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Antenna Systems
VLA

https://www.atlasobscura.com/places/very-large-array

European Very Long Baseline Interferometer (EVLBI)

https://www.evlbi.org/telescopes

ALMA

http://wikimapia.org/12830127/Atacama-Large-Millimetersubmillimeter-Array-ALMA

Australian Telescope Compact Array (ATCA)

https://www.narrabri.atnf.csiro.au/observing/users_guide/html/chunked/index.html
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VLA Tour
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VLA Tour
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Pulling Data from VLA Archive

https://archive.nrao.edu
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Data Before and After Flagging
Before Flagging

After Flagging
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EVLA Antenna Pattern
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2 Antenna Example

Source: www.NRAO.edu
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5 Antenna Example

Source: www.NRAO.edu
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11 Antenna Example

Source: www.NRAO.edu
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27 Antenna Example

Source: www.NRAO.edu
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27 Antennas with 2-hour Rotation

Source: www.NRAO.edu
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27 Antennas with 4-hours Rotation

Source: www.NRAO.edu
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27 Antennas with 4-hours Rotation and 2 Frequencies

Source: www.NRAO.edu
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27 Antennas with 4-hours Rotation and 3 Frequencies

Source: www.NRAO.edu
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After Clean
Jy/Beam Scale

Contours

Primary Beam Size
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3C75 Binary Black Hole System
(VLA Archive)
Background Information
Wikipedia
Data Reduction Results

3C75 (a.k.a. 3C 75) is a binary black hole system in the
Abell 400 cluster of galaxies. It has four radio jets (two from
each accreting black hole). It is travelling at 1200 kilometers
per second through the cluster plasma, causing the jets to
be swept back. The binary supermassive black holes are
themselves contained in the dumbbell shaped galaxy NGC
1128. 3C 75 may be X-ray source 2A 0252+060 (1H
0253+058, XRS 02522+060).[4] Wikipedia

Polarization vectors

Followed tutorial
https://casaguides.nrao.edu/index.php/Polarization_Calibration_based_on_CASA_pipeline_standard_reduction:_The_radio_galaxy_3C75-CASA4.5.2
and produced this image: Dr. Richard A. Russel 10/16/19 (detail in CASA 3C75 Tutorial.odt)
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3C391 Supernova Remnant
(VLA Archive)

Data Reduction Results

Background Information
Astronomy and Astrophysics 78,75-77 (1979)

Imaged based on VLA Tutorial and VLA Archive Data: Dr. Richard A. Russel 10/16/19 (Detailed file VLA Image Workshop Obs 3c391.odt)
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Asymptotic Giant Branch (AGB) Star IRC+10216
(VLA Archive)
Background Information
Wikipedia
IRC +10216 or CW Leonis is a well-studied carbon
star that is embedded in a thick dust envelope. It was
first discovered in 1969 by a group of astronomers led
by Eric Becklin, based upon infrared observations
made with the 62 inches (1.6 m) Caltech Infrared
Telescope at Mount Wilson Observatory.

Data Reduction Results

Its energy is emitted mostly at infrared wavelengths.
At a wavelength of 5 μm, it was found to have the
highest flux of any object outside the Solar
System.[12]

Imaged based on VLA Tutorial and VLA Archive Data: Dr. Richard A. Russel 10/16/19 (Detailed file VLA ImageIRC+10216.odt.odt)

19

MG0414+0534 Gravitational Lens
HI Absorption Line (VLA Archive)

Data Reduction Results

Background Information
NRAO.edu
Goal was to reduce the spectral-line data in
the low-frequency P-band of the VLA (230–
470 MHz).

The goal is to make an image cube
containing HI 21cm absorption against the
strong radio continuum of gravitationally
lensed radio galaxy MG0414+0534.
As a result of the high redshift of z=2.6365,
the HI absorption signal in MG0414+0534 is
redshifted to an observed frequency of
390.597 MHz.

Hydrogen Absorption Feature

The HI absorption in MG0414+0534 was
previously imaged with the VLA by Moore,
Carilli & Menten 1999 (ApJ, 510, 87), (at end
of this file) before the upgrade to the WIDAR
system.

VLA tutorial reduced by Dr. Richard Russel 10/18/19 – full script of reduction in file:VLA Image
MG0414+0534.odt https://casaguides.nrao.edu/index.php/MG0414%2B0534_Pband_Spectral_Line_Tutorial_-_CASA_5.5.0
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Cygnus A
(VLA Archive)
Background Information
Wikipedia

Data Reduction Results

Cygnus A (3C 405) is a radio galaxy, and one of the strongest radio
sources in the sky. It was discovered by Grote Reber in 1939. In
1951, Cygnus A, along with Cassiopeia A, and Puppis A were the
first "radio stars" identified with an optical source. Of these, Cygnus
A became the first radio galaxy; the other two being nebulae inside
the Milky Way.[4] In 1953 Roger Jennison and M K Das Gupta
showed it to be a double source.[5] Like all radio galaxies, it
contains an active galactic nucleus. The supermassive black hole at
the core has a mass of (2.5±0.7)×109 M☉.[3]

First attempt of a raw data set from archive: Note – no log, or antpos – therefore had to do self
calibration to get image. Image reduced by Dr. Richard Russel 10-20-19
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Saturn’s moon of Titan
(ALMA Archive)
Background Information
Wikipedia
Data Reduction Results

Titan is the largest moon of Saturn and the second-largest
natural satellite in the Solar System. It is the only moon
known to have a dense atmosphere, and the only known
body in space, other than Earth, where clear evidence of
stable bodies of surface liquid has been found.

Used as calibrator for NGC3256 ImGE
Data reduction conducted by Dr. Richard Russel on 10-22-19 using the ALMA Tutorial located at:
https://casaguides.nrao.edu/index.php/NGC3256_Band3_Imaging_for_CASA_4.2
This paper makes use of the following ALMA data: ADS/JAO.ALMA data record: 326400. ALMA is a partnership of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC
(Canada), MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ.“

"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc." .
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NGC 3256
(ALMA Archive)
Background Information
Wikipedia
Data Reduction Results

NGC 3256 is a peculiar galaxy formed from the collision
of two separate galaxies in the constellation of Vela.
NGC 3256 is located about 100 million light years away
and belongs to the Hydra-Centaurus supercluster
complex.

NGC 3256 Hubble Image
Data reduction conducted by Dr. Richard Russel on 10-22-19 using the ALMA Tutorial located
at: https://casaguides.nrao.edu/index.php/NGC3256_Band3_Imaging_for_CASA_4.2
This paper makes use of the following ALMA data: ADS/JAO.ALMA data record: 326400. ALMA is a partnership of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC
(Canada), MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ.“

"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc." .
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3C345
Binary Supermassive Blackhole Quasar
using the European Very Long Baseline Interferometer (EVLBI Archive)
A supermassive binary black hole in the quasar 3C345.
LOBANOV A.P. and ROLAND J.
Abstract (from CDS):

Data Reduction Results

Radio loud active galactic nuclei present a remarkable variety of signs indicating the presence
of periodical processes possibly originating in binary systems of supermassive black holes, in
which orbital motion and precession are ultimately responsible for the observed broad-band
emission variations, as well as for the morphological and kinematic properties of the radio
emission on parsec scales. This scenario, applied to the quasar 3C345, explains the observed
variations of radio and optical emission from the quasar, and reproduces the structural
variations observed in the parsec-scale jet of this object. The binary system in 3C345 is
described by two equal-mass black holes with masses of ≃7.1x108M☉ separated by ≃0.33pc
and orbiting with a period ∼480yr. The orbital motion induces a precession of the accretion disk
around the primary black hole, with a period of ≃2570yr. The jet plasma is described by a
magnetized, relativistic electron-positron beam propagating inside a wider and slower electronproton jet. The combination of Alfven wave perturbations of the beam, the orbital motion of the
binary system and the precession of the accretion disk reproduces the variability of the optical
flux and evolution of the radio structure in 3C345. The timescale of quasi-periodic flaring activity
in 3C345 is consistent with typical disk instability timescales. The present model cannot rule out
a small-mass orbiter crossing the accretion disk and causing quasi-periodic flares.
http://simbad.u-strasbg.fr/simbad/sim-ref?bibcode=2005A%26A...431..831L

Conducted VLBI Imaging Tutorial at:
http://www.jb.man.ac.uk/DARA/unit4/Workshops/EVN_continuum.html

Data reduction conducted on VLBI archive data by Dr. Richard Russel on 10-25-19

24

NGC-660 Galaxy
Velocity of Jet Measured using Spectral Line Technique
using the European Very Long Baseline Interferometer (EVLBI Archive)
Background Information
Wikipedia
NGC 660 is a peculiar and unique polar-ring galaxy
located approximately 45 million light years from Earth in
the Pisces constellation.[3] It is the only such galaxy
having, as its host, a "late-type lenticular galaxy".[4] It was
probably formed when two galaxies collided a billion years
ago.[5] However, it may have first started as a disk galaxy
that captured matter from a passing galaxy. This material
could have, over time, become "strung out" to form a
rotating ring.

850 km/sec
Relative closing rate of jet

Late in 2012, this polar-ring galaxy produced an enormous
outburst having a magnitude of approximately ten times
brighter than a supernova explosion. The cause is not
certain, but this event may have resulted from a
tremendous jet being emanating from galaxy's central black
hole.[5]

Reduced from tutorial at website: http://www.jb.man.ac.uk/DARA/unit4/Workshops/Spectral_line.html
By Dr. Richard Russel 10-26-19
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NGC-612 using the
Australian Telescope Compact Array (ATCA Archive)
Background Information
Wikipedia
Data Reduction Results

NGC 612 is a lenticular galaxy in the constellation of Sculptor located
approximately 388 million light-years from Earth. It is a type II Seyfert
galaxy and thus has an active galactic nucleus.[1][3] NGC 612 has been
identified as an extremely rare example of a non-elliptical radio galaxy,
hosting one of the nearest powerful FR-II radio sources.[4]Coordinates:
01h33m57.74s, −36° 29′ 35.7″[5]

Total polarized flux density: 1.942 Jy
Pol. Angles in western lobe: -57.5 and 23.7 degrees
ATCA Tutorial located at: https://casaguides.nrao.edu/index.php/CASA_Guides:ATCA_Advanced_Continuum_Polarization_Tutorial_NGC612-CASA4.7
Reduced by Dr. Richard Russel 10-28-19
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3C286 Quasar Full Polarization
(ALMA Archive)
Background Information
Wikipedia
Data Reduction Results

3C 286, also known by its position as 1328+307 (B1950
coordinates) is a quasar[3] at redshift 0.8493 with a radial velocity of
164,137 km/s.[4] It is part of the Third Cambridge Catalogue of
Radio Sources.
3C 286 is one of four primary calibrators used by the Very Large
Array (along with 3C 48, 3C 138, and 3C 147). Visibilities of all
other sources are calibrated using observed visibilities of one of
these four calibrators.[5]

Measured Statistics

Image and statistics reduced by Dr. Richard A. Russel 10-2919, using ALMA tutorial located at:
https://casaguides.nrao.edu/index.php/3C286_Polarization
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IRAS16293 Band 9
(ALMA Archive)
Background Information
Wikipedia

Data Reduction Results

RAS 16293–2422 is a binary system consisting of at least
two forming protostars A and B, separated by a distance of
700 astronomical units (au), all having masses similar to that
of the Sun.[1][2] It is located in the Rho Ophiuchi star-forming
region, at a distance of 140 astronomical units (au).
Astronomers using the ALMA array found glycolaldehyde —
a simple form of sugar — in the gas surrounding the
star.[3][4] This discovery was the first time sugar has been
found in space around a solar-type star on scales
corresponding to the distance between Sun and Uranus - i.e.,
the scales where a planet-forming disk is expected to arise.
The discovery shows that the building blocks of life may in
the right place, at the right time, to be included in planets
forming around the star.
Chloromethane, also known as methyl chloride, was detected
for the first time in the interstellar medium in IRAS 16293–
2422. Chloromethane is an important biomarker but its
discovery in a protostellar system showed that it can be
formed through abiotic processes in space.[5]

Data reduction conducted by Dr. Richard Russel on 10-31-19 using the ALMA Tutorial located
at:https://casaguides.nrao.edu/index.php/IRAS16293_Band9_-_Imaging_for_CASA_5.4
This paper makes use of the following ALMA data: ADS/JAO.ALMA data record: 52996. ALMA is a partnership of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC
(Canada), MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ.“

"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc." .
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Juno Asteroid
(ALMA Archive)
Background Information
Wikipedia
Data Reduction Results

Juno is one of the larger asteroids, perhaps
tenth by size and containing approximately
1% the mass of the entire asteroid belt.[17]
It is the second-most-massive S-type
asteroid after 15 Eunomia.[4] Even so, Juno
has only 3% the mass of Ceres.[4]

Data reduction conducted by Dr. Richard Russel on 11-1-19 using the ALMA Tutorial located at:
https://casaguides.nrao.edu/index.php/ALMA2014_LBC_SVDATA
“This paper makes use of the following ALMA data: ADS/JAO.ALMA data record 830280 ALMA is a partnership of ESO (representing its member states), NSF (USA)
and NINS (Japan), together with NRC (Canada), MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA
Observatory is operated by ESO, AUI/NRAO and NAOJ.“
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc." .
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HL Tauri Protoplanetary System
(ALMA Archive)
Background Information
Wikipedia

Data Reduction Results

HL Tauri (abbreviated HL Tau) is a very young T Tauri star[5] in
the constellation Taurus, approximately 450 light-years (140 pc)
from Earth[1] in the Taurus Molecular Cloud.[6] The luminosity
and effective temperature of HL Tauri imply that its age is less
than 100,000 years.[7] At apparent magnitude 15.1,[3] it is too
faint to be seen with the unaided eye. It is surrounded by a
protoplanetary disk marked by dark bands visible in
submillimeter radiation that may indicate a number of planets in
the process of formation.[2] It is accompanied by the Herbig–
Haro object HH 150, a jet of gas emitted along the rotational
axis of the disk that is colliding with nearby interstellar dust and
gas.[8]

Data reduction conducted by Dr. Richard Russel on 11-1-19 using the ALMA Tutorial located at:
https://casaguides.nrao.edu/index.php/ALMA2014_LBC_SVDATA
“This paper makes use of the following ALMA data: ADS/JAO.ALMA data record 25005708 ALMA is a partnership of ESO (representing its member states), NSF (USA)
and NINS (Japan), together with NRC (Canada), MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA
Observatory is operated by ESO, AUI/NRAO and NAOJ.“
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc." .
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TW Hydrae Band 7
(ALMA Archive)

Background Information
Wikipedia

Data Reduction Results
CO(3-2) moment maps
Integrated Intensity

Intensity Weighted
Velocity Field

Intensity Weighted
Velocity Dispersion

HCO+(4-3) moment maps

TW Hydrae is a T Tauri star
approximately
196
light-years
away[1] in the constellation of
Hydra (the Sea Serpent). The star
is the closest such star to the Solar
System. TW Hydrae is about 80%
of the mass of the Sun, but is only
about 5-10 million years old. The
star appears to be accreting from a
face-on protoplanetary disk of dust
and gas, which has been resolved
in images from the ALMA
observatory.

Data reduction conducted by Dr. Richard Russel on 11-2-19 using the ALMA Tutorial located at:
https://casaguides.nrao.edu/index.php?title=TWHydraBand7
This paper makes use of the following ALMA data: ADS/JAO.ALMA data record 126900 ALMA is a partnership of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC
(Canada), MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ.“
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc." .
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SGR A* Band 6
(ALMA Archive)
Background Information
Wikipedia

Data Reduction Results

Sagittarius A* (pronounced "Sagittarius A-Star", abbreviated
Sgr A*) is a bright and very compact astronomical radio
source at the center of the Milky Way, near the border of the
constellations Sagittarius and Scorpius about 5.6° south of
the ecliptic.[6] It is likely the location of a supermassive black
hole,[7][8][9] similar to those generally accepted to be at the
centers of most if not all spiral and elliptical galaxies.

Data reduction conducted by Dr. Richard Russel on 11-3-19 using the ALMA Tutorial located at:
https://almascience.nrao.edu/alma-data/science-verification/overview
This paper makes use of the following ALMA data: ADS/JAO.ALMA data record 32400 ALMA is a partnership of ESO (representing its member states), NSF (USA) and NINS (Japan), together with
NRC (Canada), MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ."

"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc." .
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M100 Spiral Galaxy
(ALMA Archive)
Background Information
Wikipedia

Data Reduction Results

Messier 100 (also known as NGC 4321) is an example of a grand
design[4] intermediate spiral galaxy located within the southern part
of constellation Coma Berenices. It is one of the brightest and
largest galaxies in the Virgo Cluster, located approximately 55
million light-years[3] distant from Earth and has a diameter of
107,000 light years, roughly 60% the size of the Milky Way. It was
discovered by Pierre Méchain on March 15, 1781 and was
subsequently entered in Messier's catalogue of nebulae and star
clusters[5] after Charles Messier[6] made observations of his own
on April 13, 1781. The galaxy was one of the first spiral galaxies[6]
to be discovered, and was listed as one of fourteen spiral nebulae
by Lord William Parsons of Rosse in 1850.

Data reduction conducted by Dr. Richard Russel on 11-3-19 using the ALMA Tutorial located
at: https://almascience.nrao.edu/alma-data/science-verification/overview
"This paper makes use of the following ALMA data: ADS/JAO.ALMA#2011.0.00004.SV. ALMA is a partnership of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC (Canada) and NSC and
ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ."
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc."
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BR1202-0725 Quasar at z=4.69
(ALMA Archive)
Background Information
Data Reduction Results

BR1202–0725: an extreme multiple merger at z = 4.7⋆
P. Salomé1, M. Guélin2, D. Downes2, P. Cox2, S. Guilloteau3, A. Omont4, R.
Gavazzi4 and R. Neri2
Received: 5 July 2012 Accepted: 27 July 2012
Abstract: <excerpt>The radio-quiet quasar BR1202–0725 (z = 4.695) is a remarkable
source with a bright northwest (NW) companion detected at submillimeter and radio
wavelengths but invisible in the optical.

https://www.aanda.org/articles/aa/full_html/2012/09/aa19955-12/aa19955-12.html

Data reduction conducted by Dr. Richard Russel on 11-4-19 using the ALMA Tutorial located
at: https://almascience.nrao.edu/alma-data/science-verification/overview
"This paper makes use of the following ALMA data record 53516. ALMA is a partnership of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC (Canada) and NSC and ASIAA (Taiwan), and KASI
(Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ."
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc."
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ASASSN-14li
Tidal disruption event
A star is torn apart by a black hole
(VLA Archive)

Data Reduction Results

Background Information

https://chandra.harvard.edu/photo/2019/bhspin/

Data reduction completed by Dr. Richard Russel 11-6-2019 using download from VLA database.
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc."
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Sunspot Band 6
ALMA Archive

Data Reduction Results

Data reduction conducted by Dr. Richard Russel 11/16/19 based on the NRAO tutorial
https://casaguides.nrao.edu/index.php/Sunspot_Band6
"This paper makes use of the following ALMA data: ADS/JAO.ALMA#2011.0.00020.SV. ALMA is a partnership of ESO (representing its member states),
NSF (USA) and NINS (Japan), together with NRC (Canada) and NSC and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic
of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ."

"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc."36

Betelgeuce (Alpha Orionis)
VLA Archive
Background Information
Wikipedia

Data Reduction Results

Betelgeuse is generally the ninth-brightest star in the night sky
and second-brightest in the constellation of Orion (after Rigel). It is
a distinctly reddish, semiregular variable star whose apparent
magnitude varies between +0.0 and +1.3, the widest range of any
first-magnitude star. At near-infrared wavelengths, Betelgeuse is
the brightest star in the night sky. It has the Bayer designation α
Orionis, which is Latinised to Alpha Orionis and abbreviated
Alpha Ori or α Ori.

Data reduction completed by Dr. Richard Russel 11-18-2019 using download from NRAO VLA archive.
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc."
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Cygnus X-1 (Black Hole)
VLA Archive

Data Reduction Results

Background Information
NASA

www.nasa.gov
Data reduction completed by Dr. Richard Russel 11-20-2019 using download from VLA database.
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc."
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Cygnus X-3 (Black Hole or Neutron Star)
VLA Archive

Background Information
Wikipedia
Data Reduction Results

Cygnus X-3 is a high-mass X-ray binary (HMXB), one of the
stronger binary X-ray sources in the sky. It is often considered
to be a microquasar, and it is believed to be a compact object in
a binary system which is pulling in a stream of gas from an
ordinary star companion. It is the only known HMXB containing
a Wolf-Rayet star. It is invisible visually, but can be observed at
radio, infrared, X-ray, and gamma-ray wavelengths.

https://en.wikipedia.org/wiki/Cygnus_X-3

Data reduction completed by Dr. Richard Russel 11-21-2019 using download from VLA database.
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc."
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V404 Cygni (Black Hole & Q-type Star Binary)
VLA Archive
Background Information
Wikipedia
Data Reduction Results

V404 Cygni is a microquasar and a binary system in the constellation of Cygnus.
It contains a black hole with a mass of about 9 M☉ and an early K giant star
companion with a mass slightly smaller than the Sun. The star and the black hole
orbit each other every 6.47129 days at fairly close range. Due to their proximity
and the intense gravity of the black hole, the companion star loses mass to an
accretion disk around the black hole and ultimately to the black hole itself.[9] The
"V" in the name indicates that it is a variable star, which repeatedly gets brighter
and fainter over time. It is also considered a nova, because at least three times in
the 20th century it produced a bright outburst of energy. Finally, it is a soft X-ray
transient because it periodically emits short bursts of X-rays.
In 2009, the black hole in the V404 Cygni system became the first black hole to
have an accurate parallax measurement for its distance from the Solar System.
Measured by very-long-baseline interferometry using the High Sensitivity Array,
the distance is 2.39±0.14 kiloparsecs,[10] or 7800±460 light-years.

In April 2019, astronomers announced that jets of particles shooting from the
black hole were wobbling back and forth on the order of a few minutes, something
that had never before been seen in the particle jets streaming from a black hole.
Astronomers believe that the wobble is caused by the warping of space/time by
the huge gravitational field in the vicinity of the black hole.[11]
The black hole companion has been proposed as a Q star candidate.[12]

Data reduction completed by Dr. Richard Russel 11-23-2019 using download from VLA database.
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc." 40

GRO J0422+32
Possible Black Hole or Neutron Star Binary with a M4.5 Star
VLA Archive
Background Information
Wikipedia
Data Reduction Results

GRO J0422+32[1] is an X-ray nova and black hole
candidate that was discovered by the BATSE instrument
on the CGRO satellite on 5 August 1992.[3][4] During
outburst, it was observed to be stronger than the Crab
Nebula gamma-ray source out to photon energies of about
500 keV.[2]
The mass of the black hole in GRO J0422+32 falls in the
range 3.66 to 4.97 solar masses.[5] This is the smallest yet
found for any stellar black hole, and near the theoretical
upper mass limit (~2.7 M☉) for a neutron star. Further
analysis in 2012 calculated a mass of 2.1 M☉, which
raises questions as to what the object actually is.[6]
It is also known to have a companion M-type mainsequence star, V518 Per,[7] in the constellation Perseus. It
has a magnitude of 13.5 in the B spectral band, and 13.2
in the visible band.

Data reduction completed by Dr. Richard Russel 11-24-2019 using download from VLA database.
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc."
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GRO J1635-40 Black Hole Binary with V1030 Sco
VLA Archive
Three objects in close proximity- Bottom left is closest to expected position of J1635-40

Data Reduction Results

Background Information
Hubble Website

https://www.spacetelescope.org/images/heic0211c/

Data reduction completed by Dr. Richard Russel 11-25-2019 using download from VLA database.
"The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc."

HI Drift Scan using 9-ft Dish at Russel Observatory
September 2019

Dr. Richard Russel Observer and Analyst (DrRichRussel@Netscape.net)
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9 Ft Dish HI Measurement
Radial Velocity (km/sec)
vs. Galactic Longitude
Observer: Dr. Richard Russel 10-23-19

9ft dish HI
measurements

Background images obtained at:
https://www.britannica.com/place/Milky-Way-Galaxy/The-structure-and-dynamics-of-the-Milky-Way-Galaxy
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Perseus Arm (Left)

Russel
Observatory
9 ft dish data
(black dots)
overlaid on
the following
image
https://www.britanni
ca.com/place/MilkyWay-Galaxy/Thestructure-anddynamics-of-theMilky-Way-Galaxy
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Molecular Ring

Russel Observatory
9 ft dish data (black
dots) overlaid on the
following image
https://www.britannica.com/plac
e/Milky-Way-Galaxy/Thestructure-and-dynamics-of-theMilky-Way-Galaxy
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Perseus Arm (Right)

Russel Observatory
9 ft dish data (black
dots) overlaid on the
following image
https://www.britannica.com/plac
e/Milky-Way-Galaxy/Thestructure-and-dynamics-of-theMilky-Way-Galaxy
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