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Perseids 2012 - Multi-station meteor

videography

Alex R. Pratt, William Stewart & Leonard Entwisle

This paper describes a network of low-light video cameras operated from Cheshire
and West Yorkshire that monitors the activity of meteor showers, enables the preci-
sion measurement of radiant positions and, from the best quality data, estimates the
altitudes and geocentric velocities of meteors and their solar system orbits. The
results from multi-station observations of the Perseid meteor shower in 2012 Au-
gust are presented and discussed.

Equipment and methods Table I. Magnitude distribution of Perseid and sporadic meteors

Alex R. Pratt (ARP) operates a Watec 902H2 camerawitha ~ —oeeeemeoeeeees Magnitude ----------------- Mean
Computar aspherical 3.8mm /0.8 lens, facing south from Leeds, e e T A T mag.
West Yorkshire, UK. William Stewart (WS) operatestwoWatec L eeds

902H cameraswith Compuitar aspherical 8mm f/0.8 lenses, one Zggsggiis g g oo gg 2(1) 5 8 8 :8:2
fqu ng east and the othq fapllng north from Ravensmoor, Ches: . cnamoor East

hire. The approximate limiting magnitudes of the systemsare  perseids 2 3 13 38 56 23 0 0 O -0.4
Leeds 3.5, Ravensmoor East 4.0 and Ravensmoor North 5.0.  Sporadics 0 2 7 3281 63 4 0 0 0.1
WSruns his camerasevery night, irrespective of forecast con- ~ Ravensmoor North

ditions, in order to maximise the number of meteors captured. Zggsggiis 8 f g 12 gi ‘7‘? ;g ig 5 ig

Meteors are detected and recorded by UFO Capture soft-
ware (devel oped by SonotaCo)? running on Windows PCs; each
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captureisdisplayed to 0.1s (processed internally to 0.04s), time-
synchronised to an NTP server. Detailed analyses are performed
using the UFO program suite. The resultant captures are proc-
essed by UFO Analyser, registering against the Sky 2000 star
catalogue with average positional errorsof <0.3 pixelsand <0.03°,
to determine shower membership. The Leeds and Ravensmoor
cameras operate across a baseline of 107km and multi-station
events are processed by UFO Orhit to estimate meteor shower
radiants, start and end heights, geocentric velocities and orbital
elements. Further details can be found on the authors’ website.2

2012 Perseid results

Thefirst likely Perseid candidate was recorded on 2012 July 12 at
01:24:56 UT (L eeds) and thelast on 2012 September 11 at 23:06:20
UT (Leeds). The magnitude distribution from July 11 to Septem-
ber 12 (measured by UFO Analyser) isgivenin Table 1 (meteors
from minor showersare not included).

Theactivity profile of the Perseidsispresentedin Figure 1. (All
datesare Oh UT). The histogram indicatesthat rateswere low until
there was a small increase around July 20/21. Activity picked up
after August 04/05, with peak activity between Au-
gust 08/09 to 13/14, although bad weather hampered

observations on the nights of maximum. Rates de-
clined rapidly after August 15/16. Theactivity profile

is generally symmetrical, with a suggestion that it is
skewed to theleft, indicating that the riseto maximum

Ravensmoor North

ismore gradual than thefall from the peak.
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Figure 1. Daily 2012 Perseid video captures.
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Multi-station Perseids

UFO Orbit supportsthree built-in quality assurance
criteria:

Q1 —minimum criteriafor radiant computation;

Q2 —standard criteriafor radiant and velocity com-

putation;

Q3 —criteriafor high precision computation.
(When analysing captures, Q1 includeslevel Q2 and
Q3 data, Q2 includeslevel Q3 data.)
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Figure 2. 2012 Perseid radiant drift in right ascension.

Between 2012 July 30 and September 03 atotal of 40 Q1 two-
station Perseids were recorded. In addition, Len Entwisle (LE)
ran a Watec 902H camera with an aspherical Computar 3.8mm
/0.8 lensfacing south from Elland, West Yorkshire on the nights
of August 08/09 and 09/10, recording to videotape. ARP post-
processed LE’s tapes via UFO Capture but could not obtain an
average star alignment error <1.0 pixel. Almost al of thedatawere
rejected at the Q1 level, except for a Perseid on August 08 at
23:07:43 UT, whichisathree-station capture.

Perseid radiant drift

UFO Orhit was used to derive the radiant point for each multi-
station Perseid, corrected for zenith attraction. The positions of
theradiant pointsfrom 40 multi-station Perseids between July 30
and September 03 were used to estimate the daily drift of the
radiant in right ascension and declination.

Declination (2000)

130 ] 145
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Figure 3. 2012 Perseid radiant drift in declination.

158

Table 2. Right ascension of the Perseid
radiant at maximum

Solar long.(°) RA (°) RA
ARP/WS/LE 139.9 48.2 3h 13m
HBAA 139.9 46 3h 04m
IAU MDC 140.19 48.33 3h 13m
IMO 140.0-140.1 48 3h 12m

Table 3. Declination of the Perseid
radiant at maximum

Solar long.(°) Dec (°)
ARP/WS/LE 139.9 57.9
HBAA 139.9 58
IAU MDC 140.19 57.96
IMO 140.0-140.1 58
Radiant driftin RA

SeeFigure 2. Themethod of |east squares givesagood linear fit:

RA =1.285x% (Solar longitude) —131.56

r=0.937
Thedaily motionin RA during the observed period is estimated
as 1°.29, whichiscloseto the value of 1°.35 by Cook3 quoted in
the 2012 BAA Handbook.

If Perseid maximum occurred at solar longitude 139°.9 its esti-
mated RA is48°.2 (3h 13m), which differsfrom theva ue of 46° (3h
04m) giveninthe 2012 BAA Handbook, but isin agreement with
the IAU Meteor Data Centre# and the International Meteor Or-
ganisation® as presented in Table 2.

Radiant drift in Dec

See Figure 3. The method of |east squares gives the linear fit:

Dec =0.209%(Solar longitude) + 28.67

r=0.576
Thereisalot of scatter in the data, showing weak correlation, but
the daily motion in Dec during the observed period is estimated
as 0°.21, which is not too dissimilar from the value of 0°.12 by
Cooks3 quoted in the 2012 BAA Handbook.

If Perseid maximum occurred at solar longitude 139°.9 its esti-
mated declinationis57°.9, in good agreement with the values of
58° given in the 2012 BAA Handbook, the IAU Meteor Data

Altitude (km)

O Detection

L] @ Extinction

-4 -3 -2 -1 o 1
Absolute magnitude

Figure 4. Detection and extinction heights of 15 Q2 Perseid meteors.
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Center4 and the International Meteor Organisation®
as presented in Table 3.

Meteor detection and
extinction altitudes

UFO Orbit computed the start and end heights of 15
Q2 Perseid meteors captured between July 30 and
August 15 (see Figure 4).
The method of least squares givesthe linear fits:
Detection altitude = 1.29x(Absolute mag) + 113.0
r=0.447
Extinction altitude = 4.24x(Absolute mag) + 99.3
r=0.785

|2012/08/08 .. 2012/08/15

This suggeststhat Perseids burn up about 4km lower
in altitude for every one mag increase in brightness.

Geocentric velocities

UFO Orbit computed the geo-
centric velocities, Vg, of the 15
Q2 Perseid meteors, asfollows:

e 4. Geocentric velocities

Vg (km/s) Mean 59.1km/s
ARP/WSILE 59.1 Std dev Q9§krn/s
IAU MDC 59.38 This is again in good agree-
IMO 59

ment with|AU MDC and IMO

data (Table ).

Orbits of Perseid meteors

UFO Orbit computed the orbital elements of 6 Q3 Perseids. For
each pair of observations it calculated two orbits and a unified
orbit. Thelatter aregivenin Table5.

A polar view of thesix unified orbitsisdisplayed in Figure5.

Conclusions

The results are consistent with the shower data catalogued by
the BAA, AU MDC and IMO. By applying quality assurance
checks the equipment and methods should give reliable results
for other meteor showers.

Thereis some variability inthe Perseid orbital elements, espe-
cialy the estimates of the semi-major axisand period, presentedin

Figure 5. Polar view of the six Unified Perseid orbits.

Table5. Theauthors' valueof ‘& issignificantly different from that
quoted by thelAU MDC andisnearer to the value of the Perseids
parent comet 109P/Swift-Tuttle.6 As shown in Table 1, the au-
thors' equipment islimited to detecting bright meteors, so we are
only monitoring and analysing a restricted sample of the shower.

A small error in the measured position and estimated geocen-
tric velocity can give larger errors in the values of the orbital
parameters‘a and ‘p’. We have obtained better resultsfromrela-
tively slower meteor showers, e.g. the Northern and Southern
Taurids and the Geminids, which will be published at alater date.
SonotaCo confirm that orbital analysis of high velocity meteors
isat thelimits of the current equipment.”

The authors recommend that the BAA Meteor Section con-
siders reviewing the values of solar longitude and RA for the
Perseid maximum published in the BAA Handbook.
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Table 5. Orbital parameters of six Perseid meteors and IAU MDC

shower data References
Solar long. a (AV) g (AY) € P el NEEE lc] 1 http://sonotaco.com/e_index.html
137.5025 17 0.951 0.944 70.383  150.7 137.5 114.16 2 http://www.nemetode.or g/
137.571 15.6  0.941 0.94 61.581 148.3  137.57 114.1 3 NASA SP-319, pp. 185-186, 1973 _
137.6279 111 0.941 0.916  37.17 148.2  137.63 107.48 4 http://www.ta3.sk/AUC22DB/MDC2007/Roje/
137.6401 37 0.958 0.974 224.789 152.8 137.64 112.15 pojedynczy_ obiekt.php?kodstrumienia=00007
137.7316 8.2 0.95 0.884 23.522 150 137.73 115.86 5 http://imo.net/calendar/2012#per
142.4478 14.3  0.958 0.933 53.829 152.7  142.45 114.38 6 http://ssd.jpl.nasa.gov/sbdb.cgi?sstr=109P

Mean 172 095 0932 78545 1505 138.42 113.02 ; ﬁon‘?‘/"’/‘co' pers, comm. 2015 Océ"bef 1?

Sd. dev. 10.2  0.008 0.03 73.61 2 1.98 2.96 ttp://meteorobserver.proboards.com

IAU MDC 71.4  0.953 151.3  140.19 113.22
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