Short paper

The Isle of Lewis fireball of 2013

October 14

William Stewart

On the evening of 2013 October 14 several fireballs were reported over the
British Isles. One was observed and photographed to the north of the Isle of
Lewis, Scotland at 19:30 UTC. This paper details the observation and provides an
analysis based on the photographs that were taken.

Observation

Thefireball wasfortuitously recorded on 2013 October 14 at 19:30
(@l timesUTC) by Byron Griffiths (BG) who wastaking aseries of
imagesof anaurord display from58°12'28" N, 06°17'41" W, dtitude
3m, near Branahuieonthe le of Lewis. The sky wasclear witha
very small amount of scattered cloud to the north. Thelunar phase
was 80% (magnitude —11.4, elevation 22° in the SSE). BG wasus-
ing atripod-mounted Canon EOS 7D fitted with a50mm [ens. Each
exposure was 5 seconds at f/2.8 at SO 1000 and the camerawas
pointed just east of north.

Theexposureinterval was 1 second (controlled viaaremote shut-
ter releasewith abuilt-intimer) and the offset between the camera's
onboard clock and UTC has been accounted for, but only to the
nearest minute. (Thiswas a consequence of the unknown drift rate
of the camera's onboard clock?! and the 15 days that elapsed from
when the images were taken to when the offset was measured.) A
composite of thetwo consecutiveimages, which werethe subject of
anumber of mediareports,2isshown in Figure 1. Clearly the event
was observed very close to the horizon and the effects of atmos-
pheric extinction and refraction makethefireball appear dimmer and
higher in the sky than would have otherwise been the case.

A review of onlinefireball reporting sites34.5 did not reveal any
other observations at atime or location consistent with BG'sim-
ages. Thismay be dueto the cloud cover that lay over Scotland at
the time (see Figure 2) and the remote nature of the location. Of
note however is Douglas Scott’s observation from Inverness* in
which he describes a vivid turquoise fireball at an angle of 40°,
dlightly brighter than Venus, of duration 5-7 secondsto hisnorth-
west. Thetimeisreported as‘ approx 18pm GM T’ and thefireball is
reported astravelling  South to North, Left to Right’.

Another report from Inverness,3 elements of which bear an un-
canny resemblance to the previous report, gives atime of ‘16pm
GMT’ andthetrgjectory asbeing ‘ North to South’ for aduration of
‘6—7 seconds’ at an angle of 40°. Itisnot clear if thisisthe same
observer reporting the same observation on two online systems.

Table |. Measured values of azimuth and elevation
of key features in Byron Griffith’s fireball images

Feature Azimuth Observed Corrected
elevation elevation
Detection 18.618° 5.138° 4.976°
Gap start 16.281° 3.474° 3.257°
Gap end 15.257° 2.700° 2.441°
Extinction 12.806° 0.891° 0.471°

(behind headland)

Corrected elevations take account of atmospheric refraction

100

.

Figure 1. Composite of Byron Griffiths two images of the same fireball. The gap in
the trail is due to the 1 sec interval between consecutive exposures. The field of view
(HxV) is approximately 24°x16° and the stars visible in the image are from a somewhat
obscure part of the sky centred on RA 7h 20m, Dec +39°, bordered by Lynx, Auriga and
Gemini. The streetlights in the image are the village of Col and the fireball is seen to
disappear behind the headland. The brightest stars in the image have a typical apparent
magnitude (taking account of atmospheric extinction) of +5.5.

The azimuth and observable range are consistent with the 19:30
event, though the reported times and directions of travel are sig-
nificantly different and mutually inconsistent. The author is not
aware of any other reported observations of this event.

Analysis

Key featuresin thefireball trail were measured against stellar posi-
tionsin each of BG'simagesusing SellariumV0.12.2, configured
to BG's location and altitude and set to the time of the event.
Bennett’sformula

R=cot(OE + 7.3L/(OE + 4.4)) [1
where R is the refraction in arcminutes and OE is the Observed
Elevation, wasapplied in order to correct for atmospheric refrac-
tion. Theresultsaregivenin Table 1.

Firebal Istypically becomevisibleat an atitude of 110 km. From
thecorrected elevation givenin Table 1, there-entry commencement
point can therefore be estimated asbeing 1250 kmto the NNE of the
observer at 68° 34' N, 03° 25' E, over the seato thewest of Norway.
Clearly the fireball was travelling westwards but in the absence of
definitive observations from other locations it is not possible to
infer if the subsequent path wastowards, away or orthogonal to the
observer. Theapparent angleis 38° to the horizon, remarkably close
to the 40° reported in the possible visual observations.34 Assuming
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Assuming each air mass |eadsto adrop in magnitude of 0.28,8 the
maximum apparent magnitude through asingle air massis calcu-
lated as—14.6.

Fireball magnitudes are normalised to an absol ute val ue defined
as their apparent magnitude if they appeared at the zenith at an
atitude of 100 km (that is, through asingle air mass). The absolute
magnitudeat adistance of 100 kmwas cal culated using theformula:

the trajectory was
orthogonal, the fireball
penetrated to an dtitude
below 11 km approxi-
mately 125 km to the
WNW of the re-entry
commencement point.

“ g "*"‘" ; w2 - L '-h‘
Figure 2. 10.8um infrared satellite image showing
cloud cover over and to the N of the British Isles on
2013 Oct 14 at 19:00 UTC (courtesy Sat24.com/
Eumetsat/Met Office).

The nearest landmass is
over 300 kmfromthispoint anditishighly likely that any surviving
fragments would have landed in the Norwegian Sea.

Ascan be seenfrom Figure 1, thefireball continued to brighten
until it disappeared behind the headland. The pixel valuesin the
image are saturated (pixel value 255; BG was capturingimagesin 8
bit jpg format). A line profile of pixel values (average of red, green
and blue channels), orthogonal to thefireball trail and crossing at
the brightest point, was taken and a normal distribution curve
fitted in order to estimate what the values would have been had
the pixels not saturated. Thisis shown in Figure 3, left. A similar
approach was adopted for the stars 65 Aur, DU Lyn, 71 Gem and
HIP 37369 (thelatter of whichisshownin Figure 3, right) that are
relatively close to the fireball and which have known apparent
magnitudes (taking account of atmospheric extinction). The maxi-
mum apparent magnitude can then beinferred viaacomparison of
the areas under the curves of the fireball and the four reference
stars, and was determined to be —2.2 +0.8.

Thisvaue will be an underestimate for two reasons. Firstly, the
light from the stars had 5 seconds (the length of each exposure) to
build up on the pixelsin the image whereas the firebal, dueto its
movement acrossthe sky, would have had much lesstime (thefocal
length, short exposure duration and high declination mean that the
effects of star trailing due to the Earth’s rotation can be ignored).

The interval between exposures was 1 second and during that
period, the fireball traversed the gap shown in Figure 1. Thiswas
measured as 214 pixels. The fireball peak width at the base from
Figure 3is 29 pixels. Assuming thetrgjectory was orthogonal tothe
observer (hence no corrections to account for foreshortening), the
saturated pixels were therefore exposed to the brightest part of the
fireball for aduration of 0.136swhichis 1/37 of the total exposure
time. Assuming alinear detector response acorrection factor of x37
may therefore be applied to the area shown in Figure 3, left, which
rai sesthe maximum apparent magnitudeto —6.1.

A second correction should be applied to account for atmos-
pheric extinction. Towardsthe zenith we arelooking through 1 air
mass and a correction is required for objects at lower elevations,
particularly near thelocal horizon. Using Rozenberg's Equation?

Air Mass = 1/[cos z + 0.025 exp(~11 cos2)] 2

wherezisthe zenith angle (90°—Corrected Elevation), thetotal air
massat an elevation of 0.471° (from Table 1) iscalculated to be 31.
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M100 = Mops—(2.512* 10g Ljnc) K
where m; o is magnitude at a distance of 100 km, m, isthe ob-

served magnitude and L, is the increase in luminosity given by
theformula:

Linc = (d/100)? 4

where d is the distance (in km) between the observer and the
meteoroid.

Again assuming the fireball trajectory was orthogonal to the
observer and was hence at arange of 1250 km, the absol ute magni-
tudeiscalculated to be —20.1.

Theoverdl firebal trail showninFigure 1 extendsfor 1326 pix-
elsfromthestart until it disappears behind the headland. Compar-
ing this length to the number of pixels across the previously de-
scribed 1 second gap (214 pixels) gives an overall duration of 6.2
seconds, avaluethat is consistent with the af orementioned visual
observations. Assuming the trgjectory was orthogonal to the ob-
server places alower limit on the average velocity of the fireball
during re-entry of 25.7 km/s.

In order to quantify how much the cal culated absol ute magni-
tude could be in error as a consequence of assumptions in the
value of ‘d’ used in Equation 4, the author considered the case
wherethe parent meteoroid had the maximum possible geocentric
velocity for a solar system bounded particle at the radius of the
Earth’sorbit (72km/s).® Taking thisvaluein conjunction with the
observed duration and assuming atrgectory parallel tothe Earth’'s
surface gives an estimated maximum range from the previously
given re-entry commencement point of 446 km. Applying thisfig-
ureto atrgjectory that isat an angle of 45° towardsand away from
the observer yieldsalternate values of ‘d’ of 986 km and 1602 km
respectively, which in turn lead to absolute magnitude values of
—19.6 and —20.6 respectively.

The author also considered the implications of the fireball’'s
initial visibility being at an altitude lessthat 110 km, perhapsasa
consequence of atmospheric extinction resulting from the distance
to the observer. If the altitude was halved to 55 km the range,
assuming an orthogonal trgjectory, would also be halved from 1250
to 625 km. The absolute magnitude would therefore be—18.6. The
author therefore concludes that reasonable assumptions for er-
rors in the value of ‘d’ do not have a significant impact on the
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Figure 3. Fit of normal distribution curves to (left) an orthogonal slice through brightest region of Isle of Lewis fireball of 2013 October 14, and (right) a
slice through star HIP 37369 (apparent magnitude 7.18) from the same image.
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derived absolute magnitude.

Without knowing the truetrajectory of thefireball it isnot pos-
sibleto reliably estimate the radiant position, geocentric velocity
or potential mass of the meteoroid and hence the author has made
no attempt to do so.

Conclusions

On 2013 October 14 at 19:30 UTC afireball with an absolute magni-
tude of the order of —19 was observed over the Norwegian Sea
The absolute magnitude and altitude penetration strongly sug-
gest that this was a significant event and that fragments could
have survived re-entry. While fortunate that it did not occur over
a populated area, the uncertainties in the trgjectory and the fact
that it occurred far out to sea make the possibility of recovery of
these potential fragments somewhat remote.
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