknillinen tutkimuskeskus. Kuluvana
vuonna korkeskoulu saa suorittaa laitteiston osamaksuna kaikkiaan
500 000 markkaa, miki meno suoritetaan 300 000 markan osalta kuluvan
vuoden tulo- ja menoarvion momentilta 29.27.70 seki 200 000 markan

osalta vuosina 1970 Jja 1971 korkeakoulun tarkoitukseen varaamista
perushankintamifirirahoista.

Opetusministeri

Af ~Sundqvist
7
Esittelija _C)Z'Z/” /“ﬁ&
111111 Sefpd Tiitinen e

TIEDOKS

Professori ¥artti Tiuri

Posti- ennitinhallitus

Valtion telmillinen tutkimuskeskus
ST/kp

Decision letter from the ministry of education giving
HUT a permission to order a radio telescope (1972)
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Building “The Great Pumpkin” in Metsahovi (1973-1974)
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First light on the 11th of April 1974 — Sun at 11 GHz

/g W 303"? / " 22
/-—»91 c o'/H ‘ h nd oS
1o 38 /530”32
=1 : P
2H 06 ,‘7%,
(~0.52°)
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Astronomical use of Metsahovi starts (late 1970s — early 1980s)

Astron. Astrophys. 71, 198—204 (1979)

ASTRONOMY
AND
ASTROPHYSICS

Contimuum Observations of the H i Regions W51 A, W 3 (Main),

W49 A and DR 21 at 3.9 mm

L. Malkamiki!, G. Sandell?>!*, K. Mattila!, and K.-H. Gebler®

! Observatory and Astrophysics Laboratory, University of Helsinki, T4htitorninmaki, SF-00130 Helsinki 13, Finland
2 Radio Laboratory, Helsinki University of Technology, SF-02150 Esbo 15, Finland
3 Radioastronomisches Institut der Universitit Bonn, Auf dem Hiigel 71, D-5300 Bonn, Federal Republic of Germany

Received December 21, 1977; revised April 10, 1978

Summary. The 13.7-m radio telescope at the Metsidhovi
Radio Research Station equipped with a 76 GHz mixer
receiver has been used to observe the continuum emis-
sion of the Hu regions W 51 A, W 3 (Main), W 49 A,
and W 75/DR 21. The 3.9 mm flux densities for W 3
(Main), W49 A, and W 75/DR 21 are in good agree-
ment with previous observations and are consistent
with pure free-free emission. For W 51 A we have de-
tected an excess emission. It has been interpreted as
thermal emission by heated dust associated with the
dense molecular cloud.

Key words: H1i regions — dust — radio radiation

In the present paper we report the observations at
3.9 mm of the Hi regions W 51 A, W 49 A, W 3 (Main)
and W 75/DR 21, carried out with the 13.7-m telescope
at the Metsihovi Radio Research Station. For W 51 A
an excess emission above the expected free-free radia-
tion has been detected, and it is interpreted in terms of
thermal emission from heated dust grains.

1I. Instrumentation

a) Antenna

URSI GASS 2026 - Tuomas Savolainen
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Astronomical use of Metsahovi starts (late 1970s — early 1980s)

Flux density (Jy)

Collaboration with University of Turku on observing
quasar variability at mm-wavelengths

Long-term monitoring at 22/37/87 GHz which is still ongoing

Established shocks in the jet as the main driver of radio-mm
variability in blazars

Major contribution to understanding the radio-gamma-ray
connection in blazars

Mauri Valtonen Esko Valtaoja
1 LETTERS TONATURE. NATURE VOL. 314 14 MARCH 1985 Astron. Astrophys. 203, 1-20 (1988) ASI‘IXI)\II}I)OMY

6. Valtaoja, E. ef al. Nature 314, 145149 (1985). |
. 7. Nather, R. E. Vistas Astr. 18, 91-112 (1973). a S
e e A 5L L1 T 7, ASTROPHYSICS

9. Miller, J. S, French, . B. & Hawley, S. A. Pitsburgh Conf. on BL Lac Objects (ed. A. N.
‘Woife) 176-191 (University of Pittsburgh, 1978).
+ 10. Vila, S. C. Astrophys. J. 234, 636-640 (1979).

= 11. Graver, A. D. Astrophys. J. 277, 77-81 (1984).
12. Sunyaev, R. A. Soviet Astr. 16, 941-943 (1973).
13. Paczynski, B. & Wiita, P. J. Astr. Astrophys. 88, 23-31 (1980).
14. Abramowicz, M. A. & Nobili, L. Nature 300, 506-508 (1982).
15. Blandford, R. D. & Rees, M. J. Phys. Scr. 17, 265-274 (1978).
16. Sikora, M. Mon. Not. R. astr. Soc. 19, 257-268 (1981).

Five years monitoring of extragalactic radio sources
II. Quiescent spectra and the evolution of outbursts

A 15.7-min periodicity in OJ287

E. Valtaoja', S. Haarala', H. Lehto!'*, L. Valtaoja', M. Valtonen', L.G. Moiseev?, N.S. Nesterov?, E. Salonen®, H. Terisranta,
S. Urpo®, and M. Tiuri®

! Turku University Observatory, University of Turku, Itdinen Pitkikatu 1, SF-20520 Turku, Finland
2 Crimean Astrophysical Observatory, USSR Academy of Sciences, Simeiz, USSR
3 Radio Laboratory, Helsinki University of Technology, Otakaari 5A, SF-02150 Espoo, Finland

E. Valtaoja*, H. Lehto*, P. Teerikorpi*f,
T. Korhonen*, M. Valtonen*, H. Teriisrantaf,

T E. Salonent, S. Urpof, M. Tiurif, V. Piirola§
& W. C. Saslaw||

*Turku University Observatory, University of Turku,
20520 Turku 52, Finland

# Radio Laboratory, Helsinki University of Technology, THE ASTROPHYSICAL JOURNAL, 590:95-108, 2003 June 10
. 02150 Espoo 15, Finland
§ Astronomical Observatory, University of Helsinki, ©2003. The American Astronomical Society. All rights reserved. Printed in U.S.A.
00130 Helsinki 13, Finland
| University of Virginia, Dy of Ie

Virginia 22903, USA

“
T TESTING OF INVERSE COMPTON MODELS FOR ACTIVE GALACTIC NUCLEI WITH GAMMA-RAY
AND RADIO OBSERVATIONS

A. LAHTEENMAKI

1985 1990 1995 2000 2005 Metsiihovi Radio Observatory, Helsinki University of Technology, FIN-02540 Kylmiild, Finland: alien@kurp.hut.fi
Date AND 18.8.2026 15
E. VALTAOIA

Viisild Institute of Space Physics and Astronomy, Tuorla Observatory, University of Turku, FIN-21500 Piikkio, Finland;
and Department of Physical Sciences, University of Turku, FIN-20100 Turku, Finland; esko.valtaoja@utu.fi
Received 2002 April 19; accepted 2003 February 18



RadioAstron 22 GHz receiver project

Soviet RadioAstron space-VLBI mission

After NRAO had to back out from building
a 22 GHz receiver for RadioAstron, HUT
radio lab seized the opportunity in 1987

Finland built the original K-band receiver
for the spacecraft and Metsahovi was
supposed to work as a ground station in
space-VLBI experiments — start of the
VLBI activities in Metsahovi

Launch of RadioAstron delayed until 2011
— still, one of the key science programs
was led from Metsahovi!

L] 0.6 707“
Savolamet l (2023)

C1 (core)

Relative R.A. {mas)

—2.2026
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Space projects: Odin and Planck

Odin (Sweden-Canada-Finland-France)

Combined Earth Observation and

Astrophysics mission operating radiometers .
in mm- and sub-mm bands

Finland built the 119 GHz receiver

Odin was 25 years in space — launched in

2001 and the mission ended on August 3 .
2026

PIanck (ESA)

Cosmic microwave background mission

Finland built the 70 GHz receiver and
HUT/Aalto, UH and UT participated in the
science program; Metsahovi developed a quick-
look system for flare alerts

Launched in 2009, mission completed in 2013

URSI GASS 2026 - Tuomas Savolainen 18.8.2026
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Start of VLBI observations in Finland

M ets é h OVi V L B I a CtiViti es Metsidhovi - Pico Veleta Metsidhovi - Effelsberg

File: 102—014000/BZ.L.8.mfagwy

H-maser and Mk2 terminal in 1990, first VLBI observations in e 140002 ot g Sodrce: 3C2738 SNR: 19.53 First 3mm fi
- ile: 102— *Z.L.4.mfafw g &> Irst omm 1ringes

1991 (2 global sessions at 22 GHz) o SO;C/MB t - 1 = o Motsihot i

Associate member of the European VLBI Network since 1991 N ’ 2o April 1997.

In-house built VLBA terminal completed in 1993 351 z

First 3 mm VLBI fringes in 1997 and first 7 mm fringes in 1998 7 Recid. rote’(psec/se0) i

. Resid. rateo( sec/sec)

Successful 2 mm VLBI experiment between MRO and IRAM '

30-m in 2001

Regular geodetic S/X VLBI observations since 2004 A 390, L16122 (0002 Astronomy
DOT: 10.1051/0004-6361:20020893 —_—
©ES0 2002 Astrophysics

0TS
V- O 147 GHz VLBI observations: Detection of 3C 273 and 3C 279

= s . N on the 3100 km baseline Metsahovi — Pico Veleta

A. Greve', P. Kononen”, D. A. Graham?, K. Wiik*2, T. P. Krichbaum?, J. Conway’, F. Rantakyrc®, S. Urpo?,
M. Grewing', R. S. Booth’, J. A. Zensus®, D. John’, S. Navarro’, A. Mujunen?, J. Ritakari®, J. Peltonen?,
P. Sjoman?, E. Oinaskallio?, and M. Berton'

Hartebeesthoek
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VLBI recorders and data transfer records

VLBI recording systems developed at
Metsahovi
* 1994-2000: 1 Gbps EMU-EVN MarklV upgrade

(new MarklV compatible read/write electronics to
many EVN stations, DSN and geodetic stations)

« Early 2002-2006: PC-EVN — a VSI-standard based
recording system using COTS PC hardware

« 2010-12: Flexbuff, a widely used disk-based VLBI
recording system

VLBI data transfer developments

* Modified Tsunami protocol — e-transfer at 512 Mbps
(2005; lab test), 1 Gbps (2006) and 7 Gbps (2008)

* Areal-time radio signal streaming between Onsala and
Metsahovi at 4-8 Gbps in 2008

ndn-funet load (samples) on 2008-06-17, capacity 9953000 kbhit/s

Gev06 | Internet traffic between
NorduNET and Funet
during Mh-On 10G test

khit/s

,,,,,,,,

0 5 10 15 20 25
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Radio Astronomy in Finland today

150
using Metséhovi
100
50
500pas
0
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

KQ-band elliptic mirrors W-band integrated receivers
! KQ-band horns

VGOS Station

(National Lar@tfﬁ

cryostat
extension for KQ-
band noise

g couplerand OMT
entrance

lenses W-band elliptic mirrors

dichroic Lens cooling rods
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Sources:

« Memoirs of Jorma Riihimaa (“Radioastronomian
vaiheita suomessa 1949-1966", unpublished, 1995)
Memoirs of Seppo Urpo (“Hajatarinoita Kurpitsan
historiasta 1”7, unpublished, 2004)

Memoirs of Antti Raisanen (“Radiolaboratorion
maratoonari”, 2019)

Metsahovi Radio Observatory Annual Reports 1988-
2011

Special thanks to Ari Mujunen, Joni Tammi, and Ahto
Apajalahti
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Backup
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Science in Finland after the second world war
— scarce resources

« Science funding by the Finnish state reached the level of 1938 only in the early 1960s

« It was difficult to get components: no transistors were available, and the availability of
especially miniature tubes was limited

» Help from the US (both official programs and Tuominen’s personal contacts)

« Tuominen’s contacts (including multi-millionaire Waino Hoover) sent components and
even instruments

« ASLA-Fulbright funding for instruments and Riihimaa’s stipend to Colorado and
Washington DC

« Many American astrophysicists visited the Radio astronomy station, including Donald
Menzel, Allen Hynek, and Nancy Roman
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