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News Items 
Greetings Commission J Members!  

• Planning for the 2020 URSI General Assembly and Scientific Symposium continues.   At present,
the only session lacking conveners is Session J04:  “Very Long Baseline Interferometry.”  Please 
consider volunteering to organize this interesting session!   The confirmed conveners are listed on
the latest version of the Commission J program given below.   

• The International Astronomical Union (IAU) is also celebrating its centennial this year and so we 
are exploring the possibility of a joint URSI / IAU session at the 2020 URSI GASS.  This is 
tentatively listed as Session J12.  

• As promised, the Activities Spotlight has returned this month with a wonderful article by N. S. 
Kardashev, Y. Y. Kovalev, P. G. Edwards about the past, present, and future of RadioAstron.   Yuri
is also one of the conveners of URSI 2020 GASS session J02 “Recent and Future Space 
Missions.”   I thank all of the authors for this nice contribution to our Newsletter, with special 
thanks to Yuri for organizing this article and service to URSI.   

• New entries have been added to the Jobs Postings section of the Newsletter this month. 

• My apologizes to Willem Baan for missing the announcement of the URSI-sponsored workshop  
RFI2019: Coexisting with Radio Frequency Interference, which prompted a special mailing last 
month.  I include the announcement in this Newsletter for reference.  Although the abstract 
deadline has passed,  late papers may be considered.   

Submitted by R. Bradley

mailto:rbradley@nrao.edu


2020 URSI  General Assembly and Scientific Symposium  (2020 URSI GASS)
Rome, Italy  29 August - 5 September 2020   

 *** Tentative Program for Commission J – GASS 2020 ***
Sessions:
J01: New Telescopes on the Frontier 

Conveners: Nipanjana Patra, Jeff Wagg

J02: Recent and Future Space Missions
Conveners: Joseph Lazio, Heino Falcke, Yuri Kovalev

J03: Single Dish Instruments
Conveners: Alex Kraus, Anish Roshi

J04: Very Long Baseline Interferometry
Conveners: TBD

J05: Millimeter/Submillimeter Arrays
Conveners: Sheng-Cai Shi, Raymond Blundell

J06: Receivers and Radiometers: Design and Calibration
Convener: Jacki Gilmore, Douglas Hayman

J07: Digital Signal Processing: Algorithms and Platforms
Conveners:  Grant Hamspon, Albert-Jan Boonstra

J08: Short-Duration Transients, FRBs, and Pulsars: Observations, Techniques, and Instrumentation
Conveners: Jason Hessels

J09: The Impact of Radio Astronomy on Technology and Society
Conveners: Richard Schilizzi, Leonid Gurvits, Ken Kellermann, Richard Wielebinski

J10: Latest News and Observatory Reports
Conveners: Rich Bradley, Douglas Bock

J11: Big data: Algorithms and Platforms
Conveners: Stefan Wijnholds, Maxim Voronkov

J12: Technologies for the SKA, ngVLA, and ALMA2030 (Joint URSI/IAU Session)
Conveners: Anthony Beasley, Carole Jackson

Workshops and Shared Sessions
Workshop:  Characterization and Mitigation of Radio Frequency Interference (Commissions JEFGH)

Conveners: Amit K. Mishra (F), David M. Levine (F), Frank Gronwald (E), Richard Bradley (J)

Workshop: Some aspects of radio science in space weather (Commissions GHJ)
Conveners: Iwona Stanislawska (G), Richard Fallows (J), Patricia Doherty (G), Mauro 
Messerotti (H/J), Baptiste Cecconi (H/J), Vivianne Pierard (H), Janos Lichtenberger (H), 
Willem Baan (J)

Mutual benefit between radio astronomy and ionospheric science (Commissions JG)
Conveners: Claudio Cesaroni (G), Maaijke Mevius (J)

Spectrum Management (Commissions ECJ)
Conveners: Amir Zaghloul (C), Tasso Tzioumis (J), Jose Borrego (E)

Solar, Planetary, and Heliospheric Radio Emissions (Commissions HJ)
Conveners: Patrick Galopeau (H), G. Mann (H) and H.O. Rucker (H), Pietro Zucca (J)

The polar Environment and Geospace (Commissions GHJ)
Conveners: Lucilla Alfonsi (G), Nicolas Bergeot (G), Mark Cliverd (H), Stefan Lotz (H)



Workshop Announcements

RFI2019: Coexisting with Radio Frequency Interference

Dear URSI Colleagues:

The URSI-sponsored workshop RFI2019: Coexisting with Radio Frequency Interference
will be held in Toulouse, France from 23 - 26 September, 2019.   This meeting will bring 
together researchers from Remote Sensing, Space Physics, Ionospheric Research and Radio 
Astronomy in order to discuss RFI issues and methods to combat the RFI in our data.
The website for RFI2019 is simply http://rfi2019.org  and the author registration deadline is 
August 15, 2019.  Late papers may be acceptable.  

Kind regards,
Willem Baan
Paolo di Matthaeis

----------

High-Resolution Radio Interferometry in Space: 
Second International Meeting 

Following the spectacular images from the Event Horizon Telescope and the successful Space 
VLBI missions HALCA and RadioAstron, there is growing interest in the next set of Space 
VLBI technical concepts, including next-generation constellations and millimeter-wavelength 
systems.  This meeting is a second in a series of international meetings, the first of which was 
held at Noordwijk in 2018, <URL: https://www.ru.nl/astrophysics/@1164989/future-high-
resolution-radio-interferometry-space/ >.  The focus of this second meeting is to review black 
hole and other Space VLBI science cases, and begin to assess the maturity of the relevant 
technologies and needed technology developments and roadmaps.

Date: 2020 January 27–29 (TBC)
Venue: NRAO, Charlottesville, VA

http://rfi2019.org/
https://www.ru.nl/astrophysics/@1164989/future-high-resolution-radio-interferometry-space/
https://www.ru.nl/astrophysics/@1164989/future-high-resolution-radio-interferometry-space/


Activities Spotlight

International Space VLBI project RadioAstron

N. S. Kardashev1, Y. Y. Kovalev1, P. G. Edwards2

1Astro Space Center of Lebedev Physical Institute, Moscow

2CSIRO Astronomy and Space Science, PO Box 76, Epping, NSW 1710, Australia

For seven and a half years, instead of the planned three, the radio telescope on the Russian Spektr-R

spacecraft successfully  operated in space following its  launch in 2011. Together with the largest

terrestrial radio telescopes in many countries of the world, the RadioAstron mission allowed us to

study distant and bright objects in the Universe — quasars, pulsars, celestial masers. In early 2019,

observing was suspended due to technical problems, and in May spacecraft operations were ended,

although the processing of the collected data is still ongoing. The article briefly discusses how the

mission started, how the observing phase went,  and the results achieved by the largest Russian

astrophysical experiment of the 21st century.

The 10-m Space Radio Telescope. Copyright: A. Zakharov, IKI design.



How did it all start?

Thirty-four years after the beginning of radio astronomy, Soviet scientists Nikolai Kardashev, Gennady

Sholomitsky and Leonid Matveenko proposed how to significantly increase the resolution of radio

telescopes, that is, the ability to distinguish the smallest details during an observation. The idea was

to use several parabolic antennas simultaneously, placed at great distances from each other. The

technique was called Very Long Baseline Interferometry (VLBI).  The essence of the idea was the

ability to receive a radio signal from one source at several antennas, separated by large distances, at

the same time, which was equivalent to the signal being received by one antenna with a diameter

equal to the distance between the receiving antennas.

VLBI allows the study very remote and very compact celestial objects, if they are strong sources of

radio waves. The greater the distance between the antennas, the better the angular resolution of the

system.  Realizing  the  prospects  that  such technology  offered,  scientists  from different  countries

quickly agreed to collaborate and make use of all the large radio telescopes in the world to observe

the  most  interesting  astronomical  objects.  The  only  limitation  was  not  the  borders  between

countries, but the diameter of the Earth, on which the antennas are located. The logical solution to

this problem, providing an even greater increase in the resolution of telescopes, was to place at least

one antenna into orbit.

Schematic view of the Space Very Long Baseline Interferometer. Copyright: Roscosmos



The first experiment with a space radio antenna in the Soviet Union was conducted at the near-Earth

long-term orbital station Salyut-6. Cosmonauts Vladimir Lyakhov and Valery Rumin launched a 10-

meter radio telescope in 1979. The space radio telescope was tested and the effectiveness of the

technology was confirmed.

Soviet postage stamp in honor of the flight of Salyut-6 with the 10-m space radio telescope in 1979.

The Soviet Union started the development of the RadioAstron space radio telescope project in the

early 1980s, but events related to the collapse of the USSR prevented production and launch.

For a decade the project languished but, in the 2000s, scientists and engineers of the Astro Space

Center (ASC) of the Lebedev Physical  Institute of the Russian Academy of Sciences, conducted a

significant revision of the mission, incorporating a number of advances in science and technology. As

a result, the Lavochkin Association and ASC were able to re-invent the space observatory. Technical

difficulties included the development and launch of a space radio telescope with a folding antenna

with a diameter of 10 m, which needed to be deployed with surface deviations of not more than 1

mm. The system for the automatic opening of the antenna and the satellite bus were created in the

Lavochkin Association. The spacecraft was named Spektr-R (Spectrum-R, with the R for Radio).



The unfolded Spektr-R antenna in the assembly complex of Lavochkin Association. Copyright: Lavochkin.

Radio interferometry with very long baselines requires highly accurate determination of the time of

data  sampling  on  different  antennas.  Only  when the  recordings  of  signals  received  by  different

antennas coincide in time can they be correlated, or combined, into one common signal (effectively

“focusing” the combined signals). To do this, each radio telescope participating in the VLBI network

is equipped with a hydrogen maser frequency standard — an ultra-precise atomic clock. For ground-

based telescopes there are no major problems with this requirement, but to ensure the operation of

the radio telescope in orbit, the satellite also needed an atomic clock that was sufficiently accurate,

of small mass and size, and ready for the harsh conditions of space. A compact hydrogen frequency

standard was specially developed for RadioAstron by the Nizhny Novgorod company Vremya-Ch.

The accumulation and correlation of scientific data was performed at the ASC Lebedev in Moscow.

Later, the Max Planck Institute (Germany) and the Joint Institute for VLBI in Europe (the Netherlands)

also took part in the correlation of the RadioAstron project information.



Beginning of work

The launch of the Spektr-R

spacecraft with a 10-meter

space radio telescope on

board took place in July 2011

from the Baikonur

cosmodrome. The Zenit-2

rocket and the Fregat upper

stage brought the satellite

into a regular orbit. Five days

later the 27 petals of the radio

telescope successfully opened

like an umbrella.

The orbit for the space radio

telescope was chosen to be

highly elongated. The highly

elliptical orbit varied from

about 1,000 km from the

Earth's surface at the closest

point to 350,000 km at the

farthest. Such an orbit allows

observations at different

distances from ground-based

observatories, i.e., changes

the length of the baseline,

which determines the angular

resolution of the ground-

space interferometer. The

maximum baseline length of

the RadioAstron

interferometer was almost 27

Earth diameters.

The orbital  period of  the Spektr-R satellite  was  about  9  days.  The project  required two ground

tracking stations to receive scientific data in real time. In the eastern hemisphere, communication

was maintained by the 22-meter radio telescope of the Pushchino Radio-astrophysical Observatory

Folded Spektr-R Space Radio Telescope in the assembly complex 

of Lavochkin Association. Copyright: Lavochkin.



near  Moscow.  From  2013,  communication  and  data  reception  in  the  western  hemisphere  was

provided through the 43-meter radio telescope of the Green Bank Observatory in West Virginia.

The Pushchino RT-22 RadioAstron tracking station. Copyright: ASC Lebedev.

For the first three months after launch, engineers and scientists analyzed the performance of the

satellite bus and scientific systems, carried out tests switching devices, and checked for discrepancies

between the calculated and actual characteristics. In September 2011, the telescope saw its “first

light”  with  successful   observations  of  the  radio  emission  of  supernova  Cassiopeia  A.  After

confirming that  the receivers were functioning at all four bands — covering wavelengths of 92 cm,

18 cm, 6 cm and 1.3 cm — the observatory switched to tests in the interferometer mode.

In November 2011, a series of ground-space experiments with radio telescopes from Russia, Ukraine,

Europe  and  the  United  States  confirmed  that  the  telescope  was  capable  of  operating  in

interferometric  mode.  The RadioAstron project officially  started.  See for  details  Kardashev et  al.

(2013).



Science program

The first two years of RadioAstron’s work were carried out according to an early scientific program. It

included observations of the nuclei of active galaxies, pulsars, and celestial masers, together with the

largest radio observatories in the world. Experience was gained in the operation and performance of 

the radio telescope in space, the prediction and measurement of the spacecraft’s orbit, and the 

processing and correlation of data. 

RadioAstron interferometric signal from the quasar 3C273. 

Kovalev et al. (2016)

The capabilities of the radio telescope on the Spektr-R were assessed in several ways:

1. dependence of the quality of observations on the distance between the Earth and the 

spacecraft, i.e. from the baseline length of the interferometer. First, observations were made 

on shorter baselines, then the distance was increased, increasing the complexity;

2. reception of signals in different wavelength bands - radio waves of different wavelengths 

interact in different ways with the interstellar medium and also yield different angular 

resolutions (the shorter the wavelength, the higher the resolution of the telescope);

3. coherence time - the length of time over which the received signal could be integrated 

without significant loss due to phase variations;

4. interaction with numerous scientific institutes and ground radio observatories all over the 

world.



The results confirmed the new opportunities that opened up to radio astronomers around the world.

The  angular  resolution  of  the  ground-space  interferometer  was  ten  times  higher  than  radio

interferometers could achieve on Earth.  Subsequent observations have allowed this  figure to be

increased even further.

In 2013, the first open call for proposals was announced for the RadioAstron project. Any scientist,

from anywhere in the world, could propose scientific observations by providing a justification for

their scientific significance. This event marked the end of the early scientific program and marked the

beginning of the Key Scientific Program. In the first year, we received 13 applications from various

research teams. More than 200 scientists from 19 countries of the world indicated their interest in

working on the project.

Based on the capabilities of RadioAstron, scientists chose the most promising areas of research:

● mapping of the central regions of active galaxies (quasars);

● mapping of relativistic jets from the nuclei of active galaxies;

● measurement of the brightness temperature of the nuclei of active galaxies;

● observations of pulsars;

● study of the properties of the interstellar plasma of our Galaxy with the help of radiation 

from pulsars and quasars, as well as in the direction of the center of the Galaxy;

● mapping and studying the structure of celestial masers in our Galaxy;

● observation of mega-masers in the disks of neighboring galaxies;

● verification of the equivalence principle of the General Theory of Relativity through the 

measurement of gravitational redshift.

Thanks to the extended lifetime of the Spektr-R, observations were made until the beginning of 

2019.



Active galactic nucleus: artistic conception. Copyright: Cosmovision.

RadioAstron results in brief

RadioAstron managed to achieve outstanding scientific results including:

 observe astrophysical objects with record angular resolution;

 clarify the hypotheses about the structure of active galactic nuclei, the formation, magnetic 

field, internal structure and mechanism of radiation of relativistic jets and celestial masers;

 discover new properties of the interstellar medium and astrophysical objects that were not 

previously observed;

 master new observational methods based on new knowledge of radio wave propagation in 

the interstellar medium.

Overall,  RadioAstron has allowed scientists to better understand the structure  and properties of

compact radio sources both in the Milky Way galaxy and in distant active galaxies and quasars.



Among the most important discoveries are:

The measurement of extreme

brightness of quasar cores.

The brightness temperature, a

measure of the radiation

intensity of quasars, was

found to be anomalously

high: several dozen times

higher than previously

observed, and than

theoretically permissible.

There were no convincing

explanations for how quasars

can maintain such extreme

brightness temperatures.

To explain the RadioAstron

result, several new

hypotheses have been

proposed, among which the

emission of radio waves from

relativistic protons (rather

than electrons, as is the case

elsewhere) looks most

convincing. However, the

mechanism for accelerating

protons to near-light speed

are not yet clear.

The Blandford-Payne

mechanism of jet formation is

found to work in galaxies

Observing the formation of a relativistic jet from the core of the nearby active galaxy Perseus A from 

a distance of 230 million light years has shown a connection between the appearance of a jet and an 

accretion disk around a central supermassive black hole.

The  image  was  obtained with  an  unprecedented  angular  resolution,  which  made it  possible  to

measure the width of the base of the jet and explore the details of the structure up to 12 light-days.

3C84 jet at 1.3 cm with RadioAstron. Giovannini et al. (2018)



It turned out that the jet is formed with a wide base, which confirms the Blandford-Payne hypothesis

of the “launching” of a jet from an accretion disk around a black hole, and not from closer to the

hole itself.

The structure of the magnetic field of the nuclei of active galaxies is determined.

The  magnetic  field  plays  a  key  role  in  the  formation  of  jets  in  active  galaxies.  Therefore,  it  is

important  to  study the structure  of  the magnetic field at  the base of  the jets.  This  is  done by

measuring  the  direction  of  the  electric  vector  of  linear  polarization  and  the  Faraday  Rotation.

Polarization mapping in the RadioAstron project at a wavelength of 1.3 cm with extreme angular

resolution made it possible to determine that the magnetic field has a toroidal shape. It works like a

magnetic spring, expelling the plasma at relativistic speeds.

The effect of extreme plasma stratification in quasar jets has been found.

The properties of relativistic plasma in quasar jets were practically completely unexplored due to

insufficiently  high resolution of  ground-based interferometers.  With RadioAstron,  scientists  were

able to see a brightening at the edges of jets in active galaxies. This meant that hot plasma flows

faster in the center and slower at the edges of the jets due to friction with the interstellar medium.

Moreover, the difference in the plasma speed in these jet regions was unexpectedly great.

Discovered scattering effect of radio waves in interstellar medium

The study of pulsars revealed a new effect

of  radio  wave  scattering  in  interstellar

plasma  clouds.  The  effect,  called  the

“scattering  substructure,”  distorts  the

high-resolution images. However, it makes

it possible to determine the structure and

density of interstellar matter in the space

between  the  Earth  and  pulsars.  In  the

future,  this  effect  will  be  taken  into

account  when  studying  the  core  of  the

Milky Way galaxy with other tools and in

the observations of other distant objects,

which will improve the quality of images.

This  turned  out  to  be  an  important

contribution of RadioAstron to the task of

searching for the shadow of a black hole

in the center of our Galaxy.
An illustration of the discovered sub-scattering effect. 

Johnson et al. (2016). It is found to affect quasars, Sgr 

A* (the center of our Galaxy), and pulsars.



Observation of compact celestial masers

In the field of star formation, Cepheus A, located at a distance of about 2 thousand light years from

Earth, was the first to reveal compact sources of water vapour masers, comparable in size to the Sun.

Previously, interferometers were unable to determine the size of objects at such distances, and new

data will allow a better understanding of the origin of these objects. It is assumed that the observed

celestial masers are associated with turbulent eddies in the gas flow from the emerging massive star.

Testing the General Theory of Relativity

The  hydrogen  maser  frequency  standard  onboard  Spektr-R  allowed  dozens  of  experiments  to

measure the effect of the gravitational time dilation and thus test the Einstein equivalence principle

and general relativity theory. Data analysis is ongoing, but preliminary results, from processing of

only part of the data, indicate that an accuracy at the level of Gravity Probe A (0.01%), a similar

experiment conducted by the USA in 1976, has already been achieved. Further processing has the

potential to increase the accuracy of the test by about a factor of 10.

Suspension of observing

In January 2019, the command radio system on the Spektr-R spacecraft stopped operating. After

several months of attempts to reestablish communications, in May, the Roscosmos State Commission

decided to end the observing phase of the mission.  Processing all  the data accumulated by the

RadioAstron project will require several more years and new discoveries can be expected.

The future of Millimetron 

The team of the Astro Space  Center of the Lebedev Physical Institute together with the engineers of

the Lavochkin Association and the Reshetnev Information Satellite Systems, are developing a new

project Spektr-M (Millimetron) under the auspices of Roscosmos. The Spektr-M spacecraft will carry

a millimeter-wave telescope to a distance of 1.5 million km from Earth, which will provide baselines

of unprecedented length and will give astrophysicists of the world unique opportunities to study

objects throughout the Universe at millimeter and sub-millimeter wavelengths.



Artists concept of Miilimetron. Copyright: M. Kalutskaya.

RadioAstron in numbers

1. 7.5 years of scientific work in orbit.

2. 26.7 Earth diameters (350,000 km) — the maximum baseline of the interferometer.

3. 8 microseconds of arc — maximum resolution — when observing water vapor mega-masers 

in the accretion disk of the galaxy M106.

4. 1 second in 3 million years (10–14 s/s): the stability of the hydrogen maser frequency standard 

produced by Vremya-Ch (Nizhny Novgorod).

5. 10 m — the diameter of the satellite Spektr-R — a record for space radio telescopes with a 

filled aperture.

6. Up to 25 radio telescopes on Earth participating in simultaneous observations.

7. A total of 58 radio telescopes participated in the observations of RadioAstron from Russia, 

Europe, the USA, Africa, Australia, the People's Republic of China, South Korea, and Japan.

8. 3 correlators: ASC LPI (Russia), Max Planck Institute for Radio Astronomy (Germany), the Joint

Institute for VLBI in Europe (Netherlands).

9. 2 stations for tracking and collecting scientific information: the 22-meter antenna of the 

Pushchino radio astronomy observatory (Russia) and the 43-meter antenna of the Green 

Bank Observatory (USA).

10. 128 Mbps — data transfer rate from the spacecraft in orbit, up to 350,000 km from the Earth 



11. 4 petabytes — the amount of accumulated data.

12. 92 cm, 18 cm, 6.2 cm, 1.2-1.7 cm wavelength of observations.

13. over 250 celestial radio sources studied.

14. Over 4000 observation sessions.

15. 240 scientists from 23 countries of the world took part in the observations.

Acknowledgements. The RadioAstron project is led by the Astro Space Center of the Lebedev Physical

Institute of the Russian Academy of Sciences and the Lavochkin Scientific and Production Association

under  a  contract  with  the  State  Space  Corporation  ROSCOSMOS,  in  collaboration  with  partner

organizations in Russia and other countries.
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Job Postings – Radio Astronomy and Related Fields

Science Manager - Arecibo Observatory 
The Science Manager will have overall management responsibility over the onsite science team 
at Arecibo. This position is responsible for administratively managing staff work, making 
assignments, evaluating performance and providing guidance and direction. The candidate will 
work directly with the scientists in developing performance plans and metrics aligned with short-
and long-term objectives of the facility. Responsible for managing team budget, hiring and 
reporting requirements.  For further information see https://jobs.ucf.edu/en-
us/job/497580/science-manager-arecibo-observatory 

Observatory Scientist or Senior Observatory Scientist at Arecibo
(Radio Astronomy, Interferomtery) 
The Arecibo Observatory (AO), part of the University of Central Florida (UCF), is seeking a talented 
observatory scientist or senior observatory scientist in Interferometry Radioastronomy in Puerto Rico. 
The Arecibo Observatory (AO) is famous for its outstanding research in radio astronomy, solar-system 
studies, and space and atmospheric sciences, is home to the world’s second largest radio/radar telescope. 
AO invites applicants to apply for the observatory scientist positions in observational radio astronomy, 
preferably with Very Long Baseline Interferometry (VLBI) experience. The selected applicants will be 
expected to participate in enabling Arecibo’s user community to obtain the best possible scientific results 
from the telescope, and pursue their own cutting-edge research programs. Development of novel 
observational techniques as well as the commissioning of new observing equipment are of importance. 
Overall, these positions are expected to be 75% service and 25% independent research. The selected 
candidate will be encouraged to apply for grant funding.
For further details see https://jobs.ucf.edu/en-us/job/497173/observatory-scientist-or-senior-observatory-
scientist-interferometry-radioastronomy .

UC Berkeley Radio Astronomy Lab  - seeking a highly motivated individual to conduct 
research in radio astronomy, designing advanced radio astronomy instrumentation for HERA (the
Hydrogen Epoch of Reionization Array) and several other radio telescope arrays, as well as 
further the Collaboration for Astronomy Signal Processing and Electronics Research (CASPER) 
by developing open-source software and hardware for the radio-astronomy community.
For more information, please visit the following link: https://aprecruit.berkeley.edu/JPF02148
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