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1. Introduction

The Perseid meteor shower is among the strongest and
best observed meteor showers currently visible on Earth.

Correspondence to: J. Rendtel

According to Hasegawa (1993), the Perseids may have
been chronicled for almost two millennia. A detailed his-
torical review of the stream has been given by Kronk
(1988).

Interest in the Perseids increased during the late 1970s
in anticipation of the return of 109P/Swift-Tuttle, which
was expected to reach perihelion ¢. 1980 (Marsden, 1973).
The comet, however, was not recovered within this time
period. In 1988 and 1989 a new peak located some 12h
before the regular Perseid maximum and of similar
strength to the regular maximum was detected (Rog-
gemans, 1989; Koschack and Roggemans, 1991). This
new peak represented early detection of new meteoroids
associated with the impending return of 109P/Swift—
Tuttle. The position of the new activity peak in these
years was very close to the nodal longitude of the comet
(Ao = 139°.44, J2000.0) which was recovered in Sep-
tember 1992 (Marsden et al., 1993; Yau et al., 1994).
Subsequently, stronger outbursts in activity were recorded
from the Perseids between 1991 and 1994. This outburst
component has been observed as late as 1996 (Rendtel
and Arlt, 1996).

Here we present results obtained from visual meteor
observations of the Perseids near its time of maximum for
the years 1988-1994. In total 14,552 count intervals were
used for this study. This represents data collected by 1115
observers from 38 countries who reported 243,227 Perseid
meteors during 14,237 h of effective observational time.

The method used to observe meteors and reduce these
data follows from the development of the visual tech-
niques summarized by Kresdkovd (1966). All data are
based on reports of individual observers, giving the num-
ber of meteors seen (Perseids, non-Perseids), the stellar
limiting magnitude LM, the effective observing time s
and the cloud cover as well as the geographic coordinates
of the observing site. The data are stored in the Visual
Meteor DataBase (VMDB) of the International Meteor
Organization (IMO). The analysing method actually
applied is shortly summarized by Brown and Rendtel
(1996) and outlined by Koschack and Hawkes (1995) and
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Koschack (1995). The complete reduction techniques for
visual observations have been developed and discussed by
Koschack and Rendtel (1988, 1990a, b).

First, the magnitude data are used to determine the
population index r as a function of solar longitude. The
population index gives the slope of the cumulative mag-
nitude function of the shower meteors. Since the prob-
abilities of perception become uncertain towards fainter
meteor magnitudes, we restrict the analysis to meteors
2mag brighter than the limiting magnitude LM (Kos-
chack, 1995). Using this profile of r, we calculated the
Zenithal Hourly Rate (ZHR ; i.e. the number of meteors
from a shower a standard observer would see under unob-
structed skies with the radiant point overhead and
LM = 6.5) from each observation interval. The ZHR is
defined as

Nr6.5~ LM

ZHR = ———.
Slnl’(Hrad)Teff

()

Here N is the number of shower meteors observed during
the effective observing time 7.; with the radiant altitude
being H,,q at the middle of the interval. We applied an
exponent y = 1, as discussed in Brown and Rendtel (1996).

The selection criteria applied to all data in this study
required that:

e The altitude of the Perseid radiant was greater than 20°
during the observation interval.

e The total correction factor (the value multiplying N in
equation (1)) was less than 5.

e The LM > 5.5, with the exception of Perseid returns
where the Moon was present.

The individual ZHRs are then averaged over time inter-
vals. Systematic deviations from the average by each
observer are used to determine a perception correction for
each observer (Koschack and Rendtel, 1990b). The ZHR
curve is then recalculated using these individual per-
ception coefficients. A final ZHR curve is computed based
on a sliding-average over short-time intervals whose mini-
mum size depends on the duration of the individual coun-
ting intervals.

With the profiles of » and the ZHR computed, the
spatial number density S in the stream can be determined
using the procedures described by Koschack and Rendtel
(1990a, b). The values for S are given in units of meteor-
oids per 10° km®.

For the profiles of S, the formal errors represent the
standard deviations of the set of observations where all
errors are taken to be uniformly random and the resulting
distributions are assumed to be Gaussian. Effects of sys-
tematic errors are more difficult to establish, but data
strongly affected in this way are detected through exam-
ination of secondary criteria (such as the sporadic rate)
and removed from further analysis.

The values of the number density S strongly depend on
the population index r. Hence features found in the ZHR
profile may appear amplified or attenuated in the cor-
responding profile of S for (local) high or low values of 7,
respectively. The r profiles are based on smaller samples
than the ZHR profiles, and the individual numerical
values for r depend on the probabilities of perception
which have been determined only for a few observers
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(Koschack and Rendtel, 1990a). We therefore refer to
local maxima obtained from the ZHR figures (Brown and
Rendtel, 1996).

2. Results of Perseid observations 19881994

The shape of the spatial number density profiles S shown
in Figs 1-7 are generally similar, though significant vari-
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Fig. 1. The spatial number density (Se s max) for the 1988 Perseid
return. The data are well distributed about both maxima. This
was the first year that the ““new” maximum was detected, in this
case at A, = 139°.78, about 6 h before the traditional peak which
took place at A, = 140°.08 (Roggemans, 1989). The old and new
maxima were of very similar activity, but there are insufficient
magnitude data to determine if the particle composition differed
between the peaks. The ascending branch of the early maximum
is well defined and shows a half-width-to-half-maximum
(HWHM) activity above the general profile of 1 h. The descend-
ing branch is not well defined, but the few data here suggest a
similar decline to a local minimum before activity again increases
to the normal maximum. The descending branch of the main
maximum is missing in these data and a higher maximum than
shown here is possible, though the data do cover the interval
during which the normal Perseid peak traditionally occurs and
where it is well covered in later data
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Fig. 2. The spatial number density (S¢.s ma,) for the 1989 Perseid
return, The profiles shown here are similar to 1988 for times
away from the maxima. The early maximum occurs at
Ao = 139°.56 while the normal maximum is at 1, = 139°.8. The
magnitude of the maxima are again similar. The ascending
branch of the early peak has a HWHM of 2 h and is well defined.
The descending branch from the early peak is not documented
in 1989 due to uneven observer coverage. The rising portion of
the main profile shows a clear peak followed by several closely
spaced points of decline, suggesting the maximum is better
located than in 1988. Several features are notable in the falling
portion of the main maxima, namely at 4., = 140°.1 and 140°.3
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Fig. 3. The spatial number density (Ses ma,) for the 1990 Perseid
return. Data are heavily contaminated by the Moon which was
full on August 6, 1990 and thus affected all observations during
the peak. There appears to be a first peak near 4, = 139°.6 and
a later peak occurring near i, = 140°.5 of comparable strength.
Neither peak is defined by more than one or two low-weight
data points. The low observed rates at peak are likely artifacts
of the lunar conditions. Additional error is apparent from the
shape of the sporadic activity curve which closely mimicks the
Perseid curve, suggestive of numerous Perseids being counted as
sporadic

NUMBER DENSITY S6.5

ations in the population index r, particularly after the
main maximum, does tend to broaden the main peak in
S. The spatial number density curves shown here are for
meteors with a limiting absolute magnitude of 6.5, or
equivalent limiting mass of 2x 107°g using the mass—
magnitude—velocity relation of Verniani (1973) for nor-
mally incident meteoroids.

For the outburst portions of the profile, fainter meteors
will tend to be under-represented as observers become
overloaded recording meteors. This saturation effect was
found by Koschack ez al. (1993) in a prior Perseid analysis.
Hence the values of .S shown here for the new peaks are
lower limits.

To determine if any structure is present in the outburst
component of the stream, the data for 1993 and 1994
near the locations of the outburst are analysed at higher
temporal resolutions. Small-scale variations in flux pro-
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Fig. 4. The spatial number density (S s max) for the 1991 Perseid
return. The early peak becomes dominant. The peak times for
the maxima are clearly resolved as A, = 139°.55 and 139°.94,
respectively. The ascending branch of the early peak has few
data, but the HWHM can be roughly estimated as 0.5h. The
descending portions have good coverage and reveal a HWHM
of only 1h. The normal peak shows good coverage in 1991
displaying a HWHM value of 12h for the descending branch,
the ascending branch value being uncertain due to con-
tamination from the earlier peak. There is also an apparent
difference in particle makeup since we find a local minimum for
r between the early and main maximum
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Fig. 5. The spatial number density (S¢.s max) for the 1992 Perseid
return. The lunar conditions were poor at the peak, with full
Moon occurring on August 13. Nevertheless, good data cover-
age enabled better determination of the time of peak and its
magnitude than in 1990. Information is obtainable about the
descending portion of the early peak which was approximately
1 h HWHM and occurred at 4, = 139°.48. The main maximum
appears at approximately 4, = 140°.13

files near the time of outbursts have been reported in the
past associated, e.g. with the Draconids (Lovell, 1954, p.
330) and a-Monocerotids (Rendtel er al., 1996). Here all
count intervals greater than 0.5h were rejected to obtain
a high resolution profile with steps as short as 0°.004 in
solar longitude in the immediate region near the outburst
peak. The results are shown in Fig. 8a and b where further
details are given. Note that 1993 Perseid data are more
plentiful than in 1994 by an order of magnitude.

The build up to maximum in 1993 is extremely well
defined and may be regarded as consisting of two main
components : a gradually increasing branch beginning at
/o = 139735 and continuing to Ay = 139°.49. In this
interval, the slope of the Spatial Number Density-Solar
Longitude curve is + 7.5 meteoroids per 0°.01 of solar
longitude brighter than +6.5 (hereafter (M,>6.5)
0°.017"). In the interval from 139°.49 to 139°.53 the slope
changes dramatically to +43 (M,>6.5) 0°.01 ", These
two sections suggest that the outburst component may
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Fig. 6. The spatial number density (S s ma.) for the 1993 Perseid
return. Best coverage of the shower’s activity of all years. The
profiles in the ascending branch of the early peak is the clearest of
any of the profiles, displayinga HWHM of 1.5 h. The descending
branch is not well delineated, but the data does suggest that the
HWHM for the ascending branch was almost twice as wide
as for the descending branch with the early peak occurring at
Ag = 139°.53. The main ZHR maximum was broad in extent,
occurring near i, = 139°.9. It is not prominent in the number
density profile because of a very low value of r = 1.84 at this
position. Vice versa, the maximum of S at 140°.5 may be only
caused by a single (high) value of » = 2.3 at this position
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Fig. 7. The spatial number density (Sg 5 mae) for the 1994 Perseid
return. Both, good observer coverage and excellent lunar con-
ditions converged. The ascending portion of the profile is well
established with the early maximum occurring at 1, = 139°.59
and displaying a HWHM of only 1 h. The magnitude data are
particularly well defined in 1994 and show a decrease in r after
the early peak. A strong asymmetry is present in the population
index before and during maximum as compared to after both
peaks, when its value gets much larger. The main peak occurs
near i, = 139°.9, but is difficult to locate precisely due to its
broad outline. There is another clear feature in the descending
portion of the profile near 4., = 140°.3 as well as at 1, = 140°.5
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Fig. 8. The spatial number density (S s max) for the 1993 Perseid
return at higher temporal resolution (a). In total 1260 individual
count intervals were available that were shorter than 0.3h in
length during the central interval and 0.6 h duration in the outer
intervals. Between 4., = 139°.30 and 139°.50 the sampling inter-
val was 0°.02 in length and shifted by 0°.01. From 139°.50 to
139°.56 the sampling interval was 0°.008 in length and was
shifted by 0°.004. From 139°.56 to 139°.70 the sampling interval
was 0°.02 in length, shifted by 0°.01. The ZHR and spatial
number density (Sss max) for the 1994 Perseid return at higher
temporal resolution (b). In total 124 individual count intervals
were available that were shorter than 0.3 h in length during the
central interval and 0.5 h duration in the outer intervals. Between
Ao =139°.30 and 139°.50 the sampling interval was 0°.02 in
length and shifted by 0°.01. From 139°.50 to 139°.62 the sam-
pling interval was 0°.008 in length and was shifted by 0°.004.
From 139°.62 to 139°.70 the sampling interval was 0°.02 in
length, shifted by 0°.01

J. Rendtel and P. Brown: Perseid meteor shower 1988—1994

itself consist of several sub-components of differing ages,
the steep increase being associated with the most recent
gjecta and the broader increase just before it due to
material diffused somewhat from slightly older passages
of 109P/Swift-Tuttle. Since the nodal longitude of the
comet has been gradually increasing over time, one
expects the oldest ejecta to be preferentially before the
current nodal longitude of the comet.

The profiles in both the ascending and descending por-
tions of the outburst in 1993 are remarkably smooth.
Hints of slight step-like increases of the ZHR near 139°.45
and 139°.39 are present. Due to the larger error bars
introduced by the r profile, this variation is masked in the
profile of S shown in Fig. 8a. Similar structure is also
visible in the 1994 profiles near 139°.43 and 139°.51. The
first of these are in an almost identical location in 1993
and 1994 which is extremely close to the current nodal
longitude of 109P/Swift-Tuttle. The latter fluctuation in
1994 corresponds closely to the location of maximum in
1993 and suggests that many of the meteoroids associated
with the outburst maxima have a small spread in semi-
major axis amounting to only a few tenths of an AU or
are perturbed into Earth-intersecting orbits effectively for
intervals of the order of a year.

In 1994, the outburst profile has fewer data and is less
well defined. The build-up to the outburst peak is much
slower than in 1993 showing a plateau in activity with a
“jump” in activity near 139°.51. The slope of the steeper
rising ascending section of the outburst from 139°.57 to
139°.59 is +50 (M,>6.5) 0°.017"; very similar to the
slope found in 1993,

3. Discussion

The Perseid stream as described from the visual obser-
vations presented here can be broadly delineated into
three major components:

e a broad plateau displaying weak activity (background
Perseids) ;

e a more concentrated component centred about the tra-
ditional Perseid peak (core Perseids); and

e a strongly time-varying component of short duration
which appears in all profiles shortly after the nodal
longitude of the parent comet (outburst Perseids).

In order to see the first two components which have only
modest variations from year to year, we have synthesized a
mean Perseid profile from all available visual observations
1988-1994, excluding intervals which obviously contain
the outburst component (Fig. 9). Since the outburst com-
ponent occurred at varying positions (Table 2), we also
got some non-outburst data for the period Ao = 139°.3-
139°.8. Nevertheless, a portion of the outburst component
may have been included in the sample.

The background component is long-lived and shows
weak activity extending from late July (=~ 115°) until the
end of August (~x150°). This portion of the Perseid stream
shows a very gradual increase in activity until ~ 138° when
the activity profile steepens as the core portion of the
stream is encountered. The core component rises to a peak
whose long-term position is A = 139°.96+0°.05. The
steepest section of the peak associated with the core Per-



J. Rendtel and P. Brown: Perseid meteor shower 1988—1994

100 T
i
] o
g 80 B o : .
o o @ H H
) s
g 60 oz i i
3 ° o :
g # “a
=] k-3
] 40 i ¢
1 L
; o ® H
& ®
E 20 i : - S .... . -
8 ® .
P ®
0 ! t i i I
136.0 138.0 140.0 1420 144.0
2.8 T T
26 L
2 24
P 22 | % T
g } ; 5 EI
3 b1
5 2.0 ¥ Dy o ]
2 ;
g 53
18 i
1.6 1 L
136.0 138.0 140.0 1420 1440
120
100 T
)
0
%] % T
80 |
>
k L
z
60 R S
a ‘ 1
g . !
= 40 SO 0% SRR N
s bl }
2 3 ¢
o fg b 3
L

136.0 138.0

X 140.0 142.0 144.0
SOLAR LONGITUDE (2000.0)

Fig. 9. The ZHR, r and spatial number density (S 5 m,) for the
mean Perseid activity in the period 1988-1994 for the full dur-
ation of significant activity for the shower

seids is very symmetrical, the ascending portion having
a HWHM of 1°.06 +0°.07 compared to the descending
HWHM of 1°.04+0°.07. The slight asymmetry in the
overall shape of the ZHR curve is most evident at the 1/4-
width points, located 2°.58 + 0°.07 before maximum and
2°.35+0°.07 after maximum. From these results, the Per-
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seid shower is above the sporadic background from ~ 136°
to 1437,

The average Perseid profile is a superposition of two
components and is asymmetrical as shown by Ahnert-
Rohlfs (1952), Lindblad (1986), Mason and Sharp (1981),
Zvolankova (1984) from visual data and Simek and McIn-
tosh (1986), Lindblad and Simek (1986) and Simek (1987)
from radar data.

Harris et al. (1995) have modelled the overall activity
of the stream through decay of 109P/Swift-Tuttle over a
160,000 year time period. Their model reproduces the
asymmetry in the core portion of the stream and also
predicts several strong secondary maxima before the main
peak, most notably one lasting several days at Ag = 125°
Such secondary maxima are not present in the mean pro-
file presented here. One explanation for this is that the
role of planetary perturbations on stream meteoroids is
significant over very long timescales, even for high incli-
nation streams such as the Perseids, the Harris model
having ignored such perturbations.

Little structure is evident in the mean ZHR with the
possible exception of a maximum near A, = 140°.9 and a
slight maximum at 4, = 139°.5, the latter undoubtedly
related to the outburst component of the stream which
has not been entirely rejected from these data. This may
also be a reason for the variations in the profile of 7. In
addition to these local features, a broad plateau of flux is
clearly visible in the spatial number density profile
immediately following the main maximum. This is a
consequence of the increase in r after the main maximum.

The lack of strong sub-maxima is an expected result, as
the smoothing procedures tend to smear-out variations in
activity, such sub-maxima being visible primarily in the
yearly profiles. Stable sub-maxima in long-term profiles
have been noted previously, particularly in radar data on
the stream. Table 1 summarizes the reported locations of
past sub-maxima detailed in the literature as well as the
main maximum.

The most convincing candidates for sub-maxima in
these years are located in the region A, = 140°.2-140°.3.
That sub-maxima are present in some years appears prob-
able given the high statistical weight of the visual reports
in the present study, but stability of such structures over
many years is still questionable based on our results. Such
structures may be linked with mean motion resonances
operating in the Perseid stream as has been suggested by

Table 1. Locations of the main maximum and reported sub-maxima from recent radar and visual data. Ap 15 the
position of the main maximum and Aosus the position of any additional sub-maxima. Possible sub-maxima of the
ZHR from this work are also given; those values which are less certain are shown in parentheses

Year(s) Ao Aosub Source

1980 139°.92 +0°.04 Mason and Sharp (1981)
1958-1962, 1972, 1980-1985  139°.89+0°.035 139°.0, 139°.5, 140°.5, 142°.0 Simek (1987)

1958~1964 139°.9140°.026 140°.5 Simek and MclIntosh (1986)
1953-1978 139°.90+0°.035 140°.46 Lindblad and Simek (1986)
1953-1981 140°.11 140°.45 Lindblad (1986)

1964-1981 139°.74+0°.2 Andreev et al. (1987)

1989 139°.80+0°.09 140°.1, 140°.3, (140°.9) This work

1991 139°.94+0°.04 (140°.34), 140°.9 This work

1993 139°.91+0°.04 140°.2, (140°.5) This work

1994 139°.84+0°.04 140°.3, (140°.5) This work
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Table 2. The locations and magnitude of the Perseid maxima from 1988 to 1994. i, is the position of the first (new) maximum
and Ay, the position of the second (normal) maximum. Both locations refer to the ZHR maxima. The spatial number densities
associated with the first peak (Sg s oupurs) and the second maximum (S s ., are also given in units of meteoroids brighter than

abolute magnitude + 6.5 per 10°km’®

Year A’OI ZHRoulburst S().S outburst )~OZ ZHFmax S().S max
1988 139°.78 +£0°.03 86+4 97+ 16 140°.08 +0°.04 106+22 94+14
1989 139°.56+0°.03 102410 127423 139°.80+07.09 94+6 120420
1990 139°.55+£0°.05 75+ 10 45435 140°.54 +0°.2 81461 66+5
1991 139°.55+£0°.03 284463 494+ 150 139°.94+0°.04 9742 124+20
1992 139°.48 +0°.02 220122 257460 140°.1340°.2 84+34 96+ 15
1993 139°.53+0°.01 264+ 17 242462 139°.91+0°.04 86+2 79 +44
1994 139°.59+0°.01 238+ 17 151+28 139°.84+0°.04 86+2 69+12
1988-1994 — — — 139°.96 +0°.05 86+1 9% +16

Wu and Williams (1995). Local maxima may simply be
manifestations of groups of meteoroids with common
ejection origin sharing similar values of nodal longitude
and semi-major axis and thus being more numerous in
one year as compared to others. This sharp variation in
the flux would be a direct result of a sharp peak in the
distribution of semi-major axes within such a meteoroid
sub-population. Such groups may be a source for vari-
ations in the population index r during annual returns. A
superposition of unevenly distributed data from the seven
returns may keep some local features appearing in one or
another r-profile.

In contrast, the main maximum shows a generally stable
peak flux. Indeed, the peak spatial number densities from
1988 to 1994 associated with the main maximum vary
from the average value S s .., of 96 & 16 by less than 30%.
This result is in contradiction to past visual results which
suggest large variations in Sg 5 ;... Zvolankova (1984) and
Lindblad (1986) report variations of more than a factor
of two in peak rates from visual observations made
between the years 1944-1953 and 1953-1981, respectively.
We suggest that these apparent variations are the result of
biased sampling in these past visual observations resulting
from uneven observer coverage.

The changes in S, 5 associated with both maxima are
given in Table 2. The average value for Sgsp., of
96+16x10° and 11+2x 10°km?® for S, 5., is in close
agreement with the results of Kaiser et al. (1966) and
Andreev ez al. (1987) who, from radar observations, derive
an average Sgsmax Of 1.3+0.2x10°x10°km® and an
Sssmax Of 14 x 10°km’, respectively. Both radar obser-
vations were made at low frequency and thus should be
relatively free of initial-train radius effects.

There are variations in the profiles of the population
index of the stream (Fig. 9). There is an obvious asym-
metry in particle makeup in the day leading to the main
maximum when r is consistently low as compared to after
the main maximum when r shows a significant increase.
The average value of r for the remainder of the profile,
both before and after the maxima, is remarkably constant
near 2.1 with a general decrease from the beginning to
As =139°.35 and a similar increase after i, = 140°.10
(Table 3). Two pronounced maxima in r are also evident
near the time of the activity maxima. The first maxima in
r occurs at Ao = 139°.56+0°.07 and the second at
Ao = 139°.88 +£0°.06. The number of Perseid meteor mag-
nitude estimates listed in Table 3 indicate that these fea-

tures are statistically significant. These locations are
potentially linked to the different evolutionary com-
ponents of the stream. The first is probably related to the
outburst component which is still present despite removal
of the central portions of the outburst activity in each
year. The young meteoroidal material associated with the
latest return of 109P/Swift-Tuttle is enriched in smaller
meteoroids as would be expected for recent ejecta. The
main maximum is also enriched in fainter meteors indi-
cating the presence of relatively young material.

A single local minimum in the population of small

Table 3. The population index, r, and the amount of data each
r-value is based upon for the average profile 1988-1994 for the
period Ag = 128°-144° (corresponding to July 31-August 18).
The solar longitude is the mid-point of the interval over which
averaging occurred

Number of Number of

Ao r observers Perseids
128°.912 2.143+0.051 5 230
129°.401 2.120+0.037 9 383
130°.222 2.078 +0.076 7 270
131°.749 2.003+0.037 12 454
132°.497 2.060+0.035 25 1029
133°.454 2.051+40.041 38 1858
134°.422 2.056 +0.037 43 2150
135°.451 2.1414+0.032 55 2859
136°.494 2.058 +0.026 76 3819
137°.420 2.058+0.022 108 5963
138°.715 1.9684+0.016 239 15,932
139°.045 1.930+0.018 172 11,931
139°.354 1.886+0.022 101 10,257
139°.362 1.9134+0.021 118 11,369
139°.508 2.05440.032 43 2806
139°.752 2.049+0.039 27 1870
139°.752 1.900+0.068 13 1140
139°.828 1.99240.032 70 9001
139°.878 2.099+0.027 83 11,641
140°.011 2.055+0.034 61 5664
140°.107 1.8734+0.031 76 5389
140°.224 1.987+0.024 117 9660
140°.307 2.022+0.022 162 15,257
140°.370 2.049+0.029 96 9638
140°.844 2.097+0.015 210 18,282
141°.021 2.104+0.013 252 21,191
142°.193 2.122+40.026 64 4004
143°.083 2.156 +0.046 24 1035
143°.834 2.1874+0.074 6 192
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meteoroids just before maximum has been previously
noted by Mason and Sharp (1981). Andreev et al. (1987)
found a local maximum in the proportion of small meteor-
oids at the time of maximum from radar data. It seems
probable that the different ages of the outburst and core
components of the stream are manifest not only in higher
flux but also in differences in the meteoroids population
relative to the background population and that recent
ejections of fresh meteoroids have significantly different
r-values as shown by these visual data.

The outburst component of the stream has only been
recognized in visual observations over the last few years
(cf. Roggemans, 1989), though Lindblad and Porub¢an
(1994) have shown that photographic Perseid activity dat-
ing back as far as the 1950s had an earlier peak near the
present nodal longitude for 109P/Swift-Tuttle. Simek and
Pecina (1996) also detected the presence of the outburst
peak as early as 1986 in Ondfejov radar data and suggest
that the sub-maxima reported at i, = 139°.5 by Simek
(1987) in earlier radar data may also be a detection of the
outburst component of the stream. This component has
been widely associated with the return of 109P/Swift—
Tuttle to perihelion in 1992 and is generally regarded as
consisting of material only one or at most a few rev-
olutions old (Wu and Williams, 1993 ; Williams and Wu,
1994 ; Jones and Brown, 1996).

The position of the outbursts given in Table 2 shows a
drift from A5 = 139°.78 in 1988 to 139°.48 in 1992. This
is the closest approach to the node of the parent comet
109P/Swift-Tuttle. The next peaks shift away from this
position and occur later. This trend has continued through
to at least 1996 (Rendtel and Arlt, 1996). The relative
magnitude of the peaks are shown in Fig. 10a where the
number densities at the outburst peak are given relative
to Sss max- Here a clear demarcation occurs, with activity
being weak before 1991 and strong thereafter. This sudden
change in the outburst component, rather than a gradual
increase in flux as predicted by model calculations pre-
suming all new activity to result from 1862 ejecta (Wil-
liams and Wu, 1994) suggests that meteoroids enco-
untered before 1991 may have a different origin. On the
basis of model calculations, Jones and Brown (1996)
ascribe the material from 1988 to 1990 as being almost
exclusively from the 1737 and 1610 passages of
109P/Swift—Tuttle, with meteoroids from the 1862 pass-
age being first encountered in significant quantities in
1991.

The location of the visual maxima in these years is very
similar to that reported from overdense radar obser-
vations. Watanabe et a/. (1992) analysed the 1991 Perseid
return with the Kyoto MU-radar and determined the time
of peak for the outburst component to be i, = 139°.6, in
good agreement with the visual results. They also found
that the outburst peak flux was 3.4 1 0.8 times that of the
main maximum. This result was valid for meteors in the
magnitude range 0> M, > + 3 which is very similar to the
ratio of spatial number densities we found between the
outburst peak and the core maximum in 1991 of 3.2 in the
same magnitude range (Fig. 10a). For comparison, Simek
and Pecina (1996) used the Ondiejov radar and found the
maximum to be located at A, = 139°.58+0°.04 in the
interval 1986-1994.

The particle composition of the outburst component of
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Fig. 10. The relative magnitude of the peak number density for
the outburst component of the Perseids, S5 oupurs> 10 URNits of
Se.s max fOr the given year (a). The change in relative particle
composition between the outburst peak and main peak during
19881994 as denoted by the ratio of their respective population
Indices #oupurst/Fmax (D). Data from 1990 has been omitted due to
severe moonlight disturbance. The positions of the main peak
have been taken from the ZHR values because of possible uncer-
tainties in the profiles of the population index r and hence also
in the number density S

the stream is shown in Fig. 10b relative to the main peak,
where the ratio of the respective population indices have
been plotted. Interestingly, the proportion of bright met-
eors during the outbursts is not substantially different
from the main peak and thus the mass distribution of the
outburst in all years, as measured by r, is not different
from the population associated with the core component
of the stream in contradiction to the conclusions of Wat-
anabe et al. (1992). This result is consistent with the earlier
observation of a maximum in the r-values near the time
of both maxima.

4. Conclusions

The seven year study of the Perseid stream presented here
makes it clear that visual meteor observations provide a
useful diagnostic of stream activity. The correspondence
between radar data and the visual data show the utility of
both and the complementary nature of these two obser-
vational forms in meteor astronomy. The general validity
of the reduction methods presented here for visual obser-
vations has been verified through early detection in 1988
of new material associated with the impending return of
109P/Swift-Tuttle (Roggemans, 1989). This is the first
time that visual data has successfully ““‘detected” the return
of a comet through subtle variations in shower activity
profiles before the comet was actually recovered.

From the flux data and particle population presented
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here for the Perseid stream, several outstanding features
of the stream must be explained by any successful Perseid
model.

1. The asymmetry in the background Perseids and the
symmetry in the core population as defined by the
locations of the 1/4-width (2°.58+0°.07 before
maximum and 2°.35+4+0°.07 after maximum) and the
1/2-width  (1°.06 £0°.07 before maximum and
1°.0440°.07 after maximum) positions.

2. The location and magnitude of the outburst maxima
for each year given in Table 2.

3. The location and magnitude of the mean activity
maximum associated with the core population at
Ao =139°96+0°.05 and with S5 =96+16x
10°km 3.

4. The change in particle composition across the stream,
particularly in the region near the maxima in r at
Ag = 139°5540°.07 (uncertain, see Section 3) and
re = 139°.88 +0°.06.

5. The apparent similarity between the meteoroid popu-

lations associated with the outburst and core popu-

lation.

The broad shoulder in flux after the core maximum.

The differing slopes in the branches of the outburst

profile and the asymmetry in these profiles.

8. The origins of the background, outburst and core
populations.

e

Other characteristics which are not conclusively discerned
in these data, such as the possible presence of a sub-
maximum near Ao = 140°.2-140°.3 or at A, = 140°.5 and
the existence of ephemeral sub-maxima at various
locations after the core maximum in different years, need
further observational confirmation applying visual,
photographic and video data from several locations.

In conclusion, the Perseid meteoroid stream is highly
dynamic and rich in structure. The complexities of the
Perseids can only be understood in the context of a com-
plete numerical model of the stream and must explain
features detected through observations such as those
found here.
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