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This photograph taken with the U.K. Schmidt Telescope in Australia shows an  apparent collision between a fireball and 
the galaxy NGC 253. Only about one-ninth part of the fireball path, observed September 8, 1991, is shown in this view. 
This photograph is courtesy Dr. David Malin, and @ the Anglo-Australian Telescope Bpard (1991). 
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Marc Gyssens 

Once more, your are readirLg a thick issue of your magazine. This is of course a good sign, because at means that 
many  contributions are coming in and, hence, that IMQ is living! A s  the Letter Section proves, we g o t  several 
reactions on i tems published in the February issue, or earlier. I n  particular, we received a reaction from Paul 
Roggemans on last year's November 5 meteor display seen in Hawaii in which he gives good arguments f o r  a 
possible association with the Bfelid Complex. 
I n  the spirit of my cal l  in the last issue, I nevertheless still find that the Letter Section is under-used. Since 
opportunities t o  meet each other an person within IMQ remain limited, opinions-more in particular, scientific 
opinions-simply need to be exchanged in  writing. 
This  issue also contains an article about the program Radiant designed within IMO b y  Rainer Arlt  to determine 
radiants f rom collections o f  meteor trails, especially trails obtained f rom visual observations. While these words 
are being wriiten, the program is appl ied  to the data of the Aquarid Project, on which we will report in full most 
probably in the next issue. The efforts that have been spent in developing this soptware show again that IMO's 
interests are not iimited t o  the major showers as is often suggested. Regarding this matter, I cannot but repeat 
what many  IMO oficers including myself have said already so opten: i f  you want your Organization t o  analyze 
these minor showers, then provide us with us with lots of observations of the highest possible quality! 
Finally, I wish to thank Dr. Duncan Steel and his colleagues a t  the Anglo-Australian Observatory f o r  providing 
us with the spectacular photograph on the front cover on which you can read more in this issue's Fireballs-and- 
Meteoriles Section. 
Happy reading and happy observing! 

N 

r display ouerlfawaii  on November 5, 1991, was reported. 

If you take a look a t  my graph in W G N  20:1, p.  52, showing the Leonid activity of 1991, you will find a significant 
increase in bright radio meteor signals on November 5 .  I have checked hour-per-hour distributions of all signals 
and of the brightest signals around this date. This work pointed out that  a meteor radiant may have passed 
the southerr, meridian between Oh30m and lh30m UT.  1 think the Taurids are very probably responsible for the 
observed activity. An investigation of the bright reflections suggests, however, that  another meteor radiant may 
have passed the southern meridian between 21h30" and 22h30m U T  (or between gh30rn and 10h30m UT). A 
radiant somewhere in the vicinity of the Pegasus Square would pass the southern meridian around 21h40m UT. 

GotJred Mgbjerg Kristensen, February 28, 1992 
Comment  b y  the editor: I d o  not want l o  elaborate on whether or not the increased radio activity reported b y  
Gotfred Kristensen i s  related to the November 5 outbursf. I j u s f  want t o  point out that both the Hawaiian d a t a  
and the absence o f  visual activity ouer Europe indicate that the maximum of the outburst must have occurred 
during European daytime-hours. 

s he also recorded higher aciivity on that d a t e  by  radio. 

Several ideas were proposed regarding the origin of this sudden outburst. Paul Roggemans thinks a fragment of  
the disintegrated comet P/Biela is the most l ike ly  explanation. 
Reading the article on the 1991 November 5 meteor activity in the last issue of W G N ,  I was a little bit surprised to 
read that  the authors considered a possible identification of the radiant with the Taurid Complex or P/Hartley 2,  
as this seems impossible to  me. Personally, I would allow for the possibility that we are just dealing with a new, 
thus far unknown meteor stream. Unfortunately, no experienced visual observer was lucky enough to witness 
part  of the display; for instance in Australia, Jeff Wood did not notice anything of the Hawaiian activity [l]. 
I can, however, go along with Dr. Watanabe's suggestion that the old and forgotten Bielid stream might be the 
source of last November's display, despite the discordances in radiant position and date of maximum. 
Before I give my arguments, let me first recall the history of the Bielids. 
When the comet returned in 1845, Herrick and Bradley (Yale) saw a small companion beside the main comet. 
A few months later, several cometary fragments were seen around the nucleus. At the next return in 1852, only 
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i,iz.ct r:ofiiponenLs were still noticed. The others either fell to pieces or were even more separated from the main 
ci lmet)  and continued. to exlsi unnoticed as asteroid-like objects. Nothing was seen any more with certainty after 
1.852, although there were unconfirmed “rediscoveries” of a few fragment,s of Eliela a t  later returns. One thing 
I;n’izre\-er is sure beyond any doubt: P/Biela was destroyed by dramatic, violent, non-gravitational forces, leaving 

After 1852, al! the fragments were lost out of sight but some may have survived as “orphans” on an orbit of 
their OWI?,  undergoing slightly different perturbations than the main dust cloud. These fragments may have 
disintegrated further in the course of time and developed meteor streams off-set from the known stream. The 
catastrophic brealr.-up of P/Uiela and the subsequent unknown distribution of its mass is likely to have formed a 
sca.ttered cornplex meteor stream, of which sooner or later members may start to encounter the Earth’s orbit. 
T h e  1991 November 5 displa,.y, radiating from c1 = G o ,  6 = +17*, a t  first sight looks quite different from the 
lost sh-eavri of 13iel.a that  gave its best display in 1872 on Novem-ber 27.8, from a radiant a t  ct = 27O, 6 = +44’. 
Niowejver, the Bielid meteor stream shows a very important nodal regression and also its inclination decreases. 
The  following table is extracted from [2,3,4]. 

rid a n  enoriaoirs imss of dust and fragments. 

Ta.ble I ~- E1istoriea.l data  on the Bielids or Andrornedids. 

Date 

Dec 6.7-9 

Bec a 
Nov 30 
Kov 27.8 
w(,v 27,a 
Nov 24.2 
Nov 24 
Ncv 21.8 
N O Y  h6. i  

Nsv 14 

Ncv 6 
-_l_n____^_- 

n a 

1 9 O  
23‘ 

31° 
17O 
27O 
2 1 O  
2 5 . O  

26’ 

26O 

24c 

6 

1 5 8 0  
+48O 

+43O 
+48O 
$440 
+44O 
+4o0 

+44O 

1 2 5 0  

+21O 

i 

17P1 

1 3 O  

7P5 

6?3  

Comments 

No shower observed 
Confused dating: 
various nights with high activity 
42 metseors in 30 minutes 
( M y  B few meteors 
Strong meteor storm seen in Europe 
Strong meteor storm in Europe and USA 
80-100 meteors per hour in the USA 
90 meteors per hour 
24 meteors per hour in strong moonlight 
30 meteors per hour in the USA; 
outburst of faint meteors 
photographic da ta  

Ezdrapiated data 

--- 

S\’hen no orbit 1s known, a stream must be identified with the data on its activity, radiant position and velocity. 
‘The I3:elids or Andromedids are known to have appeared as real storms in 1872 and 1885, in both cases on 
1:ci-iairiber 27-28, about 22 days later as the 1991 stream (In 1798, the Andromedid maximum was expected on 
3 1, ( C i r r l i e i  7 

‘i lie Hielid orbit suffers from severe planetary perturbations iesulting in a strong nodal regression. The pertur- 
:OILS do r ~ u t  cause gradual changes but rathei a sequence of quite abrupt changes. A rough estimate of AR 

i c  0: 18 ,JI 0002 ior the period 3772-1953 This agrees well with the shift 111 the date of maximum; taking 1872 
as ii reft~crice, tlie assumed nodal regression would place the maxmiuni in 1892 on November 24.2, in 1904 on 
~ T ~ n + ~ i ~  be; 22 0 ,  iii 1940 on Noveniber 15.6, in 1953 on November 13.2. and in 1991 on November 6.4, which is 
V Y  rxj rlose to t h e  observed date of maximum in 1991 If ASE is assumed to be -0019 degrees, we would find 
Nove~trber 5.4, or exactly the ohserved date! Small differences are normal since linear extrapolation is definitely 
rroi precrse, but within ii period of 100 years it may still be appropriate 

ant position may seem problematic, but also here we see that 6 decreases over the years, mainly due 
.creasing mlrriation Extrapolating this trend to 1991 a declination of $21’ would be possible. No 
I( d r a a g e ~  1x1 CJ are noticeable in the C Q U ~ S ~  of the last two centuries 

rip alifference of 17‘’ between the extrapolated radiant position a d  the position mentioned for the November 5 
15 riot a ~ r a ?  problrtn, a$ P/Biela probably formed a complex of filaments that  all follow a same general 

a1 eto!ution, bnt with orbits that  need not be completely the same. As a matter in fact, the spread 
-.wtq already large from the very first appearance, and in 1872, the radiant area was remarkably 

a diarrieter of over 20’1 It should aiso be remembered that in the  past, the Bielid structure already 
l ~ l  pwple t o  suppose thdt the Bielids were composed out of two [5] or more streams [6] Such streamlets may 
sr&iit i o  encounter the Earth orbit a t  some point in time giving rise to a “new’ stream, that  will not necessarily 

1 iiuinediacely as belonging to the Bielid family In view of all this, the radiant positions match very 
a:i& better than wi th  any other sheam radiant active around the same time 
&be to cansrde~ the  velocity, which unfortunately lras not been measured. The telescope operator 

K i t h  1.25 to 1.5 times the angular velocity of a fast satellite Fast satellites are still as slow as the 
slcr;ve3r ~ ~ t e o r s  visible (14 km/s),  1.25 or 1.5 times this amount yields 13 to 2 2  km/s,  also very well in agreement 
Y rth chr 20 k m j s  of the h e l i d  meteor stream 
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Given the nature of the Bielid meteor stream, the agreement in date, radiant position and velocity, it thus looks 
quite reasonable to associate the unexpected appearance of November 5, 1991, with the Bielid family. 
Anyway, the November 5 display must definitely have been extremely faint since Japanese “71 and Australian [I] 
observers did not not.ice it.  The extremely thin, transparent sky of the Hawaiian observatory must have favored 
the visibility a lot. This illustrates once more how easily a spectacular meteor display can be missed! 
[1] 
[a] 
[3] 
[4] 

[5] 

[6] 

[7] 

Wood J.,  personal communications, 1992. 
Roggemans P. (ed.), “Handbook for Visual Meteor Observations”, Sky Publishing Corporation, 1989. 
Kronk G. ,  “Meteor Showers: A Descriptive Catalogue”, Enslow Publishers, Hillside, N.J . ,  1988. 
Hawkins G.S., Southworth R.B.,  Stienon F., “Recovery of the Andromedids”, Astron. J. 64, 1959, pp. 183- 
186. 
Prentice J.P.M., “Note on the return of a meteor stream connected with Bieia’s comet”, Journal of the 

Cook A.F., Eindblad B.A., Marsden B.G., McCrosky R.E., Posen A.,  Smithson. Contrib. Astrophys. 15, 

Tomioka H., personal communications, 1991 reports from the Nippon Meteor Society. 

BAA 51, 1941, pp. 92-95. 

1973, pp. 1-5. 

Paul Roggemans, March 17, 1992 

lI over Czechoslovakia 
bruary 1992, p .  27, a daylight fireball over Czechoslovakia on September 22, 1991, 16h48m 

UT,  was reported. Cotfred M@bjerg Kristensen writes us  ihat he actually registered this fireball with his radio 
equip m e n i . 
When I checked my yen recorder paper for meteor signals, I sometimes think: “One day you will catch a big 
fireball or meteorite on ids way through the atmosphere over enmark, which will also have been observed by 
many people.” 
I have not experienced this yet, but for the second time, I have registered a radio signal from a bright fireball over 
Central Europe, described in WGiQ (the first one was the Earth-grazing fireball of October 1990 in Czechoslovakia- 
Polandj. The second one is the fireball mentioned in the article referred to here. I have noted the following data 
in my radio meteor diary: 

Signal: 16h48r*51S f 10’ U T  
Duration: 22 s 
Power: 2.0. 

Signal: 1Gh48”44’ 2~ 10‘ UT 
Duration: 25 s 
Power: 2.2. 

Verification of the pen-recorder paper yielded: 

Interesting to note is the stronger oscillation in the background signal which began a t  16h47m49s i 10’ U T  and 
lasted for 80 seconds. I t  had a power of 0.3. I a m  quite sure that this signal was caused by the daylight fireball. 

Gotired Mgfbjerg Kris-lensen, February 28, 1992 

earance of P/ Swift- Tuttle 
s October issue (WGAT 19:5, p p .  181--184) we mentioned Dr. Marsden’s hypoihesis that  the Perseids’ 

parent comet P/Swif-l-Tu;r?ldtle might be identical t o  comet Kegler, yielding a return in 1992, Recently, we received 
O U T  Crimean observer Andrey Grishchenyuk ezpressing scepticism towards Marsden’s ideas .  
erseid activity was grandiose! We know that observers in Japan arid Siberia (Krasnoyarsk) registered 

peaks with ZHRs exceeding 300. A similar phenomenon was observed in 1980 by European observers. This leads 
us to the problem of the parent comet of the Perseid Meteor Stream. The cornet was found neither in 1980 nor 
in 1981 and i t  is therefore often assumed that the comet will pass later, the more so since B. Marsden identified 
Comets 1862 111 and 1737 111. He needed to assume though that the period of the comet increases with time. 
Regarding this idea, 1 want to make the following observations: 

1. Comet 1862 IT1 was very bright, and intense activity was observed: qualitative changes in the nucleus, 
rejected parts and strong magnitude variations [l]. Therefore, perhaps, the comet then rejected so much 
material that  it  passed barely active and therefore unnoticed severa! years ago. 

2.  By studying Chinese and Japanese chronicles, Denning discovered a possible period of 11.72 years in the 
Perseid shower. I-Ie showed that the maxima of the periodic activity had to occur in 1932.88, 1944.60, 
1956.32, 1968.04 [a], and later in 1980.82 and 1992.52. We do not know about high activity in 1932, but 
Qlivier [ 2 , 3 ]  reports about high Perseid activity in 1931. Moreover, we do know about high activity in 
1945 and 1968 641, and the Perseid “rains” in 1980 and 1981. Finally, there was also high activity in 1921. 
Thus,  we have the following years with high activity: 1921, 1931, 1945, 1968-69, 1980 and 1991. This is 
well-known. Therefore the period of this shower exists, but is not constant. The value of 11.72 years is 
probably too precise, but perhaps a period of 9 to  12 years is more real. Only the years between 1955 and 
1957 did not show high activity, and the Perseid returns of 1911 and 1912 were even poor. 
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e s!touid adso recall the (in Western Europe unknown) Perseid rain in 1928 [5,6]. During one hour, six 
erseids. It is also known that a Perseid rain was observed in 830. If we 

then 1928 -- 830 = 1098 f i t s  exa y (1098/91 = 12.06 periods)! If we take the 
es into account, then 5 years (0. periods) is realistic to get away far enough 

Therefore, the following questioni 
Ill was near aphelion, ut  a very strong meteor occurred. How was such a dense 

e opposite part of th  
activity in other years, such a 1837 (1928 - 91) or 1808 (1928 - 120) 

tionai phenomenon? Shall we observe similar phenomena in 

WhaA 1 want to  poinit out is that  a periodicitmy in the activity exists; independently from the return of Cornet 
1862 111: alld that  the Perseid 

irt that  does not answer i; e quest,ions raised above. Personally, H believe that the comet has 
ill 19SO.-IjE arid that we sa 

a r ?  The last argument in favor of a P980-81 return is that overall activity in 

observers saw 2960 different 

2069  (.l928 -+ 91) or 2048 (1.9 

eteor Stream has ail involved structure. I woul be glad if the comet would 

econdary filaments I n  1921, 1928, 1931, 1945, 1968, and 1991. Such 

1980 wkl,s much hi 

[a! I : O V d 1  ik..c;., L (  eor Astronomy”, Oxford, 1954. 

[4] Sky and TeDes 
[3] Olivier G.P., ‘ 

I.S., “’Meteor pheno 
. .F . ,  “h,Iel,eol i:alculat 

phere”, MOSCOW, 1958. 
rovedenie 18:1, 1929 (in R u s s h ) .  

A J ,  ~ r ~ s ~ c h e n ~ u k ,  February 1992 

Paul  ~ ~ o ~ ~ ~ ~ ~ a ~ ~ . ~  0d1~1t the ~i~~~~~~~~~ comments on iiir zssues ruzsed by Andrey ~ r ~ ~ ~ ~ h e n y u ~ .  
I h h y  agiee with the remark that an increased activity of the Persetd stream a t  maximum does not necessarily tell 
any ihmg al,caut the vicrniii y of t h e  comet Several years with an exceptionally high Perseid activity a t  maximum 

picid kit 1akc-i: wLth the ieievanre aE ieports 01 past years. Some examples: 830 A.D.: “Cozintless 
~ ’ ’  What does it describe? A normal Perseid display 
men: sky is already impressive and in ancient times 500 

t, may have he “countiess” to most people. Occurrences of ancient meteor displays 
ally exceptional rates were seen; however, if one goes back to the original references, 

meteer storms or exceptional activity. Other historical 
3 989 1007, 1042, 1451, 1581, 1590, 1625 and 1645 [l]. 
e seen wider very favorable circumstances. These old 

irtg rates of activity to our current standards. 
211 historical records may suite a i ven  periodicity indeed 
orLs became only available in the 19th century This way, we know about very rich 
2,  a n d  1863-the years before, around and after the perihelion passage of P/Swift- 

qualified astronomers: ( e  g , A S erschel, [ 2 , 3 ] ) .  EspecialIy 1863 was very well 
I862 return of Swift ’htt le was accompanied by a rich Perseid display, no account 

entury, except for some vague descriptions referring to 
so far on meteor activity around the passage of Comet 

several periodicities, but was misled by pure coincidences Bow could he compare 

Olt?.;fl ?Nhlr 11 hafa nOLhlPig k 0  do With the perihelion passage Qf the  Comet. 

* ‘  110 hEobal data WEEC atmalable, and outbursts, not visible in England, were not known; 
b/ ” i 9  meili(d existed to cornpare rates with diFerent sky conditions, as most of the attention went into 

iii different years was assessed by Denning 

s with high activity w e  should also be very cautious. To illustrate this, just  consider 

ers worked with a double-count method, under limiting magnitudes between $4.5 and 
o s t  uncertain Other reports speak about very good Perseid rates, but fail to report 

A, ie i hat wnnld allow a cornparison with current observations How much higher than normal was the activity? 

osiiians fiom visual plottings Stream aeti 
‘\e impressions and descriptions, not on 



!94,5, ~>i?‘\i me. obsert el ( t )  described these good nates, but .s,nat was hrs limiting magnitude’ Someone w ~ e h  
*%i+lr a llrniting magnitude of 1 7 . 3  nizv see ZOO meteors per hour during a rnorrnal display 

Irow can we compare this to  s~, t r idbr~L‘r  
t the )laservers who ~ a w  ‘“,‘,e X f i R  o f  180 WSLZ a few observers, h i  their 

riot be surprised that the average of 50 observers evould r e d t  in a more ,qoderate X ~ L I ~ ~  

still fa r  dhow averages of other years, but less spectarulal 
1 wnr!rade there are variations along the extent of the Perseid stream, but I claim that there is IIO giocrnd to 

Ewt these a r  63 neglectable for Rrghly-:ac?ined highly-e tric orbit?, such as for the Perseids The solar 
CIP 15 asswried to favor the luminosity of rneksarq i i i  “swollen” Earth’s atmosphere around solar 
rh13 doe3 not occur instantly, hut 1s ~x t tnded  over a couple of years The question IS to which extent 

e and ?he resulting atmospherrc ctate % a n  fdvm the visibility of meteors (IncreasF ~n luminosity) 

evenly distiihuted, so that the pditicle fiux 
lg than u inua l  varaatlolls of LIP to one thud, 

o M e  year aIter year woulc: indeed look too 
11 of a complex prcacesn w i t h  several processe-, 
ou) c! expect almost raiidorii wiriatioiis in t h e  
n7s orbit would be hard to delect, except for 
nrounter it reguiarly, as is the case with the 

x.Jm tr,tversc 1.2 x l o 9  km along their orb- between t ~ o  successive years of Persed ac t~v l ty  Durlog 
11h.d a mnx:~mrn,  we can picture the d e ~ i  km, covering only 0.2‘% of 
that has p a s 4  the Earth’s orbit in the  arf One should keep in mind that 111 these 24 

pasbrng a celestial body This ~rnplie? that even d u r i n ~  well-observed Perseid returns, still 99 7% o f  

e many orbital ievolutiom t&:~ a reasonable sample IS obtained to investigate leal 
tream’s orbit, especially when taking into account that  a dynamic complex such as a 
ges and does riot stay stable o ~ r  several revolutions. 
ertainty that periodicity occ UI nwteo:oid clouds clustered near their parent comet, 
rnds (every 33 years), Gngg ellerupad. (every 5 to  6 years) and Gracobrnicis (evtxy 
to expect a young meteoroi ) p l a t i o n  near the comet as was obser~~ed in 1046 near 
ets do not necessarily peodrire d w L ,  hvrever, and many comets have past the Eant’i 

t ill favor of the 1991 outburst being associated with P /Swi f t -T~ t t l e  1s tine sharpaes.; and  t h e  
C irre ~ ~ I ’ P c  peak of the dorrb!e inaximum Y o t  b e ~ n ~  distinctljr notrced before, ~t dzqpears v hen  he 

C L F . : ~  a i3ar41jrl~ concentration shortly before the “‘old’ , main core of the stream i b  I H ~  Thi- “nev ’ 
sion large enough to have a l low4 the  Earth to cross it in 1988, 1989 and 1991 as was 
tended, very dense belt, must L P E  of r d a t  vely recent origin since perturbing foices have 

111 mass The first peaks in 1988 and 1989 are P ~ C ? I  

y .i an;i 2 years aheed of the very compact 1991 first 
mai  1 niim 1s from a rather recent origin t he  close; 

h f o + w ~ - ~  the 1991 oritbiirsL wa5 r r io r~  intense by ari 
years with better-than-usual Perseid actji\ ity (inc1ud:ng 

ge -riaxima which may be due to solar activity or 

1:: r n  311, 1 a n  a€ia:d ci’e have to admit we knoa le, that  real long-term studies are not yet possible Any 
o : td i i~ io r~~  usiii, data from the past or based otl too small sarrp!r,i should he regarded with scepticism and this 

i bi pIIiyg- m m ~ l  ior pure speculation 
1aii”r P (ed ),  “IIandbook foi Visual A l e ~ e a i r  Observations”, Sky Publishing Lorporahon, 1989 

*leak 3 S o u l  per’”dlc s Bow W O l i l d  thew frr < )Id 3ned P 1 2  v t w  period rerninds a f  planetary perturbatims 

r d  influx occurring 
Assua:ring thdt  hi pai t r~ie  density along the coin, 
i t .  g ~ d i a i i * e  9 ‘.\ Le c.oasi,ant every yeai, would be 1 

An almost i ~ i i s t d n t  repea 
The build-up uf a strcam I 

e value 

( oil~s~ons arid hrrak-ups 
ty in ivhrch periodic variaiions ah 

ficient extent to  give the E a t h  

V Y ~ G ? ~  b i e r  only 3.4 x 

iartl? i2ica~e5 ahnost p e r p e ~ ~ d l c ~ l a r l j  thrk>upJx rudma’i tube of the fore  of the stream, 11ke a 

the p a : t i c l ~  poy~lafioni along the stream’s orbif Las iemdiried unp ohedl 

w t h o ~ i  any dust environment able to produce meteors in the Earth’s atmosphere 

it out,  away fiom t 
spread out aild re?p 

i t  
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ates: May-June 1 

'Fhe months of May and June contrast greatly between the northern and the southern hemispheres. In the 
northern hemisphere there are few showers active and hence overall meteor rates tend to be low. In the southern 
hemisphere there are quite a few showers to be seen. This together with the ecliptic being high overhead ensures 
that good rates are seen. Table 1 lists some of the meteor showers to be seen in May and June 1992. Table 2 
shows moonlight conditions. The dates of the phases of the Moon are given in UT.  Note that  the activity period 
data for the June Bootids and the o-Cetids are uncertain. The showers chosen for special investigation for the 
months of May and June are discussed below. 

Table 1 - A list of some of the meteor showers to  be seen in May-June 1992. 

Shower I Activity I Max Radiant 

I 
I 

17- Aqnarids 
0-Corona Australids 
Southern Qphiuchids 
Northern Qphiuchids 
k-Scorpids 
8-Bphiuchids 
y-Sagitt,arids 
X-Sagittarids 
Lyrids (June) 
Bootids (June) 
o-Cetids 
cu-Scorpids 

Apr 19-May 28 
Apr 23-May 30 
May 10-May 29 
Apr 25-May 31 
May 04-May 27 
J u n  04-Jul 15 
May 23-Jun 13 
J u n  05-Jul 25 
J u n  l l - J u n  21  
J u n  26-Jun 30 
May 06-Jun 05 
Mar 26-Jun 04 

May 05 
May 18 
May 20 
May 13 
May 19 
J u n  13 
J u n  06 
J u l  01 
J u n  16 
J u n  28 
May 15 
May 03 

336' 
284' 
258' 
249' 
267' 
267' 
272' 
276' 
278' 
219' 

25' 
246' - 

6 

-02' 
-40' 
-24' 
-14' 
-39O 
- 2 O O  
-28' 
-25' 
$35O 

$496' 
-04' 
-25' 

___. 

Table 2 - Moonlight in May-dune 1992. 

- 
D. 

4' 
4' 
5' 
5' 
4' 
5O 
5O 
5 O  
5' 
8 O  
5' 
5O - 

Drift 

1-009 
+0:9 
+OP9 
SOP9 
+OP9 
SOP9 
SOP9 
SOP9 
$OP8 

$009 
__I__ 

New Moon: May 2, June  I ,  June 30 

- 
A6 

+0?4 
+0:1 
-0P1 
-0: 1 

O P O  
O P O  
O P O  
O P O  
O P O  

-0P1 - 

V, 

_. 

66 
45 
30 
30 
45 
27 
29 
23 
31 
14 
36 
35 - 

- 
r 

I 

2.7 
3.1 
2.9 
2.9 
2.8 
2.8 
2.9 
2.6 
3.0 
3.0 
3.0 
2.5 - 

'i iic Scorpio-Sagittarids encompasses a number of streams that occur in the constellations of Scorpius and Sagit- 
tarius during the months of March, April, May, June and July. Named by Dr. C. Hoffmeister during the 1 9 3 0 ~ ~  
these ecliptic streams are thought to have originated from Cornet Lexell (1770 11). The Scorpio-Sagittarid showers 
are noted for greatly varying rates. At times, they are virtually not active while on other occasions, ZHRs of 
a r ~ u n d  PO have been recorded. The Scorpio-Sagittarid showers are noted for bright colored fireballs and the 
occasional meteor that  produces a persistent train. 
As mentioned previously, the Scorpio-Sagittarids consists of a number of sub-streams. The  major components 
whose details are described in Table 1 are the P-Corona Australids, Southern and Northern Ophiuchids, K-  

Scorpids, O-Ophiuchids, a-Scorpids, y-Sagittarids and the X-Sagittarids. Since Scorpio-Sagittarid meteors have 
velacities similar to those of the majority of sporadic meteors, great care needs to be taken in identifying them. 
Observers should be facing the radiant area and plot all meteors seen. 

* The ~ " A ~ ~ ~ ~ ~  

The q-Aquarids which were produced by debris from Ralley's Comet are a very spectacular stream especially for 
southern hemisphere observers. Unfortunately, because the radiant reaches culmination during daylight hours, 
the rphqliicirids cannot be viewed in all their glory. Although the radiant is equatorial with a declination of -1' 
the seasons are such that  it is daylight in much of the northern hemisphere before the radiant can rise more than 
20' above the horizon. The southern hemisphere is more favorably placed and the radiant is able to  rise above 
50" before sunrise. 



l ' h e  ~-~Aqiuarir?.s are best, viewed the last couple of hoilrs before sunrise approximately from 3"45m to Sh4sm am 
local time. They are characteristically fast, yellow in color and have a train. It is not unusual for these trains to 
be very persistent lasting more than 30 seconds, Also, the ?-Aquarids prodlice many brilliant fireballs. 1992 is 
a favocable year moon-wise to observe the r,-Aqilarids. The  IMO encourages observers in both hemispheres to 
niake this stream a special target €or their attention. 

I-S 

: {,he southern hemisphere is approaching t,he wiriter soktice, the h i g  nights mean that the radiants of several 
id :,lLe m a j m  ti& treains can rise su bmtialiy above the horizon before daylight. The t ~ 7 o  best candidates 
for viewing are $,he y o-Cetids and th une Arietid8. Past observations of these st ams indicate that during 
the last, hour of ss before dawn v i rates can rise up to 5 meteors per hour. 0th the o-Cetids and the 
Arietids produce fast. blue-white colored meteors which often have a train. Intending observers should look as 
close to the radiant area as possible and plot all meteors seen, 

ant Qf @ O r n e t  I 
period Comet 1983 VBI approaches the Earth a t  a minimum distance of 0.003 AU on May 
ical radiant a t  Q = 289' and b = +&i0 with 17m = 45.4 km/s. This radiant is well situated 

for ohservers in the northern hemisphere. The geocentric velocity as avcili as the very close approach of the comet's 
orbit k v e  a chance that there will be a detectable shower. 
The actual radiant position may differ somewhat from the predicted one. To determine i t ,  plot all meteors possibly 
radiating from. an area of about 15' radius around the predicted radiant, fill out, a list as for the Aquarid Project 
and send it to the Visual Commission. Using PosDat arid a radiant analyzing program it will be investigated 
whether there is a ra.diant and where. 
For plottirig, the Grromoriic Ai las  o %b&?.fi is recommended. The fie1 of view should be centered a t  a 
distance of about 10' to 30' from t h  ediclcd radiant. For observations t,he t h e  from around May 5 until May 
20 i s  recommended. 

The June Bootids were produced by the debris of Comet Pons-Wjnnecke (1915 11%) and appeared as a new shower 
r several years they produced high ZR .s of up to 100 but in recent years the shower has mostly been 
gh on rare occasions low rates of 1-2 meteors per hour have been recorded. The last of these were in 
s and early 1970s. The June Bootids are expected to be active around June 28. They have a visual 
eter of approximately 8@ and are extrerneiy sIow-moving. Although there are some bright meteors, 

itarin the Moon. observers should begin the  watch from June 24 and continue until July 1 or 2. All meteors seen 
shrsuId be plott,ed and great care taken to identify possible shower members. 

er~.at ims ~ of the shower indicate that it is unusually rich in fainter xembers.  In 1992 there is no interference 

t€?S ( b y  hfi2lCOim 2. @ U T T i e )  

inie of year is dominated by ecliptic complexes stretching from Yirgo to Sagittarius. Most produce a high 
tion of faint meteors-rates over half the sporadic background are possible; and they all have moderate 

airing them amenable to telescopic study. As ever, it's the accuracy of careful telescopic plotting that 
permits separation of t>he various components, even with low numbers of meteors. 
The Virginids c o n h u e  during May, though the center of activity is in Libra. Euring the dark time a t  the 
lszginning of May I shoilld like telescopic observers to  concentrate on I',his shower complex until around 2h local 

At the same time it is possible to cover a few Qphiuchids;  whose northern component lies about 30' east with 
A A  observers recorded a significant fraction of Ophiuchids-up 

to  a third of the sporadic rate-from late April through May. 1 think that following the activity of the Ophiuchids 
cou1.d be: a fun and novel project for Australasian. and Sol;t,h-.American watchers as the improved radiant elevation 
could. lead to  rates comparable with the background. There are few telescopic showers that offer such high rates. 
'%ere are few telescopic data on S c o ~ ~ ~ o - ~ ~ , ~ ~ t t a ~ i ~  showers, principally because the telescopic observers histor- 
kd!y hai7e been situated at mid-northern latitudes, and have been prevented by twilight, the radiant elevation, 
and public examinations. Once again there is a n p i e  opportunity for rewarding observations for those fortunate 
to reside s m t h  of the eqaator. 
I992 is a good year for the Halley showers regn.riling interference from moonlight. The q-Aparids  also favor 
thme south raf latitJude -i;40°. Fiirther north twilight prohibits effective watches. I t  is a continuing program of the 
(:ommission lo  probe the structure of the stream by plotting rnet,eors and to determine the fascinating, complex 
sl-ructure of the radiants. 
E'or those in the north who may feel left out of the  party so far it will be interesting to  look again for more 
evidence of Mark Vints's compact radiant around A,$ = 6705, and to  determine if i t  is an annual event, and if so 
what is its activit,y period. In early June there may be IOW activity from the r-Heercvlids. In late June look out 
for residual June B ~ o " t i d ~  from the periphery of t,he Pons-Winnecke stream. 

icicus choice of field centers. During I 9 9 F  
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4 h e  main aigoritiirns underlying the program Kaclirlni are d e s c c i b d .  acliward tracirlgs and probability functions 
are used to determine radiants. First experiences diid rnelhods to cst i ia iate the reliability of the results obtained 
by the software are discussed. 

* .t,,%ro 

Iirmnmagiaig in old liter at 
IJX,serva,tions. In 1934, E. 
E L S ~  times that somebody compared the relialnJ:ty d T ~ ~ L I .  

found a so-called "probable error'? of k804, whiib m :lit b 

One of the radiant-finding procedures was applied co ?-radar O ~ C T V ~ ~ ~ Q I I S  and uses the normal 
vcctor of the great circle the meteo 
pre>vided the radiant IS exactly a hat circle then corresponds to the 
direction of the radialit, or the anti-r se of the izurlerlying assLirnptions, 
this method is insensitive for the ra 

A lic)tl.rer frcyuentlj  used method is deter ;dins <A ' : W J  different tracings (yielding 
"11' to n(52 - I)/.? Inserscct,Ions for 12 171 _j t~ L ~ C X  ;ntcisections then gives 
a n  i~iipressioon of the prominence of a radiant. This l w c e d c r e  is, however, too sensitive for 
poorly distributed pdths. Indeed, i a a g h e  ser-el ai ,iaradei-m*,vii,g ' 1  ~iie-ceors r i o t  producing any 
dntcisection. A si r igl~ perpendicular meteor will geua ate a iharp radidlit as i ts  prolonigation 

A-,i uall:7 <'..is radiant is sprasicxxs. I\k'Loreover, 
the orientation of two non-parallel rneteois must differ h:, a mi:nirnurur value, If not, a slight 
o6PTitation erxor of one of the paths will cmses a staosig dispiaceina. of the intersection, as a 

ly p r o h g e d  kis it i~ :: en dosic by band when  verifyi~ig some 
ng the sky into sinall are>, the aiuniber of rarrcider,!, backward 

I)e detecmi~ed for each of these areas. BVc only applied this last method in the 

b,:::o~~s of radiant densities gre- ,~ with the 
impiest and basic advmt c:s of compu",rs is to y.-ocess huge 
acf-ly what we needed for the Aquarids. The interface between 
at datahasc format as well, as the stuiasture of F f D A C .  Neteors 

to 65534 meteors into B tenpoiary, 

C li! tmte3~31rs are traced backward 111 a certain a ~ e a  oaf t he  sky, whew the radiants are expected. 
'I Siis area is diviciet-l into sinall squares and  tlie niimbcr of iricidexit backward prolongations per 
~ q u i t ~ e  is couiited. The sky is divided gnornonicaily, although equal griomonic squares generally 

owever, s i n r ~  the center of the gn~monic  projection 

, I found severdl attempts t o  determine iadiants mostiy from visual 
k published the results of k u h  A I i ;om Expedition. It was o m  of the 

wit11 i,hc a:x-t:racy of the plots. 
va lue  1"e the standard deti;Ltion. 

ais in traru Ik on a great circle, 

s those of all the other, parallel, meteors 

~ I I C ~ '  b f  ritrhic'h the position of the radia~i t  along tile p ~ : ~ n g a i ; ~ s ~ ,  i s  of 20 sigi~iiica~lce. 

1 in these files can directly be treaee 5y Rezdsrinii, ht3iectix.e criteria allow the uszr to specify, 
. *  prrlods. observers, and sites. T h e  raglan; :e;,cl; 

iiot rc;preseirt equal areas in the sky. 
I 1 1 ,  chosen in the vicinity of the exp ted radiants, the rrsuiting effect is fairly moderate. 

1Ss aiwayb ri1ov-e over the sky wrth tirne. he displacement per day deperids on the direction 

ier ,  tliere is also a s p c ~ i a l  C Q ~ W C ~ O I L  in  the udgiiLiiliii: tor the scale change. 

of the  incation vector of the meteoroids, ai id  11 be h e l i o c a i  E ic velocity and the st rncture of the 

Thc r ~ ~ ~ ~ l ~ t i ~ i i  of the Earth through parallel orbits of meteoroids in tlie ecliptic would came 

it. addition to the mett:oroi&' rnolion v e ~ t m .  The va1i:e. de-pends OH the heliocentric velocity of 

e a n i  at CLe oibitai r i d e .  

( M y  shiff., of 004-100, due to t e angular motion of" ilie aztlr of about one degree per day and 
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the stream: higher velocities cause smaller shifts. Radiants at very high ecliptical latitudes can 
have quite low daily motions (e.g., the K-Cygnids and the Ursids). 
The effect is amplified by the structure of most streams. When passing the stream from inner 
to  outer (or from outer to inner) parts, we observe meteoroids on slightly different orbits. The 
differences either in semi-major axis or in longitude of the node (mostly in ecliptical showers) 
also affect the displacement of the radiant. Generally, the geometric value caused by the Earth’s 
motion is increased. If we meet the shower near its perihelion, the curvature of the orbits is 
near its maximum, whence the daily motion can be rather large despite the higher ecliptical 
latitude of the shower (e.g., the Perseids). We then get the typical motions between 006 and 102 
of ecliptical longitude per day. 
Since the radiant drift is nearly parallel to the ecliptic, Radiant only considers a displacement of 
the meteors in ecliptical longitude. With a given daily motion nzd and reference solar longitude 
Xref (generally coinciding with the date of maximum), the individual longitudinal shift A1 of the 
meteor in degrees is 

where Xmet is the solar longitude of the meteor’s appearance. The constant is exactly 1/360 of 
the tropical year of 365.2422 days. 
Applying this shift in ecliptical longitude allows for the use of meteors from different nights to 
determine one radiant. 
For computing radiant positions, the program Radiant provides two variations on the principle 
outlined above, the first of which is “naive” backward tracing. 

A1 = 1.01456md(Xref - Xlnet),  (1) 

The prolongation of a meteor does not cover the entire sky, but only a reasonable portion of 
that  great circle taking into account the angular and geocentric velocities of the meteor and its 
path length. 
The distance [ of the individual radiant of the meteor from its starting point is a function of 
the observed angular velocity w and the geocentric velocity zl,. For simplicity’s sake however, 
we prefer to compute u as a function of ( and v,. Thereto, consider the component v l  of 
the entrance velocity zl, perpendicular to  the observer’s view line, i.e., the component of the 
velocity vector tangential to the celestial sphere: v I  = v, sin[ (Figure 1). 

Figure 1 - The estimation of the angular speed. The observer 
sees the velocity projected onto his celestial sphere. 
See the text for details. 
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Fiurthermore, we need the distance of thc meteor from the observer given by D = H /  sin h with 
N the height of the atmospheric layer in which the meteor becomes visible and h the (angular) 
starting altitude of the meteor. Then the angular speed w in radians per second is given by 

As the arlgular velocity is an estimate only, the tracing is drawn in the interval corresponding 
to  the range [LJ - 2 0 , ~ ~  + 201. Koschack [lj determined the standard deviation CT of the speed as 
a function of the anguldr velocity itself. We t us find the interval of the backward tracing with 

is automatically correlated to v, by FZ Of625 x v, + 76 km. 

Sometimes it happens that the speed estimate plus twice the standard deviation determining 
the far end of the backward tracing is too large for the given geocentric velocity. The result Qf 
the  right term of (3) then is greater than 1. In that case, we put tend = 2n - (beg. On the other 
Band, geometrical reasons prohibit the prolongation to begin before the distance ( has reached 
a certain ratio to the length of the path. The start-up value for this ratio in Radiant  equals 1.0., 
i.e., [beg rnust be larger than the length of the meteor. 

Taking into account the liniting conditions above, the meteor is now traced backward between 
[hrg and t e n d .  The number associated to every square intersected by the prolongation is incre- 
menteed by 1; if the correction for scale change is enabled, it is incremented by some value c. 

To compute this value c,  we first observe that the dis- 
tance a of a point on the gnomonic chart from the 
center of projection depends on the angular distance 
cv on the sky: 

a = r t a n a  

P 

witla. r the radius of the projecting sphere1, 
also be coilsidered as the scale in the center 
(Figure 2)” The scale in any other point is 
by 

F ~ g u r e  2 - The giiomonic projectiori as nsed 
adianl .  The  point where the 

map touches the sphere is the cen- 

(4) 

which may 
of the map 
then given 

( 5 )  

ter of the  chart. ’We are only interested in the scale change, i.e. the 
ratio of the scale to the scale in the center. As the 

distance a can be expressed in gnomonic coordinates (x? y )  by a2 = x2 + y 2 ,  we get: 

At a distarce of 20°,  the correction c equals 1.13. The correcting effect is obvious when we 
cortsit-ier three meteors meeting in one pixel near the border of the “chart” and three other 
prolor~gaticdns meeting near the center. Since the outer square represents a smaller angular area 
than the inner one, it is a more distinct radiant, and, indeed, it gets a higher correction. 

’ Atlas Brno charts have r = 160.113 inm 
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3. Applying probability distribution functio 

Unfortunately, the very simple method of tracing the meteors backward requires large amounts 
of data. As all plots have certain errors associated to them, a large number indeed are needed to 
fill the (approximately Gaussian) error distribution in order to obtain a reliable, most probable 
radiant. 

Alternatively, if the plotting errors are known, then the corresponding Gaussian probability 
functions can be explicitly applied to single meteors. The same also holds for the angular 
velocity. 

Figure 3 - The distance E is the angle used 
by Radiant to determine the prob- 
ability of P being the meteor’s ra- 
diant. 

In this approach, an area of display squares is created 
behind each meteor, the values of which represent their 
probability to be the radiant of that meteor. Given a 
meteor and a square P ,  the distance A between the 
starting point of the meteor and the current pixel P 
is computed. Let P’ be the point on the backward 
prolongation of the observed meteor trail at distance 
A from its starting point. e distance E between P 
and P’ (see Figure 3)  is then used to  compute the 
geometric probability p ,  of P to be on the backward 
prolongation of the real meteor. The probability p 
for P to be the radiant then is the product of this 
geometric probability p ,  and the probability pw with 
respect to the angular velocity, i.e., 

P = P w  x P E  (7) 

where 
2 

I (u-wexp)  

e W w 1 2  , (8) 
1 

+J) fi p w  = 

with uexp the expected speed at the distance A of the computed pixel, and a(u) the standard 
deviation depending on the angular velocity of the meteor, and 

with ..(A) the standard deviation of the plot at distance A from the meteor’s starting point. 
While the role of the geometry in the probability function is intuitively obvious, the influence 
of the angular velocity should not be underestimated either. As an illustration, Figure 4 shows 
Probability distributions for two meteors, the upper one moving at  5*/s and the lower one 
at  10°/s. 

These calculations are applied to every square behind the meteor. The floating point operations 
make the algorithm seem rather slow. Therefore, some concessions were made in the implemen- 
tation in order to reduce the calculating time to some extent (e.g., cutting away areas of too low 
probabilities, and searching for the next zero instead of a complete scanning). The probability 
distributions of the individual meteors overlap each other yielding a smoothed display of the 
radiant structure. Each meteor gets the same total weight, as J y z p  = 1, independent of u.  

Surprisingly, the error distribution of speed estimates resembles a Gaussian distribution even better than 
that  of plotting deviations [I]. 
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Figure 4 - Two meteors traced with probability functions. The upper one has w = 5O/s, the 
‘/s. Both meteors start at  about 10 mrn outside the left edge. 

C~bvioiisly, the probabili 
of the sqriaxe. In turn, t 
With enabled scale correction, we thus get p = pw x p , / c 2 .  

to a square is directly proportionate to the area 
portionate to the square of the scale correction. 

ackward tracing nietho requires lots of meteors. No square around the 
be l e f t  empty. Even one hundred visual plottings do not give any reliable 

result, since the procedure may be described as “filling Gaussian distributions” and finding their 
xnaxim a. 

Of course, the required xiiimber of meteors depends on the chosen resolution of the sky. The 
smaller the size of the squares (i.e., the pixel size), the larger the number of meteors becomes 
needed to obtain “wel3-fi?lecl” radiant distributions, but also the better the quality of the display. 
For searches with visixal meteors, a typical size of 1’ is appropriate. For this resolution you need 
some 500 meteors. 
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Figure 5 - The result of the simple backward tracing of 469 meteors around the maximum 
of the Qrionids. Additionally, the display was smoothed (each pixel with its eight 
neighbors). 

Figure 5 shows a nice result obtained by simple backward prolongation of 469 meteors seen 
between October 18 and 25. It has been computed with vc0 = 66 km/s. The distribution array 
consists of 100 x 100 elements of size 1' in the center of the map. Notice that the radiant of the 
Orionids is striking. 

To illustrate the importance of the velocity once again, igure 6 shows the same meteors dis- 
played with the same parameters, but with 'u, set to 30 km/s. The Orionid radiant has clearly 
vanished; on most of the meteors' backward prolongations, the relevant interval even lies com- 
pletely outside the chart, 

Compared to the first method, probability method is better suited for visual naked-eye plots, 
as fewer meteors are needed. th  the mentioned resolution of 1' YSU get good results with 
100 to 200 meteors already. This is however the lower limit for any investigation using visual 
observations. 

Figure 7 shows a probability distribution of 363 eteors from the southern showers of early 
August. It is a 50 x 50-elements distribution grid. 
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Figure 6 - The same meteors as in Figure 5 ,  but computed with the incorrect entrance velocity 
of II, = 30 km/s. The Orionid radiant vanished completely. 

is quite favorable. At the AT standard clock speed 
to 4 meteors in a second. At 16 MHz, the number 

386 computer working at 33 MHz clock speed manages to finish 12 
bability mode on the other hand does not get any meteor ready in 

z computes between 70 and 95 meteors per hour. In that time, the 
t of 200 to 300 meteors. 

It is rather hard to define criteria for the reliability of the radiants found. A background-noise 
function of ~~~~~~~ divers the mean istribution value as well as the standard deviation of the 
calm J ated Jis p4dy. e pz.oiriinence z 11 then be estimated by 

with zmax the n(~axiinun vaiue of the radiant, F the average value, and the standard deviation. 
The estimate z is fairly useful when comparing several displays with the same parameters. As it 
is not an absolute value, it is however not applicable to computations with different resolutions, 
pixel sizes, or calculation methods. 
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fLlrh,tlon9 t4t 363 I ors of eerly August showing more 
eS O f  V i s l J d  p l C J k i  ability distributions are scaled to 

n i a ~ r i ~ ~  t E m e t e w  s displayed, as the probability values are extremely small. 

Furthermore, it i c ,  ~ : ~ i ~ t ~ l e  to 5 ?JT d m x d w  or irlcrease the daily motion of the investigated 
radiant pr~vided. t e distinct with smaller or 
larger shifts, i t  is v ot belong to the shower, 
whence the radi logously, the paths of the meteors 
can also be ran s. The more distinct the radiant 

oceduse cannot be executed with 

t .  The results will be 

VdlW i s  kllo-\vn' 



- .~~ ~~ . . . ~ ... - ~ . ~~ ~~ ~. .. .~ .. ~~~ ~ ~~- ~ 

Forty meteors of magnitudes between 4 and 8.5 were observed both telescopically and by means of a TV- 
i r:anipaign a i  :!it: d)iidfe.jov Obserqiatory. Using s ta i ldad  ielescopes for telescopic 
culars db 10 x 80 aild 1 binociiiiir ri;b 12 x G O ) ,  1.52 individual telescopic recordings 
ned. A n  a1ialysi.s of the precision of these 152 teiescupic recordings is presented. 

ssiLion arigie (SDPA) equals 1l0, and the 
sversal deviation) equals 005. 
obscr:4ng cainpaigs. Dciriiig 
e after three observing nights 
he accuracy of the telescopic 

ii i n  she 5e;d of view, recorded length, the presence 

riliiig tlicieor was deteriiiine:i for  s, equipnlent, and observing 
r i d  Lo i i e  constant for meteors of I or brighter, equaling abolJt 8Q-85% (not 

The  recording proba’nility gradually decreases towards 
e out, of the eight participating 

f recording meteors brighter than $8 being 

100% clue to the relatively higli rate of “de;i~l-t!:me” 
faint8cr rm,teors sn t l  arnouuts l o  less than 50% for rn 

und to be “good observers,” their p 
s , o b t a i n e d  from averaging over all observers). 
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characteristics and haccur dcies of telesc epic meteor observing, arld achieving the best possible 
methods for observation and analysis (e g. ,  [ lo]) .  

The analysei cji(' L ) ~ ~ \ C Y C I  i t d r i s ( l L c u  I ) i l l j , c l i 1 3 m  z l ~ i l ~ l , ~ ~ : ? L ~ ~ ~ ~ i ~  ~ i ~ i  ~ e ~ i  meteor iecordings. 
That  is why some systematical devidtions and d~stortions in telescopic recordings may not show 
up. T h e r e h e  we organized parallel telesc opic and TV-camera observations at the Ondi'ejov 
Observatory during August 1991 to reveal these phenomena [6,7]. 

In the CiOs, t h e  Czechoslovak standard method of telescopic meteor observations was established. 
Apart from some minor m.odifications, this method is still being used. 

In principle, a. certa.iri area of the sky is watched during a telescopic meteor observat'ion by means 
of a wide-field binocular. All meteors seen are recorded (i.e., their positions among the stars are 
plotted, and t h e ,  magnitude, uelocit,y, train and other parameters are noted). Several types 
of binoculars are nsed, from 7 x 50 to 25 x 100. Most frequently, binoculars of 10 x 80 and 
12 x 60 a,re used: the former (called "db") having been established as the  standard instrument 
for telescopic meteor observations in Czechoslovakia. The field of view varies from 305 to 704, 
the latter being the clianiet'er of the field of view of the db 10 x 80. 
Hence a part  of the  sky of a few tens of square degrees is watched, corresponding to  an area in 
the atmosphere on the meteor level at a.hout 100 krn of several hundreds of square kilometers. 
When several fields around the radiant of a meteor shower are observed by several. observers at 
the same time, then by analyzing the telescopic recordings statistically, activity and magnitude 
distribution of ihe  shower (and subsequently spatial density and mass distribution of the stream) 

owever, great care must be taken in accounting for different systematic 
deviations, distort,ions and errors. 

In this particular event of parallel telescopic and TV-camera observations at the OndEejov Ob- 
servatory, a group of eight observers used seven db 10 x 80 and one 12 x 60 binoculars. Four fields 
were watched, centered at 1205 from the Perseid radiant at the t ime of maximum. The field 
diameters were 704 and 500 respectively. T h e  limiting telescope star magnitude varied between 
10.5 and 11.0 (average conditions). At each moment during the observation, at least two, but 
usually 4 t o  7 observers watched the same area in the sky. T e times of the meteors seen were 
recorded as accurately as possible (up to about I s )  by an assistant. The  observers plotted the 
meteor trail on star maps with a scale of 2 cm per degree (based on the SAQ-catalogue), and 
rccordee? magnitude, velociry and several other parameters. 

S ~ ~ V ~ ~ ~ O ~ ~  an 

v I &"-camera meteor obsersTation system was used in parallel telescopic and TV- 
vat-lo~is. This system is in operation af the Department of Interplanetary Matter 

atory and its  main device is a night-vision camera, model RT ll-22/SIT 
Idapest). containing an RCA 4804/H SIT-vidicon tube  with an S 20 

photo-cathode. The  system operates with a 625-lines scan at a frame rate of 25 per second. 
The camera lens i s  n Leitz-Noctilux 1/50 mrri. The field of view is 1407 horizontally by 1100 
vertical !y. 
The olJstArvatiL-ii; d \$ere rec-orrlec? o ~ i  a lrideo tape liv a I'HS Tesla-Phllins VM 6465 tane 
recorder with a b,inIiv:ith of 3.1  hIIIz. Or, a momtor, the video tapes were checked visually for 
meteors. Each time a metem was fourid, i t  could be analyzed t y  means of an  image processor 
Tesla V&t (255 leveis of gray, rnemory for four images of 512 x 512 pixels or sixteen images of 
256 x 256 pixels), in  (orijiinction wi th  ii Fr 

e magnitude range covered by the camera: the faintest recorded star had a magnitude of 
$10 while the fainted recorded meteor nsp. 1 f 1 ? jsyhcr, thr  ~ d w t l - e y e  limiting staI magnitude 
was 6.0). 
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Vlrp wa-chec! tht. s h i i i ~  rlu’h iri thc sky 1,) xir”xi5 of the TV c.mic:a and the group of telescopic 
o b s e r ~ ~ t ~ ~ ~ ~ ~  separated by distances of ahout 100 rn.  (No telescopically detectable shift of the . 

* 4 1  - 7  .7$.<?‘C 

situazed a t  about 12“ Crom the Peenseiii radiant axd observed by 2 to 7 observers at any 
time. 

Several important differences between both techniques of meteor observing have to be noted: 

I_ A _ _  

\ T l  
* Î 

1 
< A  

1, 

2. 

3.  

4. 

5. 

The  effective a,rea Watched by the TL;-cai-yiera is 2 to 4 times larger than in telescopic 
observa,kions, depending on t,he !engi;h of meteor; 

The p;oba,t,i:it,y of perceiving a meteor brighter than 1-4 (respectively a meteor fainter than 
4-81 with the TV-ciiiriera is close to I O O O ~ )  (. e~:ti.veIy 0%). wherea,s the same probability 
f ~ r  the telescapic m e t i d  is ahout 8.5% (rcsp vc .1~  less tba,n .XI%, but not equal to  O % ! ) l ;  

The spectral sens i t i~~i ty  of t,he TV-camera differs frorn t,hat of the eye. ( ence, differences in 
brightness of TV-c:arnera recordirigs of diEeren t meteors may not correspond to  differences 
in telescopic recordings); 

The  accuracy of W - c a m e r a  meteor trails is much better (about 1’ versus about half a 
degree for telescopic rccordings) j 

The length of the t 1.1 the length of TV-camera record- 
ing of t,he same ir r sensitivity of the eye-telescope 
combination ; 

copic recording may be longer 
)r, which is ::aused hy t,he gr 

In contiast to these differences, time-recordings i~rc> of similar accuracy in both cases (about 1 
second, TV-time being a little more ,-~cciirate’. 

During a few weeks af ter  the dbservntions T V  Lamera and telescopic recordings were searched 
for sirniali anemis rn ors, TV-camera recoedings were hecked by watching a video screen several 
tin35 and all meteoxs tbtccted ( i~e . .  their. times and tri??ls arliong the stars) were noted. Com- 
paling thew uotes with the telescopic retwrdingb, p~s.,,hk simultaneous events were identified 

confirmed <,I I ejcc t e J  i i ~ r i ~ , g  a rnct~e c ? e t d c ~ ~ b  bearch of the TV-camera record- 
hat seaxch, the differences h e i w ~ e n  i h e  kelescopic and the TV-camera methods 

dem-ihcd ,111s-c~ m7cie talicn intr, nc c r , m t  

We were able to  effectit-ely discriminate between simultaneous meteors and accidental coinci- 
in hl! cnses arid i;e hhve ~ i c ,  rJoul,:s I t l ~ w ~  t t e  ~ ~ r i i ~ i \ t ~ i i e o u s  meteois found. The  trails of 

thc Grnult ~iieo:is me re rrieasrired ~ n d  all datL :reie wtered  into a computer for analysis. 
of TI/ cniireIa aiid c~;riespori(iir;g re’escopic recordings of the same meteor can 

be seen in l‘710 

4 ‘  

4. he releswpic g r a i p  consisted of eight observers. Piour of them were “experienced”, meaning 
they were obseivlng meteors telescopically for at least five years (observers nrs. 3, 4, 5 and 6) .  
The  remaining four observers were “les~-experien~ed” : they started telescopic meteor observing 
Qrily O T ~ P  year ago. Wiwever, all observers were seasonal, i.e., they observe meteors only a few 
months earti wear {alenciit iz!f during s~millierj.  So. this erseid campaign was their first observing 
sesc;on c?fier ahoint o ~ i e  ~ ~ Y I J  of ilon ac t i v i t y .  

r i  

I Petr Waiaxa, 2 Jan M u s ~ n s k j .  :i Kiamii IlornockL,. 4 I’iiip l i ioch ,  2. Pet r  
Pravee, 6 L h i v ~ d  KoneFni,  7 Denisn D ~ o f 6 k o v 6 ,  and 8 Karel Trutnovski 

bsei ; a s  111s. 1 to  ‘i“ mscd a ub L(J x ~ I J ,  0~15enes iii. u u b t w  clil mt, A uu .  



WGN, the Journal o f  the ILMO 20:2 (1992) 73 

aracteristics of the data-set obtained 

The  paxallel Observations of meteors, telescopically and by means of the TV-camera, were per- 
forrried at  the  Ondixjov cir)servatoly lrorri xugus t  1 to   it^? izi9.i. i i l e  total riurriber oi teiescopic 
meteor recordings was 815, obtained during 117.8 hours. Of these, 152 concerned 40 meteors 
observed simultaneously by the TV-ca.mera during 11.5 hours of simultaneous observations (of 
those 40 common meteors, 15 were Perseids). These observations were performed under the 
following avera,ge sky conditions: naked-eye limit'ing st'ar-magnitude of about 6.0 (between 10.5 
and 11.0 in the binoculars), and nioderat'e interference of clouds. 

A summary of the observing nights and the individual observers' actilrity is presented in Tables 1 
and 2, below. 

Table 1 - Summary of observing nights. Durations are in minutes. 

Aug 07-08 
08-09 
09-10 
10-11 
11-12 
12-13 
15-16 

Total 

88 1 
266 
539 
892 

1478 
1608 
1403 

7067 

80 
13 
52 

112 
21 1 
226 
121 

815 

124 
38 
49 
93 
96 

123 
166 

689 

5 
0 
2 
7 
8 

12 
6 

40 

Table 2 - Individuai telescopic observers' activities. Durations are in minutes. 

Obs 

1 
2 
3 
4 
5 
6 
7 
8 

Tot 

Tot.  
dur.  

1034 
900 
991 
598 
819 
750 
926 

1019 

7067 

Nr . 
tel. 
rec. 

92 
123 
105 
55 

120 
I59 
71 
90 

815 

Tel. HR 
all 
rec. 

5.3 
8.2 
6.4 

8.5 
12.7 
4.6 
5.3 

- 1  

3.5 

Tel. HR 
brighter 
than  $8 

2.3 
3.6 
2.9 
2.1 
3.3 
3.4 
3.1 
1.3 

Dur. 
TV-  tel. 

obs. 

586 
500 
570 
384 
517 
436 
505 
560 

Nr.  rec. 
sim. 
met .  

11 
26 
26 
10 
22 
17 
28 
12 

152 

HR 
sim. 
met 

1.1 
3.1 
2.7 
1.6 
2.6 
2.3 
3.3 
1.3 

The  obtained data-set covers the magnitude range between $4 and +8. Most meteors had 
magiiitudes bet\vtcn 1 5 . 5  and +7.5. This data-set of telescopic and TV-camera recordings 
of simultaneous meteors was analyzed. The  results of this analysis with respect to recording 

sections. 
prohahi]it.v p I n t t ; i i w  o m - n v c  nf tolcc,-nn;r mctnnr n h c m ~ 7 - ~ t ; C \ m r  3rc n r p c p n , t r  ;n  t h o  f n l 1 n T r r ; n v  

\, 

recording a meteor te%escopica!I-y 

The  probability of recording meteor telescopically is a function of meteor magnitude, angular 
velocity and position in the field of T - ~ P V .  TI:? ixAuenrP of \-e!orit: may ~ t ~ r t x a l l y  IIC considertd 
as a change in observed brightness. Hence both the marrnitude mrpal and the angnlar velocity 



where Am(u) is i?, term cxpressing the facc that fdster meteors look fainter. One has: 

where 'u is in degrees per second (appareril angular velocity, magnified by the telescope). This 
expression IS xralid I E  tllc range 2 0 ° / s  2 j :  5 300c / s  n-j-ith aii iLcc:iii'iiij- of 0.2 liiagiiitudes. . .  

After having performed these transformat,ions CUE can express the probability of recording a 
meteor a s  
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.4 
\ 
\ 

\ 

, , 

Figure 1 - The recording probability ( p ( m ) )  as a function of the meteor magnitude m. The 
solid line refers to all observers having used a db 10 x 80, while the dashed 
line refers to  the “good observers” only (nrs. 2 ,  3 ,  5 ,  6,  and 7). Both curves 
are smoothed. The short-dashed line is the result of Kviz’s analysis [12] of 
Czechoslovakian observations made during September 1964 with the same type 
of binocular. (See Sections 6 and 8.) 

We must point out that  the probability of recording meteors  telescopically depends o n  a variety  of  
condi t ions,  e.g, the telescope, the quality of the observer, sky conditions, the observer’s physical 
and psychological conditions, whence it is practically impossible to find any general formula for 
this probabi!ity. Tbizs the presented probabilities (valid for the particular group, telescopes and 
conditions) may serve only as a rough reference in case of other observations. Of interest is a 
comparison between our recording probabilities and the results obtained by Kviz [12], which are 
also shown in Figure 1. While this will be discussed in Section 8, it is nevertheless apparent that 
modulo a shift of half a magnitude in the magnitude scale, Kviz’s results fit rather well with 
ours. This shift can probably be accounted for by different observing conditions. 

It should nevertheless be understood that every method of analyzing telescopic meteor  observa- 
t ions  must take i n t o  account that  the real probability of recording meteors  telescopically ( ( p ( r n ) ) ,  
and the  less SO p ( m ,  d ) )  during the  particular observat ion zs unknown ,  and thus  has t o  eliminate 
th i s  problem.  
There were significant differences between individual ohwrvrrC T r l  + h p  c a w  nf n h w r v a  time 
under common sky and meteor-activity conditions, well-satisfied €or observations during the 
same intervals a,t the  same site, observers’ individual probabilieies of recording meteors may be 
represented by their hourly rates. In Figure 2, the hourly rate of common TV-telescopic meteors 

recordings (the fourth column in Table 2, called HRALL) for each observer. IE Figure 3, HRCOM 
is shown versus the hourly rate of meteors brighter than -+8 (tiit. fifth rolirrnn in Table 2,  called 

(the eighth. column 311 ’Table 2, called HRCOM) IS  show^ 7-:7r l.oll.*r?;- I ‘ P t ?  i’f all. tel.2scopic 

HRBRIGHT). 



76 W G S ,  the Journal of the Ih fO  20:2 (1992) 

i 

s 

Figure 2 - Individual HRs of simultaneous TV-telescopic meteors (HRCOM) ver- 
sus individual HRs of all meteors (BRALL). 63%-confidence intervals 
are indicat,ed. 

4 

T i  

! i 

i 

i 

A 

I 0 -+- P 
0 1 3 4 

T (hour-9 
Figure 3 - Individual ldRs of sinililtaneous Y'<-teiesc up" iiieleors (HRCUM) ver- 

sus individual BRj of bright meteors (HRBRIGHT). 68%-confidence 
intervals are indicated 
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Two groups of observers can he ciir:iriguished 

'The first group 
IJllose of Lhe athw gto11p. 

rs nrs. 2, 3 ,  5, 6,  and 7 I1a.s WECON values of about twice 
group wj.11 hc: caiieci the good observers. As can be seen rIhaL 

on the  figures, a11 ""god observe ad similar probabilities of recording meteor brighter than 
1 8 ,  since their ~~~~~~~~s as well as their HRCOMs were almost the same. (There was a strong 
correlation between WRBRIGI3T and HRCOM due to t,he fact that most of the meteors brighter than 
-t8 were rewrded by the 'TJ7-cmxra. too,) 'Individual dependences of recording probability on 
meteor niagmitiad.e tliffered sigriificailily from one another only in the range of fainter meteors, 
wbich shows up i l l  &Eert:nces between iiidividrxal HRAL1.s (hourly rates of all records), in which 
usua!ly faii~her ir 

For these ~'easom the set of data poixts corresponding to  "good observers" is stretched along 
the horizontal axis iu  igure 2, while in Figure 3 it is very compact. From Figure 2 it is also 
apparent that  HRCDM tends to decrease when WRALL increases. This is probably connected with 
a larger aanoiirit of "dead-time" for a larger MR 

While the group of "good ob'servers" seems to  be homogeneous at least in the sense of having 
almost the same riicording p?robal-,ility for bright meteors: the other group (consisting of observers 
nrs. 1, 4 and 8) sei:ms more inhomogeneous. Observer iir. 8 used a different binocular and after 
evaluating this difference i t  seems probable that if he were using a db 10 x 80, his values for 
HRBRIGWT would ljc similar to tliose of ohserver nr. 1. Furthermore, the adherence of observer 
nr. 4 to the group seems accidental. Indeed, his simulta,neous TV-telescopic da.ta represent a 
statistically very srna?l sa.mpie and were obtained outside the interval of high Perseid activity 

observer served i ts  a time-recorder for the others). Hence his lower values for HRBRIGHT 
were really caused by losver meteor activity, not by a lower recording probability. Most 

likely, this observer would have beloriged to the "good observers" if he had observed around the 
Perseid n?aaximurri. 

I I  

s 

19 saflic lcritIy ldigr m w i m t  of data  obLained during the parallel TV-camera and telescopic ob- 
servations eirablcd 11s to perform an analysis of the accuracy of telescopic recordings of meteor 
trails otsdarn [13]; a more 
detailed analysis is jiersented below. 

L3e.i iatioiii in tc~i 

I deviar: ion irt 

Sorrie pieirririaiary rcsrilts were pIesented at  the 1991 IMG in 

dmgs inay be described using sekerdl parameters: 

f ri j,c)ini i?efiiied on the meteor trajectory erpendicdar to the 

3. shlfls i r i  the iecoided start and end points in the direction of the recorded trajectory. (These 
shifts may be de ribed as a deviation of the recorded length and a sliding error.) 

All these e r r ~ ~ r s  ~ r r e  dixussed in. e.g.. [10.14]. 

p i s ,  we o ~ l y  considered cieviations in position angle and transversal shifts. An 

(c-fr i te8n 5 in Section 3 ) .  Only a qualitative assessment of these 
ri almost all insiances, telescopic recordings of meteors were longer 

and rovercd t h  7'V rwordings at both ends (i.e.> when the limited field of view allowed the 
telescopic de+ CY I ~ ~ ~ I J  iif t lie real begialr\mg r e s p e c t i d )  ending). Thic is in agreement with the 
lowen sen4"rvxty o! i he TV system (see above). The  standard deviation of telescopic recordings 
of start as well sts end points is ceriairily below l o ,  probably between 005 and InO. As will be 
seen later, this est i r ~ i  tr  agr b well witla the standard deviation of the transversal shift. 
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real t ra jec tory  

Figiiie 4 ~ The errors invcstiga!etl. Both the deviation in position 
angle (DevPA) and transversal shift (as) have posit,ive 
signs in  the figure shown.  

Below arc: the exact, iidiiiitio1is of tlic: types of errors analyzed as well as some related ternis (see 
a.lso Figure 4). 

P o s i t z ' ~ ~ ,  angle (PA) of a nieteor t,raject,ory: the angle between t'he meteor velocity projected 
on the ce1estia.l sphere (i.e., the direction of the apparent meteor trail) and the north. PA 
is oriented clockwise. 

o Deviation of PA (DevPA): the difference between the PA of the telescopic trajectory recording 
and the PA of the real meteor trajectory (as shown by a TV-camera recording). 
~ r ~ ~ s v e r s ~ ~  shzfi (TS): the angular distance between the center of t'he telescopic trajectory 

the real meteor trajectory perpendicular to the real trajectory. In other 
is the oriented angular distance of t,he direction of the center of the recorded 

trajectory f ~ ~ i i  the plane of the real trajectory. This distance is positive if the  cross-product 
of the TS vector and the projected meteor velocity vector is oriented towards the  observer 
(i.e.) towards the center of t,he celestial sphere). 

A thorough statistical analysis of the errors (DevPA and TS) of 152 telescopic recordings of the 
elow are the main results. It should us TV-telescopic meteors was performed. 

gh ?hat ~ , l l  statements are valid f o r  meteors of magnitude $8 or brighter only! 

Figure 5 - Cnniulative numbers of 152 telescopic recording4 of 40 simultaneou.: TV-telescopic meteors 
verstis DevPA After excluding oiitlyers a riorinal distribution w:ih an  SDPA of 1009 fits 
rather we11 
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1. The  dis-t~ibutton of DevPA zs i u t f ~ ~ r  normal, with a small share of large errors (outlyers). See 
Figure 5. Out of 152 records, four have DevPAs greater than 3 times the standard deviation 
of the reniairiiiig I-j? ~ w - ~ d j ~ i ~ ~  - : ao .  - 38’ and $42’~  
respectively. ‘ lhe other 148 iecoidings have a rather normal distribution with a standard 
deviation (SDPA) of 1009 and a mean deviation of -104. (This value is due to the first night 
of the observing campaign only, which was characterized by a poor recording accuracy-see 
also i tem 5 below and Table 3 . )  On othcr nights the mean deviation of PA was quite close 
to OG. 

TJ;ocn rlcT.-intiens 1 7 - c ~ ~  - I 7 Q o  

’T’abh? 3 h a l y s i s  of the accuracy of telescopic records of meteor trajectories (significant 
dependences only). 

Selection criteria 

All‘ records e x c .  outlyers 

In di i j id  u ii E nights 

I._--. ~ __ 

“Night, 1” (Aug 07-08 to 09-10) 
“Night 2” (Aug 10-11) 
“Night 3’‘ (Aug 11-12) 
“Night 4‘’ (Aug 12-13) 

‘LG o od o b s e rv e rs ’’ 
“Nights 1 to  2” 

“’Night 5” (A~.ag 15--16) 

“Nigl1ts 3 to 5” 

Qther  observers 
“Nights i to  2” 
“Nights 3 to 5” 

~ ~ d ~ 7 ~ ~ d ~ i ~ ~  observers 
Observer nr.  I 

bserver iir. 2 
Observer nr .  3 
Observer nr .  4 
Observer nr.  5 
Observer i ir .  6 
Observer nr.  7 
Observer n r .  8 

“ G o o d  o ti s erv e r s  ” 
Olher. observers 

-104 

-50 7 
-002 
S106 
-100 
-4-0: I 

-203 
$00 1 

-502 
--0c 5 

--300 
$015 
-101 
-206 
$20 1 
-504 
-408 
-306 

-1109 
-3: 1 

SDPA 

1009 

1209 
llP3 
1002 

80 9 
a03 

1200 
90 2 

1304 
80 8 

1104 
808 

1102 
1203 
100 5 
906 

1009 
1108 

1006 
1108 

3-00 05 

$00 16 
+-0P05 
$0007 
-1-0001 
-0006 

$00 15 
--0003 

-0004 
+00 19 

-0008 
$00 12 
$0007 
$0020 
$00 06 
.+0002 
-0002 
10008 

1 0 0 0 5  
$0006 

SDTS 

0051 

00 75 
00 34 
0044 
0040 
0046 

0057 
0044 

0063 
00 32 

0032 
0P54 
0051 
0074 
00 54 
0063 
00 33 
00 38 

0051 
0053 

Nr. rec. 

148 

35 
33 
24 
40 
16 

5 1  
66 

17 
14 

11 
25 
26 
10 
22 
17 
27 
10 

117 
31  

2. Transvel-sal shzfts are quite small due to  the magnification of l ox :  their standard deviation 
equals OY5i;l. Thus deviations in PA are much more imp0rtan.t for radiant determination 
from telescopic recordings than transversal shifts. 

3. There is n o  szgni.jleant dependence  of the a c c u r a c y  ( i . e , ,  SDPA) o n  a n y  of the following 
p a r a m e t e r s :  meteor magnitude, observed length, angular velocity, distance from the center 
of the field of view, orientat’ion of the met,eor t,raject,ory with respect t,o the center of the field 
of view, present e of a train and the observer‘s opiniori about quality. Ali weak dependences 
mentioned in [I33 were found t o  he st,at,istically non-significant or biased by an incomplete 
elimination of outiyers. 

4.  DijJerences in  racy betuieer: te!e  p i c  ? - e C e T d i ~ ? p  Lf 7‘s were rather 
small, b u t  s i . ~ ~ ~ ~ ~ ~ ~ ~ t .  Standard deviat’ions of PA of differermt observers varied from 808 to 
12’13 (see Table 3) ~ There was a small (Merence hetween t’he ”good observers" (cfr. previous 
section) arid the others: the SDPAs for both groups were 1006 and 1108: respectively. 
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5. A n  amportant amprovernent 111 t h e  accuracy of' the recorded PA durang the campaagn was 
found (see Figure 6). In the first night, the SDPA was about 13" (the other accuracy 

after three obsexving nights it becdme stable around 8'-9" (see Table 3 ) .  This tendency 
was evident for both "good" and other oliserwrs. 

paranndcrs being alic: - v ~ (  :T pooi 1 D I I ; : ~ ~  + k c  f vizg 2$t i+ g r d  T I  a:id 

* 

-1 
I 

-I I 
i 2 3 5 

Figxre 6 ~ Gradual improvement of accnracy of telescopic meteor recordings (ex- 
pressed as SDPA in degrees) during the campaign. 

11 shoiild he noted that ""Sight 1" in Table 3 and Figure 5 really includes three nights (August 
07-OS to  09 101, during which relatively little time was spent on parallel observations. due to  
t I O U & .  T l ~ k  formal. merging of three poor nights does not affect significantly the result of the 
analysis mentioned in item 5 above. as those three night are approximately equivalent with one 
good observing night. 

3Zecoi d:?ig p r ~ ~ a ~ ~ l ~ ~ ~  

Section 6. Here- we .ct-ouid like to compare our results with those of Kviz's analysis [ l C P ] .  

M T &  analyzed telescopic records of simultaneously observed meteors during the Czechoslovak 
meteor expedii ion ir_ Scptcrr,lxr 196 $. during x h ~ h  a i w  ' * c  ' 0 ' 59 ',j:?:)c:&rs ::'t'T'L' t;: CJ. 132 
obtained recording probabilities that are in good agreement with ours, provided his magnitude 
x a l e  is shifted over half a magnitude to the larger \Tallies (whirh mag' be diie to dificrent observing 
conditions). 

]'he PXobdblky Of leLUldiIlg lllett2oIS ullgiltel ChdIl rlldglllt i l U l  + b  M'dS ailedcLdy dl>cU~b~U 111 
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The newssiey for siich a shiit is also supported by the fact that the probability of recording 
meteor of $9 obtained by Kviz is only about I%, while in o w  case it must be approximately an 
order of rridgnitridc iargcr . a $  i q  c ~ ~ i d c n t  f v r i  thc  z o t - ~ n - ~ m a l l  pqrtion of rnagnltiide-+S meteors 
in o u ~  iull data S C T .  

However, we inus: repeat that the dependence of the probability (p(m))  on m presented in 
Figure 1 provides but a rough reference for telescopic meteor observations. The  real depen- 
dence wili vary h the particulaa cwndilions (telcscope. quality of observer, sky conditions), 
but the general Cendency (constant recording probability for bright meteors and its gradual de- 
crease towards fainicr ones) is evidently a general feature of each telescopic meteor observer. 
Nevertheless, every sndysis of telescopic meteor observations must take into account that  the 
real dependence of {he probability p(n2, d )  on m and d is unknown, and thus must effectively 
eliminate this problem. Suitable methods are described in, e.g., [4,11]. 

Plo t tmg  errors 

The  analysis of plotting errors on recordings of meteors of magnitude -+8 or brighter, presented 
in Section 7, has several important consequences. 

1. 

2. 

3. 

5 

It is 

S y s t e ~ a t i ( : ~ l  d e v i a t i o n s  in telescopically recorded PAS do no t  occur. T h e  dis tr ibut ion of 
er normal (not, taking into account a few outlyers). Finally, this analysis 

ates no s i ~ ~ , a ~ ~ ~ , n t  dependence  of DevPA o n  a n y  te lescopical ly  recorded meteor parameter  
(such as meteor magnitude, velocity, position in the field of view, etc.). However, this last 
sta,ternent needs confirmation from a larger sample of data. 

All these findings are satisfactory, as they are necessary conditions for the good applicability 
of the an-alyzing methods in, e.g., 1:4,11]. 

ifferences between different observers are small. All ind iv idua l  SDPAs are in the range 
c~f only  a few degrees a r o u n d  10'. This justifies the use of similar criteria for analyzing 

@rent, observers. 

R eg*ular o b s e ?=ti at i o ns are e d e d  t o  obtain very  high accuracies. In  the case of seasonal 
obser~ess? the recordings tained during the first observing night after a long period of 
non-activity a,re very poor (here, the SDPA was about 13' for the first night). After several 
more nights, an import,ar>.l improvement is evident (here, the SDPA becomes 8'-9'). It 

sobable however that for very active observers spending seme ten hours on telescopic 
observing each rnorit, the SDPA would still be lower (perha,ps around 5'). This value would 
be consistent with. S As of very experienced visual observers [15]. 

Even in the case of seasonal observers: the accuracy of radiant position and structure 
determination by the telescopic method is better,  but the difference is not so large as is 
usually assumed. The  difference is caused mainly by t,he very small transversal shift, due to 
magnification. In telescopic work, almost the entire error on the radiant position is caused 

error on PA, while in the case of visual work, the errors on both PA and TS are 

A second reason why telescopica,lly-determ~ned radiants are more accurate is the fact that 
visual metecjrs are iasually seeii at  greater dist,ances from the radia.nt. 

b of interest to  compute errors on telescopically-determined radiant positions and compare 
them with the results of Koschack's analysis [Is]. The  standard deviation of the recorded 
meteor line from the true position of the radiant (SDRP) results from the standard deviation on 
the position ariple ISDPA) and transversa! sh?fht JSDTS).2 

More precisely, the deliation of the recorded meteor line from the radiant position is the angular distance 
between this line a id  the true radiant position on the celestial qplrere 
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It is easy to show that  

WGN, the Journal of the lib10 20:2 (1992) 

where D is the distance betweex radiant and meteor (see, e.g., [ls]). Of course, T 
the same as d in 

Using the values of SDPA and SDTS thdt resulted from this and Koschack's analysis (several 
estimated vaiues arc marked by 6 '?y '> ,  SDRP-values for various cases were calculated (Table 4). 
It must be emphasized that  the vaiues for "'very-experienced observers" are rnos?, probably limit 
values. It seems likely that no other improvement of accuracy of neither telescopir nor visual 
plottings is possible. 

oschack's analysis [15]. but differences are small. 

Table 4 - Standard deviations of recorded meteor line from radiant position (SDRP) 
in various cases. 

Distance field-radiant 

very fast meteors) 

(very slow meteors) 

It is d s o  use'ul to compare our results with those of previous statistical analyses of simultaneously 
ors. Two such maiyses ale of major importance. 

f-?:ygar and Kohoutek [ 141 ancdyzed 515 meteors observed simultaneously during the Czechosb- 
- a k  meteor expedition in . M y  1958. (Binoculars db 10 x 80 and 25 x 100 were used.) They 
forznd that the dependence of SDPA on magnitude had two distinct ranges. 4n each of which the 
YDPP W L S  independen: ef the magnitude. The SDPA was about 8' i 1' for meteors of magnitude 
-1 8 and brighter (this rarLge accidentallj- coincides with the range we investigated) and about 
12'10 * 1'15 for meteors of C8.5 dnd fainter. 

The value of 8' of the SDPA for brighter meteors agrees well with our results, providing the 
1958 observers were somexhat more regular than ours. or the 1958 expedition lasted signif- 
icantly longer than the 1991 observations in Ondfejov. Contrary to our result, Grygar and 
Kohoutek found a weak relationship between the SBPA and the meteor length: shorter meteors 
were recorded somewhat 1es.j accurate than longer ones. 

Another important analysis of plotting errors was made by Znojil et  al. [ lo ] .  They analyzed 
plotting errors on telescopic recordings of meteors observed simultaneously at the Ondfejov ex 
peedltions in August I972 (12 nights. 22 observers) and Ju ly-Aug~st  1973 (8 nights, 23 observers). 
They found a median valuc of the SDPA of individual ohseI:-ex of 10'11 [;-sr)ing from 6'13 to  l3?2 
for different observers.) as;d a median value of SDTP of 0048 (varying from 0025 to 0093). Their 
results are in excellent agreement with our results. Although they did riot differentiate between 
meteors of V - W ~ Q U ~  magnitudes. their results are valid mostly for meteors brighter than about 
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ir8.5.  as only siicli meteors were ofren observed simultaneously [16]. The somewhat better ac- 
curacy of the 1972 73 records was very probably due to the longer duration of these meteor 
cxpcditioris nnd pnntiallg- 2150 to  thc p r ~ s r n c c  of marc regular observers in the 1973 expedition. 

very grateful to the other telescopic observers that  participated in the project: 
A, Petr Halaxa, Kamil Hornoch, Filip Hroch, David KoneCni, Jin MuSinsk? 

Our gratitude also extends to Vladimir Padevet for organizing and and Karel Trutnovsk$. 
performing observations. Much thanks are also due to  Vladimir Znojil for useful comments. 
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in mind that: 

if you intend to go the  IMC i n  Smoleiiice and you have not yet send in your registration form, you should 
do so at once; 

@ the Pobsdum P C Proceedings will appear shortly Ordering information is on the outside back cover; 
we can only put spectacular photographs on the front cover if we receive then. So, do not forget to send 
prints of your best meteor  photographs to WGN! 
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Fireballs an eteorites 

Fir 

Pave1 Spumy '  and Zdenek Ceplecha, OndFejov Observatory 
~ ~ ~~ ~~ 

In the early morning of December 13, 1991, a -10 maximum absolute magnitude Geminid fireball was pho- 
tographed over Czechoslovakia. 

__--- 

A very bright erninid fireball of -10 maximum absolute magiiitude was photographed by four 
Czech stations of the European Network. The fireball traversed a 64 km luminous trajectory in 
2.0 seconds and terminated its light at a height of 41 km. 

The following results are based on all available photographs measured by J. Keclikovi. 

Table 1 - Trajectory data 

Velocity (km/s) 

Latitude ( O  N) 
Longitude (" E) 
Abs. rnagnitude 
Photom. mass (kg) 

B eig h t (k ni 

z R (O) 

Beginning I Maximum light 

35.29 
93.73 
49.0612 
15.1744 

- 1.85 
1.8 

35.07 

28.5 
45.8 
49.126 
15.623 

0.5 
-10.03 

Fireball typt'. I 
Ablation coeificient,: 0.0126 s2/km2 

Table 2 -- Radiant data.  

Radiant (1 950.0) i Observed 

112.81 
s ( 0 )  $- 32.75 
0 ( OI 

( O )  

P [ O l  

Initial velocity (Itrn/s) I 35.29 

Geocentric Heliocentric 

* 31.94 
53.80 

+ 9.98 
33.67 1 

'Table 3 - Orbital data.  

1.277 AU 

0.149'7 AU 
2.413 AU 
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ia, January 2 ,  1992, 2Qh1Qrn 
Pave1 Spurny, QndFejov Observatory 

In the evening of January 2,  1992, a slow-moving -11 maximum absolute magnitude fireball was photographed 
over Czechoslovakia. 

A slow-moving fireball of -11 maximum absolute magnitude was photographed by four Czech 
stations of the European Network. The fireball traversed a 65 km luminous trajectory in 3.7 
seconds and terminated its light at a height of 33 km. 

The following results are based on all available records measured by J. KeclikovA. 

Table 1 - Trajectory data. 

Fireball type: I or I1 

cient: 0.0171 s2/km2 

Table 2 - Radiant data. 

Table 3 - Orbital data.  
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In the evening of February 2 ,  1992, a fast-moving -13 maximum absolute magnitude fireball was photographed 
over Czechoslovakia, 

A fast-moving fireball of - 13 maximum absolute rna,gnitepde was photographed by one Czech 
and one Slovak station of the European Network. The fireball traversed a 130 km luminous 
trajectory in 3.1 seconds and terminated its light at a height of 44 km. 

The following results are based on all available records measured by J. Keclikovi. 

Velocity (km/s) 
Height (km) 
Latitude (' N) 
Longitude (' E) 
Abs. magnitude 
Photom. mass (kg) 
z R (0) 

Beginning 

37.76 
96.9 
48.162 
18.644 

.- 3 
56) 
65.7 

Maximum light 

36.55 
58.6 
48.012 
17.528 

-- 13 
30 

Terminal 

11 
44.2 
47.951 
17.099 

none 
66.6 

- 4  

Fireball type: E or I1 

Ablation cseficrent: 

Q [Ol 160.5 
6 (OI -+ 25.3 

P 
Initial velocity (krn/s) 37.76 

Geocmtric 

L61.8 
-p 24.3 

35.79 

Heliocentric 

103.5 
+ 14.5 

37.73 

Table 3 - Orbital data. 

Orbit (1950.0) 
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A fireball is reported, apparently intersecting the galaxy NGG 253 on a photograph with the U.K. Schmidt 
Telescope in iiustralia on September 8, 1991, between 15"4Trn and 16h47m UT.  

The photograph on the cover of this issue ows a galaxy ( GC 253) being zapped 
by an extremely bright fireball; however, iiferent ranges mean that this was not 
really a celestial near-miss. This galaxy is at Sm, 6 = -25'34'. Since there were no 
other reported observations a radiant for the fireball could not be determined. The observer who 

The photograph was taken on September 8, 1991. d this plate was Dr. Shaun 
-miuutes exposure started a UT 

The print Covers eld of about 005 by 007, only a small part of the whole 604 square frame 
taken with the U Schmidt Telescope (for another example of a photograph taken with that 
ifistrurnernt see t GN 193, June 1391). T is fireball covered almost the whole of 
the frame Trorn t only the beginning bein een here in an expanded view. This is 
by far the brightest fireball recorded amongst the 15 000 plates exposed with this telescope since 
it began operating in 1973. 

oto will most likely a 
c reproduction beyond 

issue of Sky and Telescope; high-quality 
is required to see all of the details so that 

there is no p i n t  in printing it here. 

owever, there is something of interest in the photo for both meteoriticists and meteorologists. A 
notable feature of the complete fireball is that  s h c e  it oduced a persistent train, wind-driven 
distortion of that train was clearly seen, the wind di anging with altitude; distinct 
inliomogeneities in the train are also evident. Even in this short portion of the trail (about one- 

of the totsl length, and the dimmest part) the actior? of the upper atmospheric winds-of 
order 100-200 km/h  at  meteor heights-in dispersing the train can clearly be seen. 

One oflier thing recorded in the photograph, which may be just glimpsed, is a faint satellite trail 
which also cuts across the galaxy, and indeed the path of the fireball too. 

Me+mrs are not very often seen on Schaii t plates for a number of reasons. The U.K. Schmidt 
ertusej to the Oschin Schmidt at Palomar Mountain 

operation in the late 1940~~ when meteor science was in its 
of the early plates in his meteor studies: 
be estimated from the amount that the 

ger twin in size (1.2 rn 

trains were out of focus. 

Reports are brought to attention concerning a meteorite -Call on t,he evening of March 11, 1929, in Belgian Congo 
(iiow Zaire). 

r. J.Fo Carrington, lived and worked in Zaire as a teacher and missionary €or most 
of his life and was an authority on the Lokek river peoples and their drum language. While 
conducting research into early church records of this area, he found the following account. 
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.I 929 Mo,rch, 

the people of ’c/;ikusu saw a large meteorite going down-river in the evening of March 11 
th.eii we heard i t  explode down-ri17er. IIVe would be gratefd if 2 village teacher or anyone 

who saw i t  come dcxwn to Earth would tell us where t,hat was and wh.at happened t,hen.” 

4 i’ t L e: r ,fro m 130 e e ~~~~~~~ lo April I 
‘The sta,r we call a, meteorite, I saw that star in e north as it looked. a hit like lightning though 
srrdler ,  and as it, wa,s moving at great speed B1 ot err1a.l ileodo II y d.rowned because I was in 
my smdl came  so as to go more quickliy on rriy journey, a d  I ju  man who has 
an epileptic fit. 1 saw a big light 0ver t,he river, i t  shone c~ver a11 e and over their 
netss, it shone over the whole countryside. It came frcxn I h e  north a er to the south 
and there it fell like a great fire. fter i t  had fallen I saw lights in b hen I was able 
to see the stars again. After it fell to arth we all heard trernendor.~ thimndering: Kwu-U-U and 
everybody around shouted ng like this before and I am 26 or 
27 years old, though there ember 1928, I marveled that such 
a miracle could take place.” 

Letter 4;om Eyalano 1sa.iah. 
“To my friends at, .S. Uakusu. You asked us teachers in the v ages to let you know where 
the meteorite fell. 
where the meteorite fell. It was between Lieke and ‘Y’&la,~ Friends in very truth,  that place 

fire. We xnarvel 

Note: Eieke’s position is a ~ ~ ~ r o x ~ ~ a t e ~ y  X =: 2 4 ” W  E, $0 :=: O”4-0’ N, on the East bank of the 
aire, ,with Yafela  son^ distance west of the river in the 

D:.. tkriug:csai has told m e  that before the white-man came to  that part of Africa, the native 

-0-0. We have never seen a 
a small one on the 24th of 

Liyalano Isaiah and KaMeoEa Sanyml? tea rs at Ilambi, saw the place 

looked as thoug omeone bad cut down trees with a big axe. The grass had been burned with 
in.deed at the affair.” 

utary of’ the River 
elgian Congo). 

MWE I I S ~ I I ~  t ~ m l s  K Y M ~ ~  from meteoric iron and i?-ra,t tizey were magnetic. 

Grri a t  eur observations of norti:ucent -cloud phenomena durrng 

erit clouds caii he seen at  nig t in summer w up, lies between 6’ and 12’ below 
on, f rom abiiu; 50’ -65’ latitude in either hemisphere. They are thin ice-crystal clouds 
mi a1 arcmiid 80-90 krni altitude. This means .chat they are st411 abl to reflect sunlight 

an(1 rem an visil~le w!de 1 he “ordinary” tropospheric c8o-ceci (which nornially oes not exceed 12 
k w  ~ l ~ i l n t l c  CPI’ so) is Zu darkness, hence the name which Literidly IIE!US “sh 

‘Tlse t-1uiids do nor  t r a : ~ i i ~ -  on eveiy s immxr night, an,4 their formation may be associated with 
hipbea thau mormal levels d meteoric didst in. the upper atmosphere. They may also be indicators 
of the prcsence o f  high- a’bi iTude methane concentrations. and thus may possibly be important in 
OW ii~idcrsi anding of the behavior of the global atmospheric ecosystem as a whole. There is some 

ggest the c4ouds are less frequently noted during pe~iods  of increased solar/auroral 
ps as a resialt of aurorae heating up the l o ~ e r  thermosphere, the layer just above 

ummer season are requested. 
______ __ ._ _ _  

the region A h e  noctiluceril clouds forui. 



bservations of the presence or abs ce of noctilucent clouds on every clear night during the 
summer are needed to ensure we bui up as complete a pattern of cloud occurrence as possible. 
If noctilucent clouds are present, detailed measurements of their angular extent, brightness and 
appearance every fifteen minutes are needed (made on the hour, half-hour and yuarter-hours), 
either visually or photographically. If auroral activity is present simultaneously or on the same 
night, it is important to record this too. 

Professional scientists presently rely almost sole on amateur data in this field, especially for 
long-term noctilucent cloud studies, SO all contri tions are very welcome. 

Observers in North- Western Europe only can obtain more detailed instructions from: 

ervations of the phenomenon made from this region should be sent. Interested 
er parts of the world should contact their nearest major amateur astronomical 

organization, either regional or national, for details on where the noctilucent cloud coordinator 
for their area. Please try to enclose return postage (stamps for the same country, an 

11 others) when writing to any of the above. 

noctilucent cloud watchers, p a r t i d a r l y  ishose in the northern hemisphere, where 
ugust noctilucent cloud “season” wi31 shortly be starting. 

s 

Activity detected y JAS Meteor Section observers from the U.K. between September 1991 and January 1992 
is briefly reviewe No~aPsle events included a possiSle “burst” of Taurids fireballs on November 8-9, 1991, 

ion that fainter Geminids reach a maximum in advafice of the main visiial peak, and a higher than 
uaalrantid return. 

a .  cdi 

eteor  Sectzon visual observers enjoyed some further success after the 1991 Perseids, 
with conditions articularly good in September an cember. Ten watchers spotted 2199 
meteors in 273h4 from September 1991 to January , inclusive. The observers were: 

win, David Jenkins, Craig Johnson, Ric 
a th ,  Steve Phipps, Graham Pointer, Ian 

d Livingstone, Tony 

2. 

Global -magnitude distributions for the S- Aurigids, Taurids, Geminids and uadrantids are given 
in Table 1, along with combined sporadic figures from September to November (§-N) and De- 
cember to January (D-J) for comparison. Table 2 contains train details for each shower and 
the two sporadic groups. The often small number of trained meteors made a more thorough 
analysis, as suggested in [I], impractical. No meteor fainter than magnitude +3 left a persistent 
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train. 

Table 1 -- Global magnitude distribut,ions for the iriclicaied showers and sporadncs, 1991-91 Fall- 
Wintkr . 

.- 
Lrn 

6.12 
5.87 
5.77 

5.60 
5.90 
5.82 

’Eh1,ble 2 - Global trained meteor numbers ( N ) >  percen+apc,s (%t j  a d  mcan durations 
(0) in seconds, per rnagiiirude class liir t:ie ~ z r i e d  s h o w + ~ s  apJ sporadic 
groups, 1991-92 Fall-Winter 

‘B‘able 2 - continued. 

a 6- s 

This shower was oleer veci as an iridivldudl stream for the first time by the 
this, these meteors would have been classed as ““a- Atrrigids’ (see 121)~ 

were seen. 
6MO suggestts (as in / 3 ]  for ir istanc~.),  and about o w  it1 three left fraius. 

in 1991. Before 
w activity was 

teanber-October, never II~QIT than 6 meteors per hour, and obvious maxima 
relatively small amount reliably witriessetl seemed to  be generally brighter than 
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Poop. weather made for patchy Ta,urid. observat,ions, and while t, e magnitude and train data 
seen1 reasormkile enough from past retiarns, they cannot he seen particularly enlightening in 
view of the low meteor numbers. 

e tables above is of interest, however. The Iiight of November 
8-9, 1991, brought a r auroral storm which was very widely seen over much of the world. 

s ~ ~ ~ ~ s e ~ u e ~ ~ t ~ y  a number of casual ~ e p o r t s  of good meteor rates were received, in spite of the 
greatly reduced liriiitirig magnitude due to the a,ll-sky auroral L%ght pollution” 

erienced meteor uroral observers coniniented that 17~1 T numbers were igher than they 

11s. A large amount 0 the meteiirs from this night. were attributed to the Taurid 
streams, though the casual nature of the reports preciudes their inclusion in the normal analysis. 

uctive, the hour asourid 3h U’T, From that time, 
e received. Uniorttinately, few reports gave any 

useful details, since most watchers were clearly far more i~ te r i t  on t,h aurora than meteors, 
but a minimum of four actual events---probably all Taurids~-seern to ave occurred between 
approxima.tely 22‘4-P and Zh 15“ UT, the brightest, of which was estimated at magnitude -10. 
If correct, this may provide further evidence of 6‘c1umgs9y of fireball-producing ma,terial within 
the Taurid streams, much as the various Taurid p p e r s  ;md references in 

It is perhaps worth noting that reliable observers active once the aurora had lessened in intensity 
(after O”---2h UT, depending on location) recorded normal Ta-iirfd rates, but no further fireballs. 

n e  poilit not illiasdrate 

Clear skies in the IJ. eaiit inany observers were alerted a i d  were outdoors observing, and 

from previous a1zrorai events, and many we Ieas~nt~ly surprised to record one 

especklly seemed very fireball- 
an 15 separate fireball reports 

GN 20:1 suggest. 

Conditions allowed several observers a useful view of th 
14, IVhen a. Il1ean of about 100 was recorded. This 
night, arad feu aw 

erninid maximum on December 13- 
cl dropped to 
imum period er t,his m-uch as usual. The pre-r 

ies generally, thoug some reports showed the trinmble beginnings of activity earlier in 

91, a fact which almost 
inids were recorded on 

es concinded some eight hours in advance of the 
is is riot too surprising, as it has been known for 

of the main visual maxirnum. This is a useful 
?ding’s form.rila 141 irnplies A 0  = 26200 & 0005 
nly (a,llswin.g -+0?’7 for precession from epoch 

assage through the 

ne curiolls feature was the I-SIUCh fairztm nature of the Geminids in 
cer ta idy  reduced their train 

predicted peak (due 
some time that fainter Gem 
apparent ~ ~ ~ n ~ r ~ ~ a t ~ ~ ~ ~ ~  of ea, 

owever, as the 
the rna,xirnurn night 

the watch tixnes here ( out 2h UT), which 
his may suggest a small charr e in the Earth’s 
[4] was collected. 

S 

Only one observer, the author, was able to  cover the Quadrant 
ata, in Tables i and 2 need t o  be viewed with so 

work is never’ enough reliable judgem.en.i;s on, no matter 
verall pati,ern of previou 
anuary 3-4; 1.992, progr 

maximum in 1992, hence the 
caution. A single observer’s 

experienced t.he individual. 
and the mean magnitude 
ates were about 120-130 

meteors per hour at best, though the higher peak reported elsewhere a,t ahout dh30rn UT could 
not be confirmed owin to clouds. A variable limiting magnitude, thanks to haze, was also a 
problem, but from a personal point of view, the night vvas very interesting indeed! 
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o t t s  the JASMS observers, whose i onfributions and sup ort continue to  
x n k e  these ieports possible. 

“ ,  ‘(Meteor Trains”, 1991 I roceed21235, % x i  p:ess. 
A . ,  "Possible a- and S-Aiirigid Activity” ~ bruary 1992, pp. 36-39. 

., “T’E’he Time oi minid Maximum as isual Meteor Magni- 
COTl?p?iJCr), “1991 eteor Shower Calend 

tude”, . ~ O ~ r ~ ~ , l  rit. Astron. ASSOC. 94:3, 1984, pp. I 

Observations csf the 1992 Quadrantids in Spain are presented. 



WGM, the Journal of the IMO 20:2 (1992) 93 

r in Spain 

The 1992 Quadrantid and Coma Berenicid activity in Granada, Spain, from January 1 to 4 is discussed. The 
position of the Quadrantrid radiant was photographically determined. A possible increase of Coma Berenicid 
activity is commented upon. 

the first week of January 1992 allowed a very successful 
from January 1 lo 4. Some other showers were rrionitored as well, such as 

adrantid campaign 
Coma Berenicids, 

ajorids. 0 bserva,biozls were made simultaneously by Antonio 
da, Spain, during " E k Z  of effective time. Table 1 summarizes 

ons and train data for the 991 rneteors seen. 

17 49 201 194.5 77 3.5 
8.5 22.5 41.5 22.5 4 

5 1.5 0.5 
1 0 0 10.5 0.5 1 

In the following paragraphs we will comment on some interesting features of these showers. 

6 

anhid return was noxna?, reaching a 
4. There were some cases of sinnult 

R of 105 i 10 between 5h00m and 6h20m 
ty, most of them with two meteors and 

se~dorn~y  with three. Prom 3 h ~  6"20m UT we conld detect 9 such appearances. Counts 
were carried out in five-minutes Is, The nraximi~m five-minutes' rate was 13 Quadrantids. 

etween ma,ximurri intervals there  were some deep gaps, the most important of them 
4~ and $ 5 ~  IJT. 

h t s  showed 16% of the uadrantids with a t,rain, while during the maximum, 
a h .  As the niamber of eteors tnsed to compute t,he first rate is low (32), this 

by selection effects. However, more data  are needed to find out whether 
this feature is real or riot,. 

ri the night of Jan ary 3-4, also phatogra as carried out. We re able to catch 
meteors, 5 of wh-i were Quadrantids. T us t o  compute the adrantid radiant 

position with fairly high xcuracy. Four sf these meteors came exactly from a point-like radiant, 
while the other one deviated a little bit probably due to different orbital elements. The apparent 
radiant based on the four meteors, was located at a = 22736 and S = 5007 (1950.0). Correcting 
for zenithal attraction results in Q =I 228?7 and 5 = %@7. 

These valms. shod$ be compared with the p h o t ~ ~ r a ~ ~ ~ ~ c  radiant of tke Quadrantids obtained 

6 2 4g3 f lo,  and the uadrancid radiant position at maximum at a = 23031, S = 4835. 
Clearly, the di erences are explained by diEerent orbits within the stream. Although almost all 
nreteors come from a radiant of 3' of diameter, larger deviations remain possible. 

* Trig0 during t 1987 return [ I ] ,  not corrected for zenithal attraction: a = 230' f lo, 
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3, a s 

was the most int 
activity of Coma 

ng of th.e whole cati;ipai 
nicids. That night we 

rn January 2 onwards 
order failure, but the 

erenicids were 

al. This behavior coritir~i~ed during the fohwing nights: on January 

suihor remembers that in an effective observing time 
spotted, yielding ZRR around 5. As this value equals 

3, we detectqd 1 

Maxirnuwn act iVit 

ellicids in  ah^, frosnj 4hi51n ' t i~ i  5 " 3 ~  TY i. 

betweell 1 " ~ ' ~  and 3 " ~ ~ ~  UT oil Jmnary  i ~ ,  with a, z 
a population index r' = 3.38 4: O*X?. Perhaps the high activity was 

ough the computatioias were consistent. The uncertainty 

would still yield Illore or iess the sa,me , as the limiting 
activity seems real a c n l y  perceptio Id decrease the 

Pievertbeless, a lower p 
m.a.gnitude was 6.35. 
zenithal rate obtained. 

The mean magnitude of the Coma 
train, which Is a b o ~ t  6%. Alt 
lo.ivc.r (for sporadics, we got 9 
i r  $1~:: w ~ s  r' = 3.87 k 0 , X  if. 

erenicids was ~ $ 6  5 == 3.11 with on y 6 meteors showing a 
gh r n 6  5 is s i r d a  to  that of the sposadics, train rates were 
m 319 meteors). n she oilier hand, the sporadic population 
meteois), about 0.5 higke; than for the Coma 

we also observed some ca-&eonlds and ~ l ~ - C a n k  MaJc d;. None of the= left a train, but then 
'ah: number of shower members was also very low. The apparent angular velocity of the w-Canis 

seemed to h e  j'ery ir~.ey&x- ::vtxi .with ni&s with no meteors seen. 
orids wa.s set to medilLrK1, so tltmai; the geocealt velocity wodd be around 35-40 km/s [2]. 

bke &round the @xi rantid ~ j ~ ~ x ~ ~ ~ ~ ~ ~ ~ 9  I think it is 
renicid activity was unusual. ~ o ~ ~ a r i ~ g  ZHR values 

d c ~ i t e r i o n ,  as these minor showers 
ard values are merely ql"Cen do not have a w e ~ ~ - d e ~ n e d  maximum, a 

z"natr.tes based on scarce i n ~ o r ~ ~ ~ ~ i o n ~  

her hand, there can be no ~~~~~t that th 
~ ~ j , n ~ ~ ~ ~ ~ ~ ~ ~ ~ , ~ i ~  ~ ~ ~ ~ ~ ~ ~ ~ n : ~ L ~  ns c ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ; ~  ind 
o ~ ~ ~ s e ~ ~ ~ ~ ~ r ~ ~  ~ ~ ~ , ~ r . ~ l ~ y  sceptical t o w n ~ d s  

erenicids were istinctively present 
d e n t  sources reported this (see the previous 

w e m  confirmed the presence of the 
e ~ ~ i ~ ~ , ~ i n ~  of Chis year. 

These i' $92 Coma Bere~ticid observations shoiu how minor  showelas s ~ ~ u ~ ~  be de tec t ed :  i n d e -  
, ~ e ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~  b y  various observers and noi  by starting from s eone's favorite list of hundreds of 
radiants ~f which one  t r ies  t o  deiect  activity at a.ny cost. reover;  I take  this occasion to  re- 
peat  my pket  to o b s e  ers interested i inor showers /,s pr.od,uce ~ ~ ~ ~ h - ~ u ~ l ~ t y  data through. very 
regular ~ ~ , s ~ ~ ~ ~ ~ i ~ ~ ~  a n  rcsp ecting Ralf c/ i .a&' ,~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e . ~  in last year '-3 December issue. 
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Observations of the 1992 Quadrantids in Simferopol, Crimea, are presented. 

uadrantid shower in 1992 occurred in the morning of January 4 at 6h 
ween January 2 and but the night of January 2-3 was clouded. The 

the night of Jani~ary 3-4, dnd even good during the following night. 
about one hour in the night c nuary 3-4, but the limiting magnitude 
n the sky closed with haze. 

Levina (LA). Table 1 shows the rates 

‘We had an open sky 
was low (5.0-5.2). €oollowiizg observers participated: A. 

I /  lable I - Quadrantid 2nd corresponding sporadic rates registered in Simferopol, Crimea, 
on January 3-4 between 2h50m ad. 3h45” UT.  

’We had a low limiting magnitude and very high correction coe cients (4.2-4.5). As a conse- 
Rs range from 280 to 3%0! This 3s very high. In [1] it is stated that the activity 
180- 1120. Alternatively, we used the method of Belkovich [a] which yielded val- 

ues arcaixnd 11 8-13 for the same observers, consistent with [I]. The method of Belkovich gives 
reasosidhle results nder poor observing conditions, contrary to  the IMO method. 
In the follow nights, we id not see many uadrdntids: one in the period 17h-18h UT on January 
4-5 and two in the period lh-3h UT on January 5- 

bservers’ Notes: January-February 1992”, WGN 19:6, 

.s. Levina, V.V. artynenko, “The Activity and Struc- 

13 ser 

r S 

uadrantids, are the first meteor shower a radio observer can detect. It is known 
ity period and its  narrow maximum which can be easily missed. This and the 
activities make this shower easily neglected. In 1990 however, several observers 
tor the Quadrantids and sent in their observations: 

aemers (the Netherlands) 
biic ( h e r v a t o r y  Uranirz ( 

(Germany), G.M. Kristensen (Den- 
irk Artoos (Belgium). 
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Together, they heard 4191 meteor refiections. All the observations were entered into the RMDB. 

2*  mcti 
A a  US ual, ctbservatiaxis were checked on cars m d  OLE L'; J<> Iroris :aszing less than 30 minutes 
sic: not used in this a m l y ~ i s .  Still some g 30 minute-intervals. However, 
such an observing period is statistically rarher critic d. W e  stiongly recoinmend these people t o  
lengthen their observing interval t o  one hour. 

I I 
---I__ __l_ll____l_l__I -__  , 100 -_l_lll_l-_ll 

1 H j 0 :L i P o  , __  3 
27 280 282 284 2 278 230 282 284 286 288 

Figure 1 - Lej?: Corrected numbers for the 1990 Quadranit,ids ul~servations by Dirk Artoos a t  66.45 MHz.Right :  
Corrected numbers for the 1990 Quadrantid observatdans by Goifred Mebjerg Kristensen at 100.50 
MlIZ. (Epoch 2ooo.o) 

A ~ Q ,  several observers listened on one or T T K X ~  &ys cI.uring irregular intervals, which made their 
observations incomplete. T gave no decent resalts. The method of reduction which was 
applied is described in [I], rrects t8he observa'tions for the sporadic activity and the 
rii.tliantt motion. The results b presented in Figure 1. The Y-scale is 
not an absolute scale but a relative one. 

is ,  the maximum of 
ne Qua,drantlds was calculated, yield )?  Note that as this 

i s  based 011 a* snral! amount of ults. For the future, 

oth results show a high increase arourrd Xa = 283' 

i;'m anodysis ca.n be carried out. 

rence 
[I;] ,I. Van Wassenhove, (' - 1 9 2 ,  April 1991, pp' 65-66. 

ids 

rm+ i kit: previous ~ W C P  or thr rs, several Edrtli-grazing astero:ds w ~ r e  dis~overed some of which 

nd I863 Antinous ( ) couX have caused meteor activity. 
As can be seen in Figure 1 showing my personal observations. 1981 Midas can claim a part of 
the naeteor activity, hut only during the secon observia:g caiiipaigia around November 20. An 
czciditional argument in favor of this hypothesis i s  that duririg this second period, there were more 

i m s  with long duration (at least 1 s ) ,  more specifically drourid the date of the theoretical 
maxi murn. 

le others prod1rce llothirlg all. In &$arch and April 1991, 1981 
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Z . L . Z O ~ B . P  
15.5 

x n a i l a s  4 1 a / 3 3  : Sr-3 - >  14/53 4r1aa ->  3 ~ ~ 3 0  (u .T . )  R . C .  82.4 i 5 . 2  
it nzilas ( 2 ~ 3 )  : 4i.e - )  z s / 3  7 1 - a ~  - >  71135 **  R.C. 6 3  t P 7 . 3  

Q iv1a5 ->  l a - ,  ic .  '* A.C. 4 3 . 2  k 5 . 2  Y 1530  c : 1w/z -> 14/B 
A A n t  inous  : 3/-2 - >  i/4 
%# K i p p i  Cysr.id+ : I J J E ;  - >  t l , 8  P 3 h 4 5  ->  O h 1 5  '* A.C. Ec + l C  

z1-,45 ->  3*&='a P# A . C .  77.6 k 7.6 

Figure I - Radio observations to detect possible activity from Midas, Antinous and 
Comet 1990f.  

For the first encounter (A, = 35002) we definitely have a negative result. The same holds for 
1863 Antinous (A, = 1509) and for Cornet 1990f which could have produced activity in mid- 
February. This last fact was also confirmed by radio observer Norihito Kawamura who worked 
around the dock during that period (February 10 to 15) . Unfortunately, the second encounter 
for 1990 f (mid- ugust) was overshadowed by the Kc-Cygnids which had their maximum around 
August 18 (A, = 14407). It is perhaps a good idea to search €or visual meteors in records of the 
Perseid observations. The radiant was located at a = 32505 and S = -1405 near 6 Capricorni. 

L? / krl 

3h->  31130 (U . ? . > 
? r 7  v 

a aa .03  

l-'TI ,-"- 7- 5. L .2090 .a  -+. I,---,--,- T- ,--, 
13 a a 

7-7 .%A ca .E: 1 i3.09 

Figure 2 - Radio observations to detect possible activity from 1989 UR and 1991 BA. 

A few months later I had more luck. Not only the Arietids and 5-Perseids were active, but 
two asteroids (1989 U A) were also likely responsible for some meteor activity 

>. Comparing the activity profile with 1990 [1,2], the high peak possibly caused by 
(A, = 79050) reappears in 1991 at A, = 80021. After a two-day depression, a third 

peak was found at A 0  = 83008 maybe caused by an injection of asteroid material from 1991 BA. 
After this, the number of echoes went down to normal background levels. In Figure 2 you can 
alsO notice a few triangular dots indicating the June Lyrids activity observed during five days 
(June 14 to 18). There was an increase at An = 84003. In 1990, a peak occurred at A 0  = 82'/96. 

These results are of course personal. Are there perhaps amateurs with other results? 
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ntids 

An overview is given of the author’s radio obseriations f m r n  lIaw!iup, T k ~ m a r l c ,  of the Geminids and the 
Quadrantids in the  winters of 1989-9 , 1990-91, and Y991-i42, Rates for all radio signals respectively bright 
signals are compared. 

If their is some doubt as to  the genuine character of i a d l c i  activity throughout the year, all doubts 
vanish when the Geminids arrive. A few weeks latez, also the uadrantids confirm that radio 
observations represent seal meteor activity. The anaximum houriy rates for all radio meteors 
(both bright and faint) during the previous three winters was as shown in Table 1. 

Table 1 - hfaxirnurn hourly rates for all r a c h  meteor signals (both bright and  
faint) for the Geminids arid Qua&-imds 1x1  GEL^ winters of 1989-90, 1990- 
91, and  1991-92, a s  recorded by the author 

I989 
1990 
1997 

1990 
1991 
3 992 

Table 1 - hfaxirnurn hourly rates for all r a c h  meteor signals (both bright and  
faint) foi the Geminids arid Qua&-imds 1x1  GEL^ winters of 1989-90, 1990- 
91, and  1991-92, a s  recorded by the author 

Dec 13, 04h-05h 

Dec 14, Q4h-05h 

J a n  03,  12h-13h 

DCC 13, 04h-05h 

WTill$, t h e  bnight lgure 1) indicate that 

Visual observations ~ 1 ~ 0 1 7 ~  r s ? ~  prebeirice of bright meteors and fireballs, 
Qiaadraaitids pro ce sevexai firehails, or at Ic ght meteors. This is 

rmd SlbIpriSiJlg, of co 
eb pecially Gemi nid 9 * 

c; 

ecember 14-15 I saw several erniriid fireballs, one of which was 
T, A h in t  thunder arrived at 23h51m42s 

jcate that i t  may have reached an altitude of 

erninids per hour around the maxirnum. 
period, you will see 
ecember 14 than on 

e at lectst -8. It explo 
U‘1’. ‘Ti-liS thun 
4CE k m  or less. 

Figinre 2 ( r i g h i )  slmvs the distrib 
If‘ you compare i t  v i t l i  Figure 2 (left), slio-clring all radio meteors in the sarr 
that the percentage of Ilright Geminids is much higher 011 the rnorning of 
the rnorning of Decexnnim 13. 

Figure 3 indicates that ihr Quadrantids 
in WGN 2O:I (F~hruas j -  iXE!). 
tjle ia-norniiig of Jiantia~y 4, many 
drifting c!ouds. Tn the night of January 4 5, I saw airnost no 
had dropped to almost noxhing. 

2, as was already mentioned 
nne-i:k was almost cloudy, but late in 
en through the openings in between 

uadrantids, and also radio rates 
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Figure 2 - The 1991 Gmiinids: comparison between rates for all signals (left) and for bright signals only (right). 
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Do not miss it! 
International Meteor Conference 1992 
Smolenice, Slovakia, CSFR, July 2-5, 1992 

The 1992 International Meteor Conference will take place in the Smolenice Castle, 
in most beautiful surroundings. Already now it is clear it will become the most 
international IMO event ever. Participants from the former USSR, Canada and various 
European countries have already registered. 

Immediately after the conference, a professional symposium is taking place in the 
same building, providing amateurs and professionals with a unique opportunity to 
meet each other! 

Do not be late! In the previous issue, you found more information about the 1992 I M C  
as well as a registration form. If you intend to participate and have not yet returned 
it to the local organizers, then do so at once! 

As usual, the IMO will publish proceedings of this IMC.  

Available very soon: Proceedings 
International Meteor Conference 1991 
Potsdam, Germany, September 19-22, 1991 

The proceedings of this International Meteor Conference will be available soon. The 
book will contain articles about various fields of meteor astronomy-almost entirely 
covering the conference. 

Included are: visual and photographic observations, radio meteor work, telescopic and 
video observations, new techniques in meteor observation, data processing, investiga- 
tions on meteorite events in the past, meteor physics and the International Meteor 
Organization it self. 

These proceedings are published by the International Meteor Organization and can 
be ordered at only 10 DEM per copy (surface mail delivery). Note that the pro- 
ceedings were included in the registration fee for the participants of the 1991 I M C .  
Non-participants can order these proceedings already now in the same way as paying 
for W G N !  




