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1 From the Director  ɀ        Nick James  
 

Another year has passed and another issue 
of the #ÏÍÅÔȭÓ 4ÁÌÅ ÈÁÓ ÁÒÒÉÖÅÄ.  What a 
very strange year it has been.  The Covid 
pandemic has changed many aspects of our 
lives and things that we took for granted 
were no longer allowed.  Within the BAA 
we have not held a physical meeting since 
2020 February and I really do miss them.  
As a replacement the BAA implemented a 
set of webinars which have been well 
received.  These are available to watch on 
YouTube and there have been a number 

which are relevant to comets.  )ȭÖÅ ÌÉÓÔÅÄ 
these at the end of this editorial.  No matter 
ÈÏ× ÇÏÏÄ ÖÉÒÔÕÁÌ ÍÅÅÔÉÎÇÓ ÁÒÅ ÔÈÅÙ ÃÁÎȭÔ 
replace face-to-ÆÁÃÅ ÍÅÅÔÉÎÇÓ ÁÎÄ )ȭÖÅ 
really had enough of Zoom, Webex, Skype 
and all the rest.  I hope that we can get back 
to a more normal life soon.  In particular I 
would like to organise a physical Comet 
Section meeting sometime in the spring of 
2022.  If you have any suggestions for a 
venue, please let me know.   

 

 
 

From an astronomical point of view 2020 
was a good year.  We had an excellent run 
of good observing weather in the late 
spring and the Covid restrictions meant 
that there were far fewer aircraft in the sky 
with a consequent reduction in man-made 
cirrus cloud.  We also had one, very nice, 
comet. 
 
Of course, a year ago we had no idea that 
C/2020 F3 (NEOWISE) was going to turn 
out to be the impressive object it was.  The 
comet had been discovered in late 2020 
March as a southern hemisphere object and 
it finally emerged as a northern 

hemisphere morning object after its July 3rd 
perihelion.  My first view of it was on the 
July 6 and it was far brighter than I had 
expected.  Over the following few weeks, it 
blossomed into a mini-Hale-Bopp with a 
wide, curving, structured dust tail and a 
very long, blue ion tail.  It was so exciting to 
have a naked eye comet in the sky.  My best 
night was Friday 10/11 July when it was 
clear from dusk to dawn.  The comet was a 
beautiful sight in the peaceful, deep blue, 
midsummer twilight and it was joined by a 
very active noctilucent cloud display on the 
northern horizon. 
 

 

https://www.youtube.com/channel/UCqQXpxQJwOQgFgGMqVin0TQ
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The Section received a huge number of 
excellent images of this comet, all of which 
are lodged in the section online archive.  
Thank you to everyone who sent in 
material.  I am currently working on a full 
paper for the JBAA but, in the meantime, I 
wrote a summary which appeared in the 
2020 October edition. 

 
https://britastro.org/system/files/jbaa_pd
f/v130i05j_0.pdf 
 
This was one of the brightest comets we 
have seen from the northern hemisphere in 
the last couple of decades and quite a few 
non-astronomer friends commented that 
they had seen it.  Surprisingly though, for 

those of us who thought it was a really 
prominent object, a lot of ÐÅÏÐÌÅ ÃÏÕÌÄÎȭÔ 
find it .  I expect that many people really 
had no idea what they were looking for and 
probably expected to see something as 
prominent as the views in images.  Local 
light pollution is a problem for many as 
well. 
 
/ÖÅÒ ÔÈÅ ÌÁÓÔ ÙÅÁÒ ×ÅȭÖÅ also had some 
very exciting observations of 
29P/Schwassmann-Wachmann, the huge 
Centaur comet that orbits outside the path 
of Jupiter.  Richard Miles runs the Mission 
29P programme for the section and many 
observers now have this object high on 
their list of priority targets .  The comet has 

https://britastro.org/system/files/jbaa_pdf/v130i05j_0.pdf
https://britastro.org/system/files/jbaa_pdf/v130i05j_0.pdf
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fairly frequent small outbursts and a few 
larger ones each year.  On 2020 November 
19 I started observing after getting home 
from work and got my first image at 18:46 
UT.  On examination it showed the comet at 
magnitude 14.5, two magnitudes brighter 
than the previous night.  I emailed Denis 
Buczynski and Richard and, a few minutes 
later, Denis responded that he had 
observed the comet at 18:02 when it was 
magnitude 16.2.  I initially thought that  I 
must have made a mistake so I checked for 
field stars but there were none.  As the 
images were appearing on screen it was 
obvious that the comet was brightening 

fast so I reported the outburst to the 
section mailing list at 18:58. Many 
observers managed to catch this outburst 
but the most impressive sequence was 
from Jean-François Soulier.  He has an 
automated 0.20-m telescope which 
monitors the comet continuously and he 
caught the entire outburst.  These 
observations show that the outburst 
started around 25 minutes before my first 
image.  The outburst lightcurve that 
Richard generated from his observations is 
extraordinary and it shows how rapidly the 
comet brightens.  

 

 
 
 
Many thanks to all the observers who 
continue to contribute to this important 
programme.  The comet is in conjunction at 
the moment but if you are interested in 
joining the 29P project please have a look 
at the webpage here: 

https://britastro.org/node/25120  
Brightish comets are a bit thin on the 
ground at the moment although C/2020 R4 
(ATLAS) has been around 10th magnitude 

and it is very well placed for those of us in 
the UK.  We also have C/2020 T2 (Palomar) 
which has been brightening recently and 
has taken over from C/2020 R4 as the 
brightest comet in our skies.  In terms of 
future prospects C/2021 A1 (Leonard) 
might become a naked eye object in the 
morning sky in late November but it is too 
early to tell. 

https://britastro.org/node/25120
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I hope you enjoy reading this issue.  Many 
thanks to our editor, Janice McClean, for 
putting it all together and to Denis 
Buczynski who has collected a lot of the 
contributions .  My thanks also to the 
section committee for supporting me 
through the year, and particularly to our 

former Director, Jonathan Shanklin, who 
continues to perform detailed analyses of 
cometary activity.  There is plenty of 
material in this edition.  I hope that you 
find something that will interest you and 
that you will be encouraged to go out and 
observe these fascinating objects.

 
 

 
 

Nick James Section Director 
 

 
BAA comet-themed webinars  
C/2019 Y4 (ATLAS) - https:// www.youtube.com/watch?v=N2d_t_fDndo 
C/2020 F3 (NEOWISE) https://www.youtube.com/watch?v=G6xlpvxJTYQ 
29P/Schwassmann-Wachmann - https://w ww.youtube.com/watch?v=oZciIMau3_4 
The Comet Section archive: https://www.youtube.com/watch?v=JgaJ_NRv-uI 

 

https://www.youtube.com/watch?v=N2d_t_fDndo
https://www.youtube.com/watch?v=G6xlpvxJTYQ
https://www.youtube.com/watch?v=oZciIMau3_4
https://www.youtube.com/watch?v=JgaJ_NRv-uI
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2 MISSION 29P  Help Needed!   Richard Miles  
 

 
 
 
Nowadays, as well as being a dedicated 
observer there are other avenues that folk 
interested in Science and Astronomy can 
explore: one of which is Citizen Science.  
This type of investigation is where there 
are large amounts of data available via the 
Web and software is provided whereby 
anyone with a keen interest in the subject 
and a suitable computer, can become 
involved with relatively little effort .   
 
Take the 'Zooniverse' initiative .  They have 
a number of space-related projects but 
nothing specifically on comets since these 
do not lend themselves to making a quick 
discovery or two.  However quite a few 
amateurs have discovered new comets by 
looking for interlopers in SWAN imaging of 

the region of sky close to the Sun.  Michael 
Mattiazzo comes to mind in this respect, 
his latest success of which was Comet 
C/2021 D1 (SWAN) first found on February 
19 of this year.  Well done, Michael! 
 
Discovering comets is one activity but not 
one with any guarantee of success these 
days.  Instead, as members of the BAA 
Comet Section, we are also interested in 
better understanding the nature of comets 
and in this vein, we have launched a project 
to study one particular comet in much 
greater detail namely, Comet 
29P/Schwassmann Wachmann 1. 
 
%ÎÔÉÔÌÅÄ ȬMISSION 29Pȭ ÔÈÅ ÄÅÔÁÉÌÓ ÃÁÎ ÂÅ 
found on a dedicated webpage: 
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https://britastro.org/node/25120  
 
Nick James and I would like to enlist the 
help of a few people to analyse images of 
the comet captured via the Faulkes 
Telescope Project / Las Cumbres 
Observatory  (LCO) network of telescopes.  
All of these images are available online in a 
couple of data archives.  Of these, the most 
valuable are those taken using 1.0-m 
aperture, and more especially, 2.0-m 
aperture telescopes.  The latter, when 
obtained under good seeing offer the 
prospect of studying changes to the 
innermost coma following its well-
observed outbursts.  Regular observations 
of 29P with these telescopes began around 
2014 but apart from reporting inner coma 
brightness using a fixed size measuring 
aperture, and stacking frames to highlight 
changes in the morphology of the coma, we 
are yet to exploit these very fine images to 
any great extent. 
 
One area which we would like to study in 
more depth involves measuring the inner 
coma with smaller and smaller 
photometric apertures (down to 3 pixels 
radius, equivalent to a mere 0.9 arcsec 
radius in the 2.0-m images).  This task may 
sound straightforward but the problem is 
that we have to determine the brightness 
on an absolute scale and because the comet 
is always appearing to move across the sky 
and the fields of view are small it is more 
difficult to derive absolute magnitudes.  At 
least we now have the Gaia photometry 
and so this opens up the prospect of doing 
this with considerable accuracy. 
 
But what can we discover by way of this 
analysis?  Here are three topics for starters: 
 
1.  When the comet is relatively quiescent, 
we can extrapolate the multi-aperture 
photometry to quantify the brightness of 
the 'bare' nucleus.  If the nucleus is 
significantly elongated we might 'see' its 
rotational signature in the data obtained.   

 
2.  After the comet has outburst, we often 
see an asymmetric coma developing 

sometimes having the 'Pac-Man' Ά shape.  
Performing multi -aperture analysis of a 
well-developed outburst coma with and 
without centroiding provides a measure of 
the direction of motion of the expanding 
coma relative to the nucleus.  Knowing this 
may help locate the approximate position 
(especially latitude) of the source on the 
nucleus. 
 

 
 
3.  The accompanying plot illustrates a key 
objective of multi-aperture analysis, 
namely monitoring the nature of coma fall-
back following weak outbursts.  Here you 
can see how the intensity of the reflected 
light from the (inner coma + nucleus) 
drops by about 0.2 magnitudes some 2ɀ5 
days after a weak outburst.  This discovery 
late last year is a watershed moment in 
that it is the first time such a phenomenon 
has been observed.  Other examples of this 
fall-back process have now been found in 
other image data but there are many such 
weak outbursts in recent years and the 
image data following each such outburst 

https://britastro.org/node/25120
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needs to be analysed in a systematic 
fashion, preferably based on Gaia 
photometry. 
 
It is anticipated that a two-pronged 
approach will be followed to accomplish 
the analysis:  One will be a largely manual 
activity using various software to perform 
measurements and plot the results.  The 
second will attempt to automate some of 
the more laborious steps in that analysis.  
Both require dedication to the cause; the 
first by someone prepared to put in the 
time to carry out a repetitive analytical 
procedure step by step; the second by 
someone having the necessary 
programming skills who could automate 
the procedure once the approach has been 
standardised.   
 
Do get in touch if you might be interested 
in joining this type of citizen science 
project. You might not be an observer (for 
whatever reason) but you might 

nonetheless be in a position to help and to 
make a new discovery hidden in the data. 
To register your interest in this project 
please send an email 
to cometobs@britastro.org with the subject 
line "29P image analysis".  Further details 
and a step-by-step guide to the analysis 
method will be posted on the section's 
Mission 29P webpage.  We will contact you 
when this guide is ready to discuss the 
contribution you can make to this 
important project . 
 

 
 

Richard Miles 

 
 

  

mailto:cometobs@britastro.org
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3 Spectroscopic Observations of Sodium in C/2020 F3 (NEOWISE) 

Robin Leadbeater  
 
 
If a comet passes close enough to the Sun 
there is the potential for sodium atoms to 
be liberated from the nuclear material and 
associated dust.  Once free these neutral 
atoms strongly absorb photons in the 
sunlight at specific wavelengths and re-
emit them in all directions, a process 
known as resonant fluorescence.  This 
produces a characteristic orange emission, 
seen in the spectrum as the close double 
sodium D line at 589.3 nm.  The 
momentum of the absorbed photons gives 
a kick to the sodium atoms causing them to 
stream away from the nucleus forming a 
ȰÓÏÄÉÕÍ ÔÁÉÌȱ.  (Note this mechanism is 
different from that producing the ion tail, 
where electrically charged ions are 
accelerated by the magnetic field caused by 
the solar wind).   
 
Examples of comets which showed sodium 
tails include C/1995 O1 (Hale Bopp), 
C/2011 L4 (Pan-STARRS) and C/2012 S1 
(ISON).  The strength of the emission 
depends not only on the quantity of sodium 
released and the amount of sunlight but 
also on the velocity of the sodium atoms 
relative to the Sun.  (The resonance 
mechanism depends on there being 
photons of exactly the right wavelength in 
the sunlight and since the solar spectrum 
contains strong absorption lines (from 
sodium and other elements) in this region 

of the spectrum, the amount of light 
available, of the right wavelength, varies 
depending on the Doppler shift of the 
sunlight (The Swings and Greenstein 
effects) This also affects the accelerating 
force felt by the atoms which propels them 
away from the source.   
 
One of the simplest and most definitive 
tests for the presence of sodium emission 
in comets is to image the comet through a 
diffraction grating placed in front of the 
camera lens.  Some of the light passes 
straight through the grating producing a 
conventional image of the comet (the zero 
order) but the rest is spread out into a low-
resolution spectrum, effectively producing 
overlapping images of the comet in each 
wavelength.  While the continuous 
spectrum of the sunlight scattered from the 
dust smears the spectrum image, the 
narrow sodium D emission produces a 
sharp image of the sodium component of 
the comet.   
 
I did this with C/2020 F3 (NEOWISE) at the 
earliest opportunity (2020 July 7).  Despite 
thin cloud, low altitude and bright sky 
background, the presence of sodium was 
confirmed by an image in the spectrum of 
the comet at the sodium D wavelength, 
complete with a just discernible tail, shown 
in the larger scale negative cut out.   
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The sodium tail was confirmed the next 
day in an image using a narrow band Na D 
pass filter by Jeff Morgenthaler (Planetary 
Science Institute) and Carl Schmitt (Boston 
University) who repurposed IoIO, an 
observatory normally used to monitor the 
sodium clouÄ ÁÒÏÕÎÄ *ÕÐÉÔÅÒȭÓ ÍÏÏÎȟ )ÏɊȢ 
https://psi.edu/news/neowisesodiumtail  

In the following days a number of other 
amateurs took further objective prism and 
grating spectral images showing the 
sodium tail more clearly.  Perhaps the 
clearest was that taken by Torsten Hansen 
on 2020 July 13 using a Star Analyser 100 
grating in front of a DSLR camera.   

 

 
Credit: Torsten Hansen 

 
Placing high contrast negative images of the zero order and the sodium emission alongside 
each other we can see the diffuse sodium tail extending approximately 1 degree in the image 
and continuing straight where the dust tail (which dominates the zero-order image) curves 
away to the right. 

https://psi.edu/news/neowisesodiumtail
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Enhanced from the Torsten Hansen original 

 
Meanwhile the comet had moved into the 
field of view of my main observatory 
telescope so I switched to using telescope 
mounted slit spectrographs, first at high 
resolution showing clear Doppler shifts in 
the absorption lines in the sunlight 
scattered from the dust and in the emission 
lines from the cometary sodium. 

https://britastro.org/observations/observ
ation.php?id=20200710_225300_18b30a0
a785a7ab3 
 
Measurement of these shifts relative to the 
daylight sky and local sodium light 
pollution confirmed the velocity of the 
comet both relative to us and the Sun.   

 

 
 
  

https://britastro.org/observations/observation.php?id=20200710_225300_18b30a0a785a7ab3
https://britastro.org/observations/observation.php?id=20200710_225300_18b30a0a785a7ab3
https://britastro.org/observations/observation.php?id=20200710_225300_18b30a0a785a7ab3
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I then turned to a lower resolution 
instrument to measure the distribution of 
the various constituents of the comet, 
including a cross section through the tails 
close to the coma. 
https://britastro.org/jbaa/pdf_cut/jbaa_24
438.pdf  This showed sodium streaming 
away from the coma at a small angle 

anticlockwise relative to the dust and 
narrower, confirming the observation of 
Morgenthaler and Schmidt, though the 
measurements were too close to the coma 
to predict with any accuracy the direction 
of the tails further out.   
 
 

 
 
By then stunning wide field images were 
appearing showing the tails in detail 
several degrees long.  Some showed a 
narrow reddish colour component within 
the predominantly blue ion tail, as in this 
image by Thomas Lehmann on 2020 July 
12.   
https://britastro.org/cometobs/2020f3/2
020f3_20200712_tlehmann.html 
 
Others though did not, such as this one by 
Gerald Rehmann on 10th July  
https://britastro.org/cometobs/2020f3/2
020f3_20200710_0124_grhemann.html 
 
Some observers attributed this reddish tail 
to sodium, for example in this image 
published as an APOD  
https://apod.nasa.gov/apod/ ap210308.ht
ml 
 

However, the reference given in the APOD 
in support of it being due to sodium is not 
relevant as the paper cited refers only to 
sodium in the central coma.  (The 
description in the APOD of the mechanism 
of sodium emission and tail formation is 
also incorrect).  There is some debate as to 
the origin as the colour better matches the 
red emission expected from H2O+ ions also 
present in the ion tail, seen in this image 
taken by Stefan Zeigenbalg through a 
sodium D blocking light pollution filter on 
2020 July 14. 
http://www.simg.de/comets/neowise -
2020.html#j14i1p3  
 
In discussions with Carl Schmidt, he is not 
convinced that the reddish tail seen in the 
wide field images is sodium.  His view is 
any sodium would be expected to be found 
between the dust and ion tails and limited 
in distance due to eventual photoionisation 

https://britastro.org/jbaa/pdf_cut/jbaa_24438.pdf
https://britastro.org/jbaa/pdf_cut/jbaa_24438.pdf
https://britastro.org/cometobs/2020f3/2020f3_20200712_tlehmann.html
https://britastro.org/cometobs/2020f3/2020f3_20200712_tlehmann.html
https://britastro.org/cometobs/2020f3/2020f3_20200710_0124_grhemann.html
https://britastro.org/cometobs/2020f3/2020f3_20200710_0124_grhemann.html
https://apod.nasa.gov/apod/ap210308.html
https://apod.nasa.gov/apod/ap210308.html
http://www.simg.de/comets/neowise-2020.html#j14i1p3
http://www.simg.de/comets/neowise-2020.html#j14i1p3
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of the sodium atoms which would switch 
off the D line emission.  The analysis of 
their observations is not yet complete 
however and hopefully will clarify the 
matter.   
 
The sodium emission diminished as the 
comet moved further from the Sun and was 
last detected in the coma on 2020 July 28 
when 0.75 au from the Sun, in high 
resolution spectra taken by Christian Buil.   
http://www.spectro -
aras.com/forum/viewtopic.php?f=6&t=257
4&start=20#p14507 
 
Comets showing significant sodium 
emission are relatively rare.  If I get an 
opportunity to observe another, I plan to 
try more wide field spectral imaging to 
better see the distribution of the sodium, 

perhaps adding short and long wavelength 
blocking filters to isolate the D line region 
of the spectrum, enhancing the contrast 
against the sunlit dust and sky. 
 
 

 
 

Robin Leadbeater 
 

 

robin@threehillsobservatory.co.uk 

 

  
 

 

 

 

  

http://www.spectro-aras.com/forum/viewtopic.php?f=6&t=2574&start=20#p14507
http://www.spectro-aras.com/forum/viewtopic.php?f=6&t=2574&start=20#p14507
http://www.spectro-aras.com/forum/viewtopic.php?f=6&t=2574&start=20#p14507
mailto:robin@threehillsobservatory.co.uk
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4 Video Astrometry of Comets      Alex Pratt    
 

  
Astrometry of a comet is usually performed 
by taking a CCD image and using software 
such as Astrometrica to determine its RA 
and Dec with reference to a field of stars 
whose positions are given in an 
astrometric-quality star catalogue.  This 
article describes the technique of video 
astrometry, where an integrating video 
camera is used to obtain a series of GPS-
timestamped images over a brief period 
and they are analysed in Tangra to 
measure the position of the comet.   
 
[Note: Hristo Pavlov initially designed 
Tangra to perform video astrometry of 
asteroids and comets.  [1] Its photometry 
module is used to analyse video recordings 
of asteroidal occultations to reduce their 
light curves and determine the times of 
disappearance and reappearance].  [2] 
 
The development of video astrometry  
 
In 2009 Dave Herald wrote an article about 
video astrometry of asteroids, [3] in which 
he proposed a method to record a video of 
an asteroid, convert the frames into FITS 
image files and process them in 
Astrometrica to derive its RA and Dec.  
During that year Hristo Pavlov developed 
Tangra - to streamline the process that 
would have involved converting the video 
and using Astrometrica - by performing its 
own plate solving and reduction of each 
video frame. 
 
Typically, in a recording of 60seconds 
duration, an integrating video camera 
outputs about 200 separate images, 
depending on its integration setting.  
Tangra plate solves and analyses each 
video image and derives the positions of 
slow-moving asteroids or comets (sky 
ÍÏÔÉÏÎ ЃςȢπȱȾÍÉÎɊ ÆÒÏÍ ÔÈÅ median values 
of these RA and Dec coordinate pairs.  
Faster objects, such as Near-Earth 

Asteroids or swift-moving comets, are 
measured by motion-fitting their 
movement in RA and Dec.  Tangra can 
produce O-C astrometric residuals smaller 
ÔÈÁÎ ρȱ ÆÏÒ ÂÏÄÉÅÓ with sky motions of 
φππȱȾÍÉÎ.   
 
Recording a video  
 
I use a Watec 910HX mono video camera 
with an IR/UV filter on a Celestron 11 f/10 
SCT with a Meade f/3.3 focal reducer on a 
Losmandy G11 mount and Gemini GoTo.  
This setup has an effective focal length of 
ωππÍÍȟ ÇÉÖÉÎÇ Á ÆÉÅÌÄ ÏÆ ÖÉÅ× σπȭ ÁÃÒÏÓÓ 
the diagonal and an image scale of 
ͯρȢχȱȾÐÉØÅÌ.  It gives a reasonably flat field 
and telescope collimation is maintained 
ÕÓÉÎÇ Á ÓÅÔ ÏÆ "ÏÂȭÓ +ÎÏÂÓ.  The output 
from the camera is fed into a video time 
inserter [4] which embeds accurate UTC 
(received from GPS satellites) into the 
video stream recorded onto a laptop 
computer.   
 
Analogue video cameras generate frames at 
a fixed rate of 25 per second (for the PAL 
video standard.  The NTSC standard gives 
29.97 fps).  [5] At an integration setting of 
8 frames etc.  they produce large numbers 
of repeated frames.  (ÒÉÓÔÏ 0ÁÖÌÏÖȭÓ 
OccuRec video recorder software [6] saves 
a single averaged image from each 
integration period, slightly improving the 
signal-to-noise ratio and creating a much 
smaller output video in its AAV 
(Astronomical Analogue Video) format.  It 
uses Lagarith Lossless Codec compression.  
I run OccuRec on my Windows 10 laptop 
with a 256 GB SSD.   
[Note: OccuRec also supports 
timestamping using NTP Internet time 
servers]. 
 
The Minor Planet & Comet Ephemeris 
Service webpage of the MPC is used to 
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obtain the current position of the asteroid 
or comet and its magnitude.  [7] C2A 
planetarium software is employed to 
identify the star field.  [8] Depending on the 
apparent motion of the object and its 
ÂÒÉÇÈÔÎÅÓÓȟ ) ÁÄÊÕÓÔ ÔÈÅ ÃÁÍÅÒÁȭÓ 
integration setting to minimise its motion 
per pixel, maximise the number of field 
stars and avoid image saturation.  A setting 
of x16 (8 frames, 0.32s exposures) reaches 
magnitude 14 and produces approximately 
180 images in a 60s recording.  The half-
degree field occasionally has a paucity of 
reference stars.   
 
In suburban NW Leeds my light-polluted 
skies are Bortle 7 with a Sky Quality Meter 
reading of almost 19.0 at best. [9] My 
observing conditions are even further 
degraded when my neighbours' PIR 
(in)security lights are activated, flooding 
my garden and observatory (Z92) with the 
beam from one - and sometimes two - 
intensely bright photon torpedoes.  Then 
Bortle 9? Despite this local environment I 
record and measure asteroids to mag.  15; I 
follow the brighter comets but rarely make 
total magnitude estimates.  )Æ Á ÃÏÍÅÔ ÉÓÎȭÔ 
too faint and has a good degree of 
condensation it can be a candidate for 
video astrometry .   
 
Reducing a video recording  
 
To analyse and reduce a video Tangra 
needs to determine the pixel width and 
height with reference to the effective focal 
length, to calibrate the star field and to 
perform precision astrometry on the target 

object.  A recording with a good 
distribution of stars across the field should 
be used for calibration.  Tangra uses the 
UCAC4 astrometric star catalogue for this 
and for plate solving, and Gaia DR2 is also 
supported via an online link to gaia.aip.de.  
The calibration steps will not be described 
here, they are documented in A Guide to 
Video Astrometry.  [10]  
[Note: This guide was last updated in 2015 
and is due for revision, but a lot of the text is 
still valid] .   
 
As an example, the potentially hazardous 
asteroid (52768) 1998 OR2 was monitored 
in March and April 2020, resulting in 90 
GPS-timestamped video astrometric 
measurements from 22 nights being 
submitted to the MPC.  Tangra support for 
Gaia DR2 was implemented during this 
time, but for continuity I used UCAC4 for all 
reductions.   
 
On 2020 March 20 the object was about 
magnitude 14 and had a sky motion of 
πȢυȱȾÍÉÎ.  A 66 second recording at 0.64 s 
integration setting gave 105 frames and 
these were plate solved and analysed using 
4ÁÎÇÒÁȭÓ 3ÌÏ× ɉЃςȱȾÍÉÎɊ ÍÕÌÔÉ-frame 
astrometry option (Figure 1).  The mini-
plot displays these individual RA and Dec 
measurements, their median values, the 
estimated magnitude and the mid-time (to 
5 decimal places) for submission to the 
MPC.  Tangra uses all stars in the field to 
determine the magnitude of the object and 
it offers Cousins V and Johnson R output 
bands.  I use Johnson R with my Watec 910 
video camera.   
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Figure 1 ɀ Video astrometry of (52768) 1998 OR 2 on 2020 March 20 

 
A month later, on 2020 April 19, the 
asteroid was magnitude 12 with a sky 
ÍÏÔÉÏÎ ÏÆ χȱȾÍÉÎ.  A 70 second recording 
at 0.32 s integration gave 221 frames.  
4ÁÎÇÒÁȭÓ 3ÌÏ× &ÌÙÂÙ ɉςȱȾÍÉÎ -Є ςππȱȾÍÉÎɊ 
option was selected to analyse 201 frames.  
In this case it motion-fitted the RA and Dec 
values and in its Fast Motion Astrometry 
page it gives the time to 6 decimal places 

(Figure 2).  4ÈÅ ȬÎȭ ÐÒÅÃÅÄÉÎÇ ÔÈÅ ÄÁÔÅ 
indicates that the astrometry is a mini-
normal place to micro-day precision 
interpolated from GPS-timestamped video 
frames. [11] I ÎÏ× ÕÓÅ 4ÁÎÇÒÁȭÓ &ÌÙÂÙ 
(motion-fitting) options for all my 
astrometry, finding they give better results 
than the Slow (median values) option.   

 

 
Figure 2 ɀ Motion -fitted video astrometry of (52768) 1998 OR 2 on 2020 April 19  
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Tangra exports data to an observation file 
for submitting to the MPC.  Figure 3 shows 
an example of 5-figure and 6-figure timed 
astrometric measurements, currently in 
80-column format.  Tangra will be 
supporting the ADES format.  The text 

Ȭ'03-ÔÁÇÇÅÄ ÖÉÄÅÏȭ ÃÏÎÆÉÒÍÓ ÔÈÁÔ ÈÉÇÈ-
precision timestamping was used in the 
reductions.  The observation report file s 
ÁÒÅ ÓÅÎÔ ÔÏ ÔÈÅ -0# ÕÓÉÎÇ ÔÈÅ Ȭ3ÕÂÍÉÔ 
ÁÓÔÒÏÍÅÔÒÉÃ ÏÂÓÅÒÖÁÔÉÏÎÓ ÖÉÁ Á ×ÅÂ ÆÏÒÍȭ 
link. [12]   

   

 
Figure 3 - An extract from data submitted to the MPC  

 
Comparing CCD astrometry and video 
astrometry  
 
NEODyS (Near Earth Objects - Dynamic 
Site) [13] automatically collects MPC data 
to compute the orbits of NEOs and 
publishes (amongst other data) their 
astrometric and photometric residuals.  
&ÉÇÕÒÅ τ ÃÏÍÐÁÒÅÓ ÏÂÓÅÒÖÅÒÓȭ ##$ and 
video measurements of (52768) 1998 OR2, 

showing the RA, Dec and magnitude 
residuals, and a chi-squared data quality 
assessment.  The magnitude residuals are 
derived from the tangle of G, R and V 
magnitudes submitted by observers.  In the 
chi-squared results, values nearer to 0 are 
considered to be better quality.  Z43 is 
another video observer, Christophe 
Ratinaud (France).   


