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Chapter 51 Determination of Radiant Structure

6-1 Introdunction

In the past meteor radiant data have been obtained from visual and
photographic techniques. These generally involve the extrapolation of
the apparent trajectories of meteors back to their points of mutual
intersection. In the late 1942’3 Hoffmelster produced plots of radiant
activity from the density of such points on the celestial sphere
{Jones, 1977). A drawback of his method i3 that the crossing points of
shower and sporadic meteor trains have no physical significance. These
points cannot bhe distinguished from those which are relevant, and thelr
presence degrades the image of the radiant. The method is unsuitable
for large data sets because the numbsr of intersection points, and

‘hence the amount of computation, increases approximately as the square

of the number of trains.

An alternative has been to plot the itrains of individual meteors onto a
gnomic projection map, where they appear as straight lines. When the
lines are extended, those due to atresam members have a common
intersection at the shower radiant. Although this method has heen used
to determine stream radiants when the ratic of shower to sporadic
meteors is greater than unity, the radiant of a weak shower in the
presence of a atrong sporadic background is difficult to locate {Jones
& Morton, 1977). No information concerning shower radiant structure can
be obtained in thiz way. '

Radar methods for radiant determination generally rely on the specular
reflection condition. With these methods a greater abundance of data is
avallable than with the above technigues, although the melteor radiants
deduced are usually leas precise. The traditional approach has been to
determine radlo-meteor radiants from simultaneous observations at two
or more stations. However the relative simplicity of a monostatic radar
has prompted meteor aatronomers io ressarch meithods for determining
radiant distributions from single-station data.

To this end Clegg (1948) has described a method of establishing the
poaitiona of shower radiants which relies on the diurnal motion of the
echo line through the antenna beam. Due to this motion the range of
reflaction points of showsr echoes varies as a function of time, and
from range-time plots the radiant coordinates can be deduced. The
sensitivity of the method 1s improved by decreaszing the azimuthal beanm
width. The overall resolution is usually some 3° (Morton & Jones,
1982}, although 1t i3 considerably worse for radiants which transit far
from the zenith. The method is of limited use when several centres are
active, and 1s unsultable for providing data on fine radiant structure.



Another technique for recovering stream radiants from single-station
data has been devised by Jones & Morton (1977). The echo directions are
transformed into equatorial coordinates and projected onto a plane
tangential to the celestial sphere. Sporadic echoes are distributed
randomly on the plane, whereas those due to meteors which emanate from
a point radiant form a straight line. Any linear clustering of points
therefore indicates the presence of a shower. Strong showers show up
well, but again shower radiant structure cannot be deduced.

Although the radar techniques discussed above do provide means of
locating centres of high activity, they fall short of allowing us to
observe structural features in the distribution of meteor radianta. Our
only information concerning the meteor radiant distribution is our
knowledge of the distribution of echo directions. The problem of .
'unscrambling’ the echo directions in order to recover the
distribution of radiants from single-station data has been tackled by
Jones {1977) and Morton & Jones {(1982). Jones’ .(1977) scheme of
deconvolving shperical harmonic tranaforms has produced maps of radiant
activity similar to those of Hoffmeister, whose method we have _
described above. However, the excessive amount of computation required
by Jones’ method when applied to large data sets prompted Morton 2
Jones (1982) to propose a different scheme. According to their method,
the strength of an arbitrary radiant is determined from the number of
reflecting points orthogonal to it to within 1°. Thelr meteor radiant
maps reveal considerable fine structure in the sporadic meteor complex,
and show up features only 1° wide. However, the images of stream '
radiants obtained in this way suffer from severe ’'astigmatism’, i.e.
elongation along the great cirele at right angles to the beam axis.

In thia chapter we describe an attempt to upgrade the method of Morten
& Jones (1982). By introducing a procedure of weighting each meteor
echo in accordance with the beam sensitivity in the direction of the
echo, we hoped to.reduce the astigmatism effect. The cause of the
agtigmatism and our attempt to eliminate it are discussed in the
following section.
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Fig 6-1: The geometry of meteor reflection. N shower meteors
emanate from a radiant at R. The observer is at 0. E,, Ep,
...Ey indicate possible echo directions, and ABC is the ’echo
arc’, The dotted arc, which lies in a plane orthogonal to the

vector OE,, is the locus of possible radiants for the i th
meteor,



. =2 Theory

We have already dealt with the geometry of meteor reflection in Chapter
3. Fig. 6-1 illustrates the situation for the purposes of the prssent
explanation. Let N shower meteors capable of producing the minimunm
detectable line density (0,0, see section 3-4) if incident vertically,
and travelling in parallel paths, appesar to smanate from a radiant at
R. The arc ABC of a great circle lies orthogonal to the radiant vector
CR and defines the locus of possible echo directions, indicated by Ei,

E2, ...En. We shall refer to ABC as the ’echo arc’. According to our
scheme the actual sirength of the radiant at R is N, since N reflection
points lie on the associated echo arc. However, in practice the number
of echoes detected will always be less than N, and at best we can
arrive at only an estimator of N.

Conversely, the echo direction E; corresponds to the arc of a great
circle perpendicular to the vector OE,, which iz the locuz of possible
radiants for the i th meteor. According to our method, the secho
registration at E; ia ascribed to radiant points all along this arc.

For a radar facility with an all-sky coverage the reflection points of
shower echoes received throughout the day will bs distributed uniformly
around 180° of the echo arc. It should be clear from the above that any
concentration of the echo directions at a point on the echo line will
cause the posasible radiants on ithe great circle orthogonal to the point
to be highly weighted. This situation prevails when echo data are
collected with a narrow-beam radar. Spurious, elongated regions of high
-activity then appear on the radiant contour maps, at right angles to
the beam axis. This is the origin of the asigmatism which distorts the
maps of Morton & Jonss (1982).

The most suitable monostatic radar for the present purpose is one with
a broad sky coverage, so that any radiant remains detsctable for most
of the time that it is above the horizon. This criterion is well~
satisfied by the Grahamstown radar {(see Chapter 4) although the bean is
not isoiropic. A direct consequence of the anisotropy is that the
detection probability p (see Chapiter 4) varies along the echo arc, so
that ths density of reflsction points on the arc is inhomogeneous. The
calculated distribution of radiants is liable to suffer from a degree
of astigmatism, but this can be reduced by smoothing the uneven
distribution of observed echo directions. A more homogensous
distribution can be obtained by weighting ths reflection points in
order to compenaate for the non-uniformity of p along the echo arc.

Bearing Fig., 6-1 in mind, we proceed by dividing the echo arc into k
segments. At any point on the arc, the values of py and p
can be calculated from eguations {4.2) and {4.13), resgpectively. let Y,
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be the number of echoes received from the i th sagment, at the centrs
of which the detection probability is pa (® € p; ¢ 1). The total number

of shower echo-registrations is
k
Iy,.
i=1

On average, a single registration meana an incidence of 1/p; metsors in
the i th segment. A naive estimator of N, the total number of meteors
emanating from R, is therefore

N, =
i

n e =

Y, /p; .
y 177

Ni is the provisional strength of the radiant R. This estimator was
implemented in a preliminary version of the radiant mapping progras
{discussed in the following section), but the contour maps exhibited
spurious sharp ridges which were evidently caused by the fact that, in
many cases, a large proportion of the value of N; came from a single
registration in a segment with a very small value of p,. It was
therefore apparsent that the naive estimator of N is deficient, and an
alternative was socught, with the asaistance of a specialiat in

statistics,

A detailed investigation into the statistics of the estimation has
revealed that the problem is not trivial, It can be shown {Appendix 2)
that the most efficient estimator of N ia arrived at by (1) sumaing
the pi’s over the echo arc at a particular time of day, and then {2)
summing these quantities for the entire day. The second step is
neceasary to provide for the fact that the echo arc i3 in continuous
motion across the beam, as a consequence of which the summation in step
{1) will be different for each of t time-intervala. We have called the
quantity

S =ZIp veoi6.1)
=1 ni

the ’'total detection probability over the echo arc’ during the n th
time-interval. The second step can be writien

S ees (6.2)

G =
n

n

LU - e d

1

We have called G the ’grand total detection probability’ for the
radiant R in Fig. 6-1.
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The best estimator of N i3:

e 16,33,

The numerator of {6.3) is the total number of echoes returned from the
echo arc for radiant R over one day. Certain scaling constants have
been ignored here, but for the purpose of comparing the activity of
different radiants this iz immaterial.
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6-3 Method

The recovery of the meteor radiant distribution froa the distributien
of reflection pointa ig performed as follows: We firat select a region
of the celestial sphere in which we define a regular grid of possible
point radianta. The eatimator of N for each point is than calculated
from equation (6.3), although we count the number of schoes returned
from an belt of finite width and centred on the echo are, rather than
from a discrete arc., This is because of an uncertainty of ~2° in the
observed echo directions which causes the reflection pointa to atray
from the echo arc. long echoes which produce multiple registrations
will be the cause of unwanted ridges on a contour map of the intensity
of meteoric flux, at right angles to the echo dirsction. Any echo which
occurs within ~2 seconds of the previous one i3 therefore ignored.

The present method was put into effect by writing the Fortran program,
SKYMAP, which is listed in Appendix 1. The workings of the prograa are
glven in some detall below.

SKYMAP maps meteor radiant activity cbntours, normalized to a maximum
value of 18, onto a projection of the celestial sphere. The main
functions of the program have been aasigned to five different

’modules’:

MODULE A involves an interactive session with the operator. He chooses
the poaition and the size of the region of the celeatial sphers which
is to be mapped, and whether to weight the echoes or leave thea
unweighted. Values for several other parameters whose purpose is
explained below, are chosen. The operator specifies the days of the

" year for which meteor activity i3 to be monitored.

MODULE B reads echo data from O-files {aee Chapier 4) into an array.

Echo directions ecxeeding 78° in elevation are ignored, as are
’ambiguousa’ echoes {see Chapter 4). The echo direction of an enduring
echo which has produced several consecutive registrations, is taken as
that belonging to the first registration. For each selected echo, the
data array finally contains: the local sidereal time (LST) of
occurrence, the corresponding local standard time {SAST), altitude, and
azimuth,

MODULE C calculates the ’grand total detection probability’ G for sach
radiant in the chosen grid. It firat generates a two-dimensaional array
of M possible meteor radiants. The coarseness of this grid is chosen by
the operator. We label these possible radiants rad{l), radi2},
...rad(M) for the purpose of the present explanation. '

If the option of weighting the meteor echoes has been chosen, the



R (Skew-az,Skew-alt)

Transformation 2

trug zenith

Fig 6-2 (b)

R (Az,Alt)

p \\\J

Fig 6-2: {a) When the radiant at R isg regarded as the ’north
pole’ of a ’skew’ coordinate system, the echo arc appears to an
observer at O in the skew system as coincident with the .
’equator’, The division of the echo arc into 18 equal segments
is shown. Transformation 2 transforms each skew-coordinate pair
{Skew-az, Skew-alt) for points on the echo arc to normal
coordinates (Az, Alt) in a frame centred on 0O, with the true
zenith vertically above the observer. The effect of ths
coordinate transformation is shown in (b).



program implements equation (6.1) and then (6.2) for each of the M
possible radiants, otherwise G for each radiant is set equal to unity.
We shall refer to the implementation of these two squationz as ateps
(1) and {2), respectively. Their stepwise execution is involved:

Step (1): The day is divided into 24 one-hour time-windows, which we
label twi{l), twi{2), ...twi{24). The LST at the centre of each time-
window iz calculated; it is utilised by the first of two coordinate
transformations which follow.

Conaider now the procedure for twi{l): ’Transformation (1)’ transforms
the coordinates of rad{l) from the equatorial (RA,Dec) to the
horizontal system {Az,Alt). Transformation (1) 13 preliminary to
establishing the relative disposition of the echo arc to the antenna
beam, so that p, may be evaluated at points along the arc. A second
coordinate transformation must be applied before we know the (Az,Alt)
of points along the echo arc. First, rad{l) 1s treated as the north
pole of a ’skew’ horizontal coordinate system. This situation is
illustrated in Fig. 6-~2 {a). For an observer O at the origin of the
’skew’ system, rad{l) appears in the zenith and the echo arc as a half-
clrcle coincident with the horizon and spanning the range of Skew-
azimuths from & to 186°. All points on the arc have a Skew-altitude of
zero. Second, the echo arc is divided Into 18 egual szegments. The
central skew-coordinates of each 10° segment are known, and these are
then transformed back to the 'normal’ horizontal syatem by
'transformation {2)’, The effect of transformation (2) is illustrated
in Fig. 6-2 (bh). Equation {4.2) can now be used to calculate the value
of p, at the azimuth and altitude corresponding to each of the 18
pointa, and the detection probability p for each point 13 easily
obtained from equation {4.,13).

In our discussion of the detection probability i{Chapter 4} we have not
yet iaken into account the fact that an arbitrary meteor i3 more likely
to be detected if it is incident vertically than if it enters the
atmosphere obliguely. This is referred to as the ’cos X effect’ where X
is the radiant-zenith angular distance. To allow for this each value of
p should be multiplied by (cos X)=—2. Assunming that s ~2, a correction
factor of cosX has been adopted here,

We shall call the final value of the detection probability at the
centre of the 1 th segment of the echo line associated with rad(l),
during twl{l); pas 1 1. The general case is pn n 1, where the subscript m
denotes the radiant (1 £ m £ M), n the time-window (1 £ n £ 24) and |
the segment of the echo line (1 £ i ¢ 18)., Now we are in a position to
implement equation {6.1). The total detection probabllity over the echo
line for radil), during twil) is expressed as



-73-

18
s =Ip .. 06,42,
11 =1 111
The general expression for (6.4) is
18
Sm 0 z Pmon i ... (6.5).
i=1

where the subscripts have retained their meanings. S; ; is the final
result of step (1), for tw(l) and rad(1). The quantities S; ,, S, ,,
...34 1 are then calculated for the radiants rad(2), rad(3), ...rad(M),
during twil}.

In this manner a value of S, » is computed for each radiant, for each
of the 24 time-windows. The final result of Step (1) iz a M x 24
matrix:

St S22 813 oSy 24
Sp 1 S 3 ~eeSy 24
Syr o w2 Sy oSy 24

Step {2): The final atep In the weighting of echoesz involves
calculating G for each of rad{l) ...rad(M). This is done by
implementing equation {6.2) for each row of the above matrix:

24

G =z 8 Lol (6.6).
m mn
n=1

MODULE D performs a specularity check for each echo in the data array,
by comparing the scho direction with the positien of every radiant in
the grid in succession.

The (RA,Dec) of radi{l) are transformed to the (Az,Alt) corresponding to
the LST of the first echo in the data array, echof(l). If the angular
distance between the two is within x degrees of a right angle, Y,, the
number of registrations assoclated with rad(1), 13 incremented by 1 {we
refer to the final value of Y, as the strength or the weighting of
rad{1)). The ’specularity parameter’ x is chosen by the operator during
module A. The (RA,Dec) of rad{2) are then transformed to (Az,Alt) at
the LST of echo{l) and the test for orthogonality is carried out. If
rad(2) and echo(l) are orthogonal to within x degrees, Y, the strength
of rad(2), is incremented by 1. In this way echoll) i3 tested for
orthogonality against each of the M radiants, and the weightings Y,,

.»-¥y are incremented only when the specularity condition is satisfied.



D

_zenith

rad{j)

s

Fig 6-2 (c) ABC is the echo arc associated with radij), and
the dotted arc DEF is that assoclated with radi{k). The echo
at their intersection, E, could be due to a meteor froa
either radiant. Both ¥, and ¥ will be incremented as a
result of the echo at E.
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After every echo has been tested for specularity against every radiant,
the final number of echo registrations assocciated with the § th
radiant, Y,;, represents the number of echoes which it is possible to
associate with rad(j). An echo which is orthogonal to rad{j) need not
necessarily be due to a meteor which has emanated from rad{j}, but
could just as easily be due to rad{k) whose echo arc intersects that
assocliated with rad{J) {(zee Fig. 6-2 {(c)). Both Y; and Y, will be
incremented as a result of the echo at E in this diagram. Clearly then,
the present method does no more than exclude counting meteors which
cannot have emanated from a particular radiant. This ambiguity
represants unavoidable ’nolse’ that appears to be assoclated with any
single-station reduction of radiant structure.

The final result of Module D is, for each radiant, the numerator of
2quation (6.3): namely, the total number of echo registrations which it
is possible to associate with a radiant point on the grid, given the
constraints on specularity. We shall omit the summation signs preszent
in the numerator of {(6.3) and call these quantities Y;, Ya, ...¥m.

MODULE E: The estimator of N is calculated from (6.3), for each
radiant of the grid. If the ’'weighting’ cption has been selected, the
values of G, obtained from (6.6) are used. Otherwise, G, = 1, mn=1,M.
The estimator of N for each radiant is
Y
Nz = —_— s M= 1, M. ... (6.7}.

n G
n

The values of Np are fed into a contour plotting program.
Contour maps of fadiant activity are presented and discussed in the

following section.
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6-4 Results

In this section we present the results of our investigation into
possible radiant structure associated with each of the 22 meteor
showers discussed in Chapter 5. Generally, radiant activity was
monitored for the day of the observed shower maximum, although for thse
cases where no distinct maximum was evident from our own rate curves,
the dates cited by the Cambridge Encyclopedia of Astronomy {1977) were
used. We have included only those maps which positively suggest the
presence of shower radiant structure. All of the contour maps presented
in suhsections 6-4-1 and 6-4-2 were plotted without weighting the
echoes to correct for the beam anisoiropy. The effectis of the echo-
welghting procedure are presented and discussed in 6-4-3.

We shall refer to the region circumscribed by by the highest contour
{which corresponds to 987 of the maximum activity on a particular map)
a3 the ’shower radiant’. The positions of the various radiant centres
are given in equatorial coordinates to the nearest 8.5°. The expected
radiant coordinates for each of the 22 showers appear in Chapter 5. The
reader should note that our contour maps have been plotted with the
declination decreasing vertically upwards and the right ascension
increasing to the right, whereas in conventional astronomical maps the
reverae 13 true.

6-4-1 Major showers

Eta-Aquarids: May 7, 1987.

Fig. 6~3 shows that a near-circular radiant of diameter ~4° and centred
at (338°,-2%°), was observed. Surrounding the radiant is an area of
high activity, part of which extends as a short bar to the east of
north. The sporadic background shows considerable structure., A
correaponding map for 1986 could not be plotted because the echo

~directions were faulty.

Delta-Aguarids: July 27-28, 1986 and 1987.

Strong, slightly elliptical radiants were observed in boih years, and
are illustrated clearly by Figs. 6-4 and 6-5, respectively. Their
respective centres are at (337%°,-18°) and (337%°,-18%°). Both centres
are ~6° in length and ~4° across. The general area of strong shower
activity was elongated along an axis parallel to the north-south
meridian in 1986, but the axis of elongation was somewhat skew with
respect to the meridian in 1987. The slight rotation of the axis in
1987 is attributable to missing data from the west lobe of the bean,
which was lost for one of the days due to a power failure. The sense of
the rotation is compatable with a preponderance of echoes from the the
east beam, and is evidence that the observed elongation of the radiant
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in both years is a case of genuine astigmatism,

The strength of the shower radiant is indicated by the abaence of fine
structure in the surrounding sporadic background, and by the strength
of this radiant in relation to secondary activity maxima which may
represent ’noise’. Indeed, the strength of the southern radiant (shown
here) is such that any activity due to the Northern Delta-Aquarids ias
completely undetectable. The fact that absolute values of the flux
cannot be assigned to the contours i3 a weakness of the present method.
This point is raised again in subsection 6-4-4,

We hoped to witness the development of the shower radiant by mapping
the region of sky in its vicinity on sach of the 8 days prior to the
1987 maximum. The results of this are shown in Figs. 6-6 {(a) to {(h). No
active centre could be discernsd on July 19 {a), but by July 28 (b)
recognisable structure was in evidence near to the expected radiant

-position. By July 21 {c) the radiant had evidently grown in strengih

and diameter, but the centre of activity then became more diffuse, and
remained sc over July 22 (d) and July 23 (e}, A dual radiant was
present on July 23. On July 24 (f) the shower radiant was once again
strong and unmistakeable, consisting of a single active centre.

. Although this state of affairs prevailed over the final two days before

the overall maximum, the activity contours were more ordered on July 25
{g) and somewhat disarranged on July 26 (h). The maps (f), (g) and {h)
show a day-by-day drift of the radiant centre to the north-east, from
{334° ,-19°) to (337°,-17%%).

Orionids: October 21-22, 1986 and 1987.

The shower radiant was observed in both years, as shown in Figs. 6-7
and 6-8. The 1986 radiant was irregularly shaped, had the dimensions
~8% x ~4° , and was centred at {(93%°,16°). In the following year it was
a rough ellipse with semi- major and minor axes of ~ 4° and ~3?,
respectively, and centred at (94%%,16%), In both years the main active
region was elongated at an angle of ~45% to the north-south meridian.
The Orionid maps show considerable fine structure in the sporadic
meteor complex, in contrast to those of the stronger Delta-Aquarids.

Geminids: December 14, 1986 and 1987.

Figs. £-9 and 6-19 show up the strong Geminid radiant for both years.

The near-circular radiant {(diameter ~4° in both cases) was centred at

{113%?,38°) in 19856 and at (114°,39°) in 1987. Both maps show ’aspokes’
of intermediate activity (contour 3) radiating outwards. The observed

atrength of the radiant 13 remarkable in view of the fact that it

transits at an elevation of only 27°.



Figs. 6-3 to 6-19: meteor radiant activity in the vicinity
of the active centres of the four major showers. In each
case the echoes are unweighted.
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