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Useful Information 
The December Issue (WGN 23:G) 
The December issue is anticipated to be a thick issue and will be mailed towards the beginning 
of December. Contributions are due on Souember  10 at the latest. They should be sent to 
i l larc Gyssens. 

A d min is t rat ive C or r es p on d en c e 
Ordering LVO publications is done in the same way as paying subscription/membership fees. 
Complaints about not receiving WGX or changes of address should be sent to Paul Roggenaans. 

All addresses can be found on the inside of the back cover. 



From the  Editor-in-Chief 
.Wn r'c G yss e n .5 

11e.spite ci steady zi iput  pou; of articles,  oryaniscliioitai circumstances f o m d  rrie to  restrzcf  thzs i s s u c  to  ci i x g i i l o i ,  

OrLf;. A probably extru-thick i ssue zs p1aniit.d fo1- f1weiritii.r. ri fltoiiyh t h i j  i s sue  is "orily" ii r.cgiiltrr. o r ) ( ,  I I  

r o  11  t a z 7 1 5  (1 lot of i rnporta 11 t i nforni CI t io r i ,  h O I L C E U ~ T .  

L u t  year, t he  Jirst--though still modest-- leonid o u h i r s l  iii ( 1  Lorig t i m e  w a s  seen, probably f l i t  f irs t  "nrinoriiirc~,- 

i r i t : n t "  by th,e stream of the antzc ipatcd  ecents  townrds the end  of t he  century.  Informatiori o n  l a s t  y t a r '  
vntroris arid hint.7 f o r  th,is year's obserrxtions are contained in n new ILi5' Aulletiri .  Also i n  thzs issue.  
p n l s  t o  rc.si the  recerit .speiulritzons on  a relntzoizsliip between the Y 1 1 1  t 2 tl.5 0 1 1  d c o  l l f  c t H n l  i-- H o / q ' .  
l i x i i ~ t i  inore cibout l he  1995 Persezd mcirinium, 2clzzch Japaiitj.se obs r n  on z t o red by 1.0 d i  o. 

l.,a.st but riot l e a s t ;  there w a s  also tlie I M C  in Braridenburg, Germany;  whzch u:as one of t h t  triost s i i (  

YOU m i i  r w d  a n d  sce more  of thi.5 fur theron  in this zssue. :l'e,zt year,'s I l fC uzll be in  the .LTethei,laiids. I f p ) i i  

I I ' (  w 7 7 0 1  Z I I  Nrii i id~nhi i ig ,  do riot m i s s  t h i s  un ique  opportunity to  rriret y o u r  fellou: rrieteor. obser~rc I'.S f h i s  l i i i i t  ! 

Christmas a id  Other Greeting cards through the  IMO! 
God f I -c .y H u 1 $a ~ l , ,  i i i o 

-~ ~~~ ~... .~ _~ ~~~ ~ .~ ~ 

or Group of tlie Mal ta  i lstroriomical Soczety is printing a set of four original full color carcls i v l i i d i  
shoi~lrl appeal to meteor watchers and WGJl7 readers. 

t,wo are Christmas cards, displaying two scientific explanations of the mysterious "Star of Betlehein:" a 
atiirn triple conjunction in Pisces in 7 BC: (order iia.iiie XMAS 1) and a Jupiter-Venus triple c~oiij~incl~ioii 

i i i  1 x 0  In 2 B(: (order iiaine XMAS 2 ) .  The second two are versa.tile, opeii cards-suitable for ally o( 
depict ail ai-naleur ohservation of the Perseid Meteor Shower (PERS) and (keeping in mind irniiiiiicnt~ I91)M) ii 

tiisplay oi the Leonicl Meteor Storin (LEON). 

XI1 foiw illustrations represent the skies faithfully. There is no artist impression of t h e  stellar backgrouiicl, I I L I ~ ,  
an exact representation lliaiilcs to  roriiputer software which a1lon.s the recreation of the st,ar ba.cl<groiul'tl at ,  aiiy 
location a n d  da te .  

Say Merry Christmas,  Happy Birthday, Thank You, or Happy .&nniversary to  your relatives and friends. i 11 

piu.  coimtry and ahroad. while at, the same time passing on some astronomical knowledge, at quite cornprtit,iw 
price&. 

A11 four cards a.re standard size (148 1-nmx 105 mm),  are accompanied by envelopes, a.nd cont>ain a bri 
( in  English) of the depicted event on the inside left side. 'The Christmas cards contaiii 'Season G I ,  
in a.11 major European languages on the  inside right side. 

The  IMO has kindly accepted to serve as an  agent. WGiV readers and their friends may order cards thrciugh 
IAl9O Treasurer Ina Rendkl .  with whom payment is to be lodged. The  Malta Meteor Group will be responsihle 
for sat,isfying orders by air inail. 

Do not send cheques to Ilia Rendtel. Use int,ernat,ional postal money orders! credit her (postal) giro actroiintj, or 
simply send bank notes as cash (ensure these are not visible through the envelope!). It is a good idea t o  roirhiiic. 
the p y m e n t  for yoiir order with your subscription renewal for 1996 to reduce the costs inherent to int,ernat,ioiial 
payments. Information on subscription renewal follows in the next article. 

C a r d s  cost I .R0 D E N  or 1.10 LSD eacli. FOJ: orders of 10 cards or more, cards cost only 1.40 DEM or 1.00 IJSII 
eacli. In any case, add 1.00 DEM or 0.70 [ED to cover air mail postage. irrespective of the size of your order .  
'These prices are guaraiit,eed unt,il the end of 1995. 

l n  your order, indicate clearly which card(s) you are ordering, and the number of copies desired of eacli. lise tlic 
codes XMAS I! XMAS 2 :  PERS. arid LEON as explairied above. 

Any income from card sales will go to cover par t  of the expenses projected by the  Malta Meteor Group in 
preparing a meteor publication for the general public In the local language. Funds will also be used to fi11a11c.r 
i he subscription of Maltese meteor observers to the 1110. 



Type of s?tbscrzption 

Regular siibscriptioii ( II’GAJ 
(-lombined subscription 
( 11’CTh’, F I D A  C News, Report) 
Also poss i6 l e  ou ts idc  Europc:  

Regular ailbscription with 
airiiiail delivery 
Combined subscription with 
airlrlail delivery for I ’ V G l i  only 

- 
35 DEM or  25 USD 70 DEM 01- 50 LTSD 
70 DELI or 50 IISD 140 I)EM or 100 IXI) 

30 DEM or 35 ITSD 100 DEM or 70 USD 

90 DEM or 65 USD 180 DEM or 130 USD 

l v c i i i  ( i~ i i  I)econie a supporting member by adding at least 15 DELI or 10 VSII per year to your iiieinl~rrsliip. 

P a y  irient iiistruct ions 

sciitl your payiiients to  the Treasurer or oiie of lier as ants as inclicatrcl below 
o imi Europe: pay in Geririun M a r k s  to Iria Beriiltel b y  lraiisferiilg l o  the postal giro account number 

54i234107 at Postgiroanit Berlin, bank code 10010010. (Please send no bank checks’-If you must pay 
hv clicck, pay to Peter Brown as indicated below.) 

e in  rlic United Kingdom: proceed as above, 01 paj  t o  Alastair L’lIcBeath, 124 Prior’s Walk, Morpetli,  
huiriherland KEG1 2RF England 

pan: pa) to .l/lnsa/zzro Kosekz 4-3-5 h i l a k a ,  llnncLl<a-ihi, 379-01 Gunma-ken, Japan  

thc>rs pay in  Ir,S Dollars t o  Peter- Rro?J,n, Dept of Phgsic*s, [Tniv of Western Ontario,  London, Oiit 
4 3K7 Caiiada 

411 pcnple iriskting on paying by check should pay to P 
a ! a u v c ~ .  Makc c-herks payable to Peter Brown, not to the IMO! 

rown in US Dollars, as indicated 

c o i n p / / f  d (19 \ lore  (;!jss~ni 

D ;er& met cop̂  s 
~ ~- ~ ~ _ _  __ _ _ _  

7 .21(Htvtlr s article on  dark   net to is In tht  Juizc zss i ie  (\6’GN 23  3 ,  p p  91-96) sparked yet  another  reac- 

AlcUeath started iii one of the  last issues of IYCS an irireresting discussion aboul  a strange effect that 
oi 11bp in t h e  sky but are darker than thc  

oi thc h i ~ i 3 l i  \islon svstern and  real dark objects like 
( 1  a ‘(la11~ ineteor ” sometimes we see objects h i t  i i i i  

f i b  ing hiids u-t’ considered 
I I < L (  kground As possible explanations both failu 



In the last few years. I saw several of' such iinusilal objects, too. In  private discussions during tlie last L V C ,  
many observers supported t h e  idea of dark phenomena from their own observations. hence. there really inust 
t ie something causing "dark meteors." Almost ~ve rybody  saw theiii,  hut nobody talked about i t  earlier beraiise 
tJ ie  t h n g  was j u s t  too odd. I always thought that  It must have b e e n  a b i r d ,  I did not believe in errors of n i ~ .  

vision. 1 never saw illuminated birds against the dark sky as described h y  Alastair: on t,he other liancl. I lintl i i o  

c-xplanation w h y  hats or birds should move like mereors alorig straight lilies. 

Yesterday, 1 hrowsed through our  video rapes looking fur s o n e  special sound effects. Eventiially. I noticed l ~ y  
pure trhancr a "dark meteor" just  follomirig a real one and mo.b'iiig as I reinernberecl i t  from m y  obseri-atiotis: a 
fast '!something" darker than the sky background tra-ieling straight across the screen! 

I was: of course; really excited and watched the tape several times. Then  I recalled the circumstances of thc3  
oIiser\.atioiis: Both DUBKA and I were -vvat,ching the Lyrids on .%pril 22-23 in a wood near the sout,li eiitl of Hcrliti.  
T h c  sliy conditions were normal for those circumstarices, we h a d  limiting magnitudes up to 6.0. There w e r ( ~  no 
direct liglits in tlie field of view tha t  might have illuminated birds, nor do I remember any sounds f'roiii iiioviiig 
ariiinals despite the noise f rom some nearby wild boais. 

I rligit,ized all frames aiid tried to obtain a picture of the even:. Lnfortuiiately that, was mucli i i i o r ~  c o i i i p I i ( ~ a t d  
cl: 'The SKR, of single video frames is already bad enough. hut, dark olijects agaiiiht t l i e  SIC!. i\l 't' 

ccirnpletely lost in the noise. I could not average the frames which would have improved the S S R  but would have 
r c , i r i o \ w l  !;lie interesting object, too. I t  needed some heavy image processing procedures (median lilter. wt rc i t i c '  
cmiitrast en1iancenient~ minimum of all frames) until the trail of the object became weakly visible in t h e  iiitagc.. 

Ill1 rrestiiigly, there did riot appear a straight line but a tra.il n i th  distort,ions. Furthermore, t,lie hliapc oi' t 11" 
okJject cliaiiged. In some frames, it, appeared longish whereas it \';a:; round or turned  by 00' i i i  0 1 I i ~ i . h .  ' l ' l i i h  

implies that  1 h v e  recorded a flying animal a t  a l ow height over the camera t em)  most proliably a ha i .  I t  i:, 
rnucli m o  last, for having an  astronomical origin, too: the estimated velocity 

1 warit, to  conclude that at least some "dark meteors" (not to be confused n i t h  "fuzzy" or "~vori-i 
a re  real objects and not errors of our human vision system. Bats or maybe  hirds can be seen cl 
tlie sky and might look as if t,hey move along straight, lines. \i 'e must consider tliat h e y  appear only for ;I 

h c t i o r i  or a second, thus, we see only a small part of their flight pa th .  I have put bot'li the ii-nage of' I t i c ,  
t r d  and  a sequence of video frames to  riiy \.I.:\.I'W page. You may access thern via the  TTRL http://www.tu- 
chemnitz .  de/meteore/dark. h t m l ,  h i t  do riot. expect to find irnages with photographic quality and a blarlt t ra i l  
agaiiist a bright, sky; I a m  glad tha t  I could make the pa th  visible at  all. At the original video tape thc "darlc 
meteor" is still best visible. 

Sirko Molau.  October 18) 1W:7 

The new working list of visual meteor showers 

il'i alretrdy receziwl a f i i - .s t  reaction t o  t h e  n e w  tcoykii ig list o f  1;iSiiill meteo,i, s1iowti.s published an the i l u g u . s f  Ls,si/('. 

111 regards to tlie I M O ' s  iiew IYorlting List, 1 applaud the clianges. It, gives it more realistic sense. St,ill, I 
i,hiulc tliere is more event,ual room for more changes . . . namely in t,he areas of activity periods. Fro111 riiy owii 

olxervations, I feel that  the Coma Berenicids (for example) can extend their period of activity by beginiiiiig 
sooncr. For them.  nearly a weel< sooner. A41so: from what i saw of the 1993 Geminids, I feel tha t  its ZHR is still 
a little low. Still: t8his new list is a positive step in t,he right, direction and I am sure there will be rnore changes 
in the years to  corne as more  da ta  filters join in to support thern. 

George Zag, October 10, 1 S 5  

Fill1 Moon observing 

I (lo not normally observe within 5 days before or after a Full Moon. Sometimes though, a major shower OCCIII'S 

during this period and I make an  exception. The  1995 Perseids was one of those exceptions. As always during 
a inajor shower, there are all kinds of sources recommending where to look etc. I have read in my local papers 
aiicl tha t  of major magazines giving apparently non-experienced advice. Some said to  look East at midnight, aiicl 
one even recoinmended to  look South.  During a Full Moon, there is only one direction one can look with the 
least, amount of obliterating moonlight arid tha t  is in a northerly direction. I recommend for observers in t,he 
Northern Hemisphere tha t  if they must observe with a Full Moon, to look in a North Westerly direction around 
9 p.in. local t ime; around midnight, due North: and at, 3 a ~ i T i ,  to look North Easterly. Also elevate your view at 
about 50' above the  horizon. You may have t,o ad,just this a little to accommodate your lati tude,  but this is the 
darkest region during a Full Moon. It  malces no difkrence where tlie radiant is, because this is essent~ially the 
oiilg region tha t  has any observable sky. No doubt ,  it  is in a Southerly direction for our friends iii the  Soulhem 
Hemisphere. 

George Zay, September 8; 2995 





f rom hot,h the northern and southern branch Ccnsequextly. it seems bet't'er to include the ainbiguous meteors 
in t,he separate branches anyway. A calculatioii of the total Ta,urid activity is possible with the solutioiis ( i i ) ,  

(zzi):  a.nd ( iv), It  now remains to choose betxween ( 2 2 2 )  and (w), Imagine a meteor which callriot, be associakc1 
with one of the branches as the assumed errors in direction and speed do not seem to allow a discriiriiiiatioii. 
Ilowever, one of the radiants wzll have another distance to  the ineteor and ,  hence, another speed expectatioii or 
tlie i-iiel,eor ' w i l l  hit one of the radiants slightly cioser than the other in most of the cases. Consequently. tlierc 
is a slightlj. higher probability for one of the branches to bin associated with the questionable meteor in  11ex( to 
?very case: we can associate the metmeor with one spinciiir hra Althoiigh this decision is based on st,atisi,ic,i\l 
assumptions, it, is the method with the smallest error ~ ' e  can make. 

.As ail example, n e  may consider a meteor at a distance of 40' from t h e  radiant of the Kort,lierii ' l awids .  a t  ~ I I I  

clevation of 90" Jf-e assume an  est,iil-iate of the angular velo 

and 14O/s for the southern branch. Although both radiants iiiat,ch the direction arid speed crit  
error limits. the  iiort,Iierri branch fulfills the speed estlma.tr closer than tlie southrrii oiie. H e ~ i w  )Y(> 110 t l c . c . i ~ i t ~  i i i  

of t h e  Northern Taurids. Additionally, we should consider the pa th  length. If the meteor liad a short 1x11 11.  

of 10°/s. Imagine tha t  tlie path of t h e  in( 
ictly aligns wit11 both radiants of the Tauricls. A calculatioii of t h c  expected speed yields 1%'/s for tlic i ior t  

iould prefer the closer radiant.  

T I '  n'c put half a meteor into either branch's number according to  ( 1 7 : )  ~ "rl'e neglect the  small differences i i i  

prohabilities. In this way. significant potential differences in the activity frorn both radiants ca.n 13 

wlieii t,lie irietcor numbers  are large enough. Method ( 2 7 7 )  does not suffer from this disadvant,age. 

7'11e follon.irig guidelines should be considered for a met,eor at, t,he border of your field of view: 

meteor siioiild be reported regardless of how far it appeared from t,he field of view. 
0 110 not report "meteors not analyzed;" decide unambiguous/y in favor of a radiant or the sporadics. LSP 

0 'The desigiiatiori Ill\/' is reserved for several Aquarid radiants in .July aiid A%ugust whicli cannot, 1)r rcsolvcd 

0 Do iiot report STA. NTA, and TAU a t  the sarne t ime, lii case you plotted the  meteors, t r y  t,o discrirriiiialc 

0 110 nol report, half a meteor in the  shower analysis 

t h e  aiigular velocil,y and  pa th  length with high priority for a shower association. 

due to a distant field center. 

bot,li branches e\'en if the probabilities of shower riiernbership are only slightly different. 

Thc 1995 Int emational Met eon. 
Brandeiibixrg, Brandenburg, Germany, S~pteennber 14-17, 1995 
C%r.is Trnyiitr 

1. In t P-O duc t ion 

Ibis year's Conference took place from Thursday, 14th t o  Sunday, 17th of September. It, was held about 10 kin 
north of Brandenburg, 50 km west, of Berlin. This is in the old East Germany. a beautiful area of rivers and lakes 
wl\ere the River I-lave1 winds slowly from Berlin across the flat North German Plain towards the sea. The wmue 
was a hostel, the Haus a m  S e e ,  by a lake. 

The  ineetiug began on the Thursday evening with informal presentations. Sirko Molau demonstrated the viclco 
camera plus irnage intensifier which his group has been using for some years. He also showed a coinputer-edit,etl 
compilation of several hours' meteors compressed into about a minute, generating a spectacular shower from 
geniiine da t a .  

Axel Haas gave his traditional slide showt.: with pict,ures of previous years' meetings and delegates, oi't'eu to t l ~ c  
enibarrassmeiit of t h e  victims and  the  amusement of the others. His theme of IMC people photographing each 
otlier photographing ea.ch other certainly seemed to set delegates taking pictures over the weekend; prolJa.bly 
:Axel owns shares in  Kodak. 

r ,  

2 .  The talks 

I he first session concerned photographic and video observations and their analysis 

Marc de Lignie talked about double-station TV imaging. This covered image intensifier characteristics, frame 
grabbers. and the limiting magnitudes obtainable, He warned of selection effects with these techniques aiid 
described the use of trajectory analysis software from the OndYejov Observatory in the  Czech Republic. 

r \  
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15'(:S, the  Journal of the  IMO 23:s (1995) 

/ i u i i i c  I '  :;hit 

. i f " i > r  t m l r c >  /<cport , i 'eri~.s I,blu7ne 7 had been printed. It turned out t 
I i.erei\,ed t ,hc files at t h c  Braridcri 

P 1994 files iiow. A total c-.lIectii.e 
are iiow 683 Slovak observing holir 

. . .. . ~~~~ ~ ~ ~~~~~ 

t a considerable package of observations 
[.I[(,' froiii t hc. C;lo\~ik ohserving group. and they caii 
iilg tirric oi' 2.51'!21 of Perseid observations had to be 

- - - ~ _ _ _ _ ~ _ _ _ _ ~  ______ -- 

r i l c  t ~ i r ~ l z o n o l  Meteoi- Conference in M o t z o w  npar Brdndenburg, some indications were foouiid f o r  
I ac l i \ i ty  o l t h e  a-Capricornids in the n igh t  of J i i l~  29-30 1995 ([JT) Although the individual 
r n p a k  the sum of the obserlations seems itrikirig Perhaps it is  also a coincidence o l  good 

( ~ii i t l i i ioi~s  a n d  the  ueekend In order to obtain more than a "summary of impressions," we would likc 
cck their o1)servational d a t a  Below we list the findings as they were put  together during tlie 

s have been ohservcd from seLeral locations It  is not yet checked whether these were d ' a p r l -  
a reported to  Xlastair McBeath and Aiidrd Knofel of FlDAC)  The  current FlDAC ardlive (ah 

15) g d v ~  an  dverage of 1 fireball per day before July 28, 3 on July 28 and  30, and  5 on July '29. 
is r\ c-oiiceiitrat~on t o  a weekeiid and may thus also be caused by a "sociological effect " 

rs g,L\e Z H R s  bet 'en 5 and  10 (Valeiitiii Velko\'s and  Eva Bojurova's poster at the IMC' showliig 
Its of this period, observations by George Zay [TSA reported via e-mail, and  observations by Jiugeii 
any) Observers of the  British SPA Meteor Section reported easily detectable cr-Capricornid rales, 

rlrecl, youi da ta  and  send relevant information to the author or the  IMO's Visual Commission Director 
f i i i t h ( > l  analysis Of c-ourse, also "negative reports" are of interest t o  find out whether this has been a true 

i i i  c J 1 coincidence of few reports only 

121" 

\ \  t i i i  11 I', ILiiiLsual sccri the  Id t i t ide  of the sites 

1 >duct  i on  

Jiirlis of November and  December are characterized by the large number of major showers tha t  are active 
T h e  ($ei-uiiiids, Puppid/Velids lTrsids Taurids and Leonids together with a host of 

l i l i [ i ( ) i  s i  i~a i i i s  make € 0 ~  an excellent period of viewing E\ en though southern hemisphere observers are favored 
iiiiei wedther, northern hemisphere observers are to  be encouraged to get out and brave the cold winter 

1 d ! J l i '  I 11~1s boiiie of the inore impor tan t  showers tha t  occur during November and  December and Table 2 shows 
~ i n g  to1ltlitioiis moon-wise The  illuininated part of the Moon is always given for Oh U T  on the da te  

i l i i ?  [ i m p  01 the >ear 

1 The d a t e ?  of the  phases of the Moon are  also given in U T  

2 .  'P'dsal*irls 

1 hi'. iIio\zc>r is hrolten up into several substreams, the n:ost important of which are called the  Northern and  
i II(. O o u t  Iic,rii Taurids respectively The  Taurids have oilr' of the longest periods of activity known and  last 

Octoliei 1 through to Noveiriber 25 They reach broad inaximulli iii late October and  early November 
i i p l i  t h e  d' i te of rriaxirniiiiifor the Southern Taurids 13 giteii as Noveinber 3 and  tha t  of the Northern Taurids 

Lo\ piiillc1 1 - 3 )  tliese were derixed from the orliital eleiiic nts a id  not from visual observations. At maximum. 
t ~ v i t v  can be very c ~ r a t i c  with rates ranging fioiri I cr 2 to a 5  high as 10 or 15 meteors per hour j < - ~ i i ~  il 



lVGM, t h e  Journal of the 11MO 23:5 (1995) 

Table 1 - -4 list of visual meteor sho\,vers t o  1)e seen during November a r i d  ilecember. Streams marltcd wit11 
an asterisk are  periodically or occasionaily acrjve, and therefore no ZHR is cited 

Shower 

Orionids (ORI) 
Southern Taurids (STA) 
Nortliern Taurids (NTA) 
Leonids (LEO) 
a-Monocerotids ( A M O )  
X-Orioiiids (XOR) 
Dee Phorriicitk (PHO) 
Puppid/Velids ( P U P )  
Dec Monocerotids (MON) 
0-I-Iydrids (HYD) 
Geminids (GEM) 
Coma Berenicids (COM) 

Activity 

Oct 02-\0~ 07 
OLt 01-Nov 25 
Oct Ol-h'ov 25 
No\ 1 4 - N o ~  21 
NO\, 15-X0\' 25 
ITOX 26-Dee 15 

Dec 01-Dee 15  
No\, 27-Dee 17 
Dee 03-Dee 15 
Dee 07-Dec 17 
Drc 12-Jan 23 
D ~ L  17-Dee 26 

ho\ 28-Dec 09 

o c t  21 
n-o\ 03 
So\, 1 3  
Nov 18 
Nov 20 
Dee c2 
Dee 05 
Dec 06 
Dec 10 
Dee 11 
Dei. 1-1 
Uec 19 
Dec 22 

+- 
A I D  

I 
%(MO 95 @ 

220" 50' 
230@ 58@ 
23.512 153@ 
237@ I 117@ 
250@ S 2 @  
'53' 18' 
253@ !23@ 
259' 102' 
260' 127' 
262PO 112' 
268' 175' 
27007 217' 

__ 

6 

+16@ 
$-13" 
+ 2 2 @  
$ 2 2 0  
-06@ 
+23@ 
- 5 3 O  
-45' 
$08" 
$02' 
$33' 
$25' 
$76' 

Diain. 

l o @  
1 O o / 5 O  

5' 
5@ 
8@ 
,j @ 

10' 
5 O  

5' 
5 O  
5' 
5@ 

10@/5@ 

66 
27 
29 
71 
60 
I8 

40 
42 
58 
35 
65 
33 

1 )  
- 0  

Table 2 - Moonlight and observing conditions in n'ovember-Decernber 1995. 

Friday November 10 
Friday Kovember 17 
Friday November 24 
Fi-iclay December 1 

Kew Moon: 
First Quarter: 
Full Moon: 
Last Quarter: 

October 24, November 22 ,  December 22  
October 30. November 29, December 28 
Koveniber 7 ,  December 7: January 5 
November 1 5 .  December 15, January 13 

'1-able 3 - Radiant positions for the Taurids South arid Korth 

I' ZIIR 

2.9 25 
2.:< 5 
2.3 5 
2 . 5  Val.  

2.7 5 
3.0 :$ 

2 , s  vitl' 

2 .I) I0 
3.0 :I 
3.0 2 
2.6 110 
3.0 5 
3.0 10 

IVith the radiant positions reaching culmination just after midnight, Taurid meteors can be observed for most of 
the night. The Taurid meteor stream is noted for it,s many  bright; colored meteors. Although the dominant color 
is yellow, 1-naiiy orange, green, red, and blue fireballs have been recorded. This t'ogether with their relatively low 
geocentric velocity means that they can be recorded more easily on film than most other showers. Perhaps you 
could try and photograph some for t,he LA40 Photographic ,Weteor Database.  

Unfortunately, the Full Moon on November 7 heavily affects viewing around the Taurid maximum. 
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t o  ’LI m d  are best \ e r n  during the last fe~u  h ? x s  Fxfoore ‘fiiiiise The Eeonlds are a periodic shover 
\cry 33 year5 t h e  next tirne being 199+9$ Last \ e z  \a\> i1ioore iiiteiise Leonid ac t i l i ty  foi the 
long period Ii is therefore imperatl i  e that  a lot 4 L J L ~ I ‘ . ~  atioiv are  iiiade this 5 ear as well to  see, 
of tire l i i t t r i i a t zonu l  Leonzd Illat, h ,  lion 

‘I I i L ,  !ntc riiatzorzcd T.mnzd M’ntrh (ILW) an ILW0 ~mt:atrvc t nord~. ia te  1 b , ~  Pctei Bromn attempts to encourage 
slorrni For more details n e  refer to  thc 

tin of Llic ILl‘l with more information 011 

ers a ~ e  io refrain from plotting aiid u s  t l i c  
entr i r  -ielocitj (lL = 71 km/s) should lie 

LVIV, evolv?, 

ving conditions this year can be found elset*here in  this issue 

Maximum occurs around Soveiiiber ‘LO 
a ~ e  noted for their vaviable ty In mine  years they are Lirtuaiiy noti-exisi (,lit 

ed 100 meteors per hour With  the favorable moon coiiditioiis 
investigation jn 19‘35, the more so since Peter Jeiinislien. [ I ]  

i i  ii s r i o u s  possibility this vear. Atthough it is impossible to say during which iiiglit 
occur Jennrslcens suggests the night of November %1-%2 ( 

Obserxers in Europe and .lfrica are hest placed to witness a possible oii thii  

iiiber Monocerotids siinultariroud> M hcii- 
re Tc) do this,  the  observing field should be centcred in tlic 
le Mo1iocerot:ds should be plotted a5 long as the Z H R  i i  less 

ds are visible froin both hemispheres 
leiit-, rates of around 100 iiieteors per hour each year. The  Geminids are active from December 7 

immi  oil Ijeceiiiber 14. They are noted for their many bright yellow-orange meteors. With 
urriiig 011 December 15, conditions are nr;t very favorable for viewing the Geminids in 1995, 

The  maximum of 5 meteors per hour 
Seen during the last few hours liefore 
t,o monitor the Coma Bereiiicids after 
[.he Coma. Bereiiicids aiid the Ursids 
80’ and S = +4O0-$6O0. All possible 

?<il>ie 1 - lixhant pos~t ions of the Coma Berenicids. 

\ a ~ ! ~ ~ b l e  ac’ t i~  t1y wit11 2HRs o f  around 50 beiiig rzcorded on crcasions IJnless the  ZHR reaches or passes 10, all 
IT~iids  seen should be plotted 1993 1s an  ideal year to  observe (he 1- rs id~  since the New Moon coincides with 
the  date of rriaxirnuni activity 

R,e$i:rence 

[ l ]  P. Jeniiiskens, ‘ G o o d  Prospects for an a-.%/lonccerotid Ou~biirs t  in 1395”, WGLV 23:3, June  1995, pp .  84-86. 
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Il-etlierill (+.I%'., ReT'elle D.O.. "\Vhicli Fireballs are Meteoriteh? .A St,uclp of t l i ~  I'ra.irie hc~iwoi~l;  1 ~ I i o t 1 ~ -  
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denniskeiis P . ,  "Good Prospects for an a-Monocerotid 0ut)burst  in 1995"; WGT 23:3. ,Jiinc 1995. pp .  8/i -86. 

Te 1 PS cop i c 0 1) servers Not e s : November- 1995 

Iiavc a n  excititig period coming up with the Lheme of outbiirstiiig showers. This is espe 
L P O T I I ~  rate5 have starled t o  c l imb  (I'onditioiis are tiot ideal but are far superior to  1 

liy true IIO\\, t list 
yea r .  'I 'hr~~c is i i  

re tlic ii.iit.yi~~iiii~i 
011 h-oveii-iber 18. During this Leoiiid cycle we have the opportunity to  follow for the first tiiiie the ljelia\.ior of I lii> 
siiialler particles telescopically, and thus learn more about the dispersive processes iri youiig meteoroid 5t.reaii is. 

etit iriooi~ in the viciiiitj. of the  radiant that  will Iiamper observations especially 
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It is ii-riportant, no t  to gat,lier tlat,a during tlie years wlierr a st,orii? iniglit occur .  b i i t  also t,Iir years Ieadiiig l i l j  

a n d  f'olloiviiig any such inioii-ieiit,ci~is e\.ciit. if'liilst stiidj.iiig tlie radiant position. aiitl an> >tri1c't1iyt> \\,ill 
of interest .  t h e  iiiain goal is to  follon- the meteor  flux. i,s clesir; l l~]i~ 1 0  <.; Ipt l ly<\  ;lh 

i i i i i i i j .  Lmnids as possible. Also rake care to  estimate t h e  field liiiiiting niagilitrtclc iisiiig tlic i i i s c t  0 1 1  t I i c  c.Il;irth 
iiiicl the meteor  brightnesses. Remenlber tha t  the Leonids can 0111~- bc aeei i  aft c r  local niiclniglit ; \ I I C ~  si.rioi1.. 
\vat,cliirig can coniinencc an  hour later. The best t ime is the couple of hoiirs prior to tlawii n h c n  t hc  <I( I '  l a l l t  

has  a t i  a i n d  a high rlevatioii. Therefore you :night, c-on>icler sleepinp or  resting iiiitil 2 h  aiicl  tli(.li \vat [rliiiig iiiii i I  
t,;viliglit teririinat ei vie,wiiig. Portunatr ly .  t l ic iiiaxiiiiiuiii fall\ i i i  a uwkei i ( I  s o  1 1ioi)c~ iiiore i > ( ~ . , p l c ,  \i.iil I)(, a 1 ) I ~ ~  t 0 

c o ~ t t  ril>iit,e. ' I l ie Leonids arc  as fast as rrieteors con ie .  I ' l i i i i  t Iic p w f ' e r r d  Jiclil ceiiti>r> a r c  Ici(,iil  ( > ( I  L.ICJW I o I 
l a d i a r i t .  I reconirriend 103 and 1:3O tliroiighorit, t h e  session anti 41. 116. or 147  after 2 " .  IciwIi(,r i i i  t I i i .  IiigLit, 
\vIirii I Iic radiant is Ion-. charts 81 a i i t l  12.3 a r e  also suital?!e. P1 lint il t lie c ~ i i t l  of  t s I i ~ > \ v ( ~ l ~ ,  
a i i c l  i i o t 8  , j us t  a t  i l l ?  rr-iaxiinimi. ( : [par nights a r r  ra re  a t  this tiiiic I l i a k i ~  t , l i C  lIIC?St, (It' ?I[\:,. 1 ll;it 

IioLIj. folion.iiig i h e  h ? o i i i t i  arc l h c  o - . ~ ~ O I i O ~ ' i ' ? ' o t z d ~ .  This a p p ~ a r s  t o  he  ciiioti!ii~ siiolvcr w i t h  ] ) ( ' f , i o t i i c .  o i i t  I I I I I ~ ~ ~ A ,  
c)ii icl\ .  its frequency is iiot tiiiied to  tlie 1)rriod of tlir parc~iit miiii>t. I<\.itle>tic.c> ~ u l l i i l ~ ~ ~ l  1 ) )  
Ilk :irtic,lc\ iii ~ h c  Juiic. il'C,I-) buggests a teii-).car pi~i.iot1 ~ ~ i i i t ~ ~ l  17)- j j l t i i 1 c i : I [ ~ ~ .  pc>t.t 111~1);1t i o i i s  

orljits so t,li;it they onl?; occasionally intersect tilc E a r t h ,  l ' l i e  I 
s for tliii year look prornisiiig. Tlic outliiirsts froiii t,he ii-\Ioiio 

tliry caii still at tain a %FIR of I000 for a fen. i i i inii t~~s.  Siich o 
rx r i t  iiig to vicxv-- a n  ei.c-nt >.oil will treasure iii yoiir memory  if you arc  fortiiiiat,c t o  

Tliiis a \vide apparent 

(;Ollie alollg. 

t I i i ~ i i ( : ,  ol)srr\-ai,ioiis a r c  of grcat  interest I i w a w e  we liavr so fen. rcliablc clat,a foi, I h i s  s l i o n ~ ~ i ~  a i i c l  c u t  li(\t, > i i ~ i i I i t t ~  

1' I l l C b C  r('i lboIl> I ;I l l I 

I , .  1'ri.iiic.t ioii> 0 1 '  I I i r  
i i i l i c '  of t,h(, [iosqible out>hiirst spaii a six-hour wiirdom., a n d  your vigil may he  for tialight, :IS t1iei.e i b  i i i )  ~ I I ~ I I ~ ; I I I ~ ~ I ~  

No\-i~riiIjc~r 2 ! -22. 'This alinost~ coincides with i t  ~ i ~ i p ( ~ i ~ i i i , i ~ - c  I I i i i t  
i i i p t  to  !Tat ch t liis slion.e~,, i 

Our goals a re  to  dcterm.ine approxiinate meteor fluxes through the out'burst aiid lienre derive t>lie tinic' or I  

I I I ~ I I I I .  Oiic ohvioiis question is t o  see if they  follon. t,he visl,ial act,i\-ity. If an outlmrst begins; plott,iiig zlioiiiil ( 

S\vit,c.li 1.0 c~iiiutiiig in one-iiiinut,e time in t ,e r \ds .  (Thus it i s  iiriportant, t o  l iaic an acritrat,c n.at,cli a\xila!)Ic>. j 

J J  n o t e  nhctlier eac.11 iiitTt,eor is shower member  or no t ,  and if the rate is uot  t,oo cleniaiicling. record t l i c  

o r  inag~iituclcs too. However. it, is worth inclicat~iiig a direction of motion for {,lie ensei-iible. Coiiibinul w i i l i  
( 1 1 1 7 ~ ~ ~  fields i t  will \%Id an approximats radiant position. Do not, change f i e l c l  c,eiit,ers ouce a i l  oiit I j i i  

d u r ~  t o  switch. as yo11 might miss most of the  outburs t .  Again. a w r y  wide ;irigle ficld of \. i imv is 
(lr4r;iIJle. Ise e - l i a r t h  144 itiicl 145. 
i l l  c ~ a r l y  .\ovrrii!)er. tlie ladianl~ striict t i res o f  tlie slon~-rrloving twin-radiant 7ourirls rim he fol loncd. S o r u c ~  
ri1.rlii.t resultj.; by 7'orstcii Hanseii suggest differriit eloiigatioiis along t h e  eclipt,ic- for the north and south T a u r i ( 1  
iouipcintmts. 111 addition to  the  primary showers there are  other weaker c o n t r i h t o r s  t o  the Tauriti (:oi-iiplex all 
oL' w1iii.h lit. on a diffuse cloud of particles. Xltlioiigh deficient, iii faint, irict,eors. t,lie fainiliar loiig pa,tiis a i i t l  ~ l o ~ i .  
a i i ~ ~ ~ i l a r  spews  of' thi, Taurick c-ornpensat,e 1,;~ increasing the proba.l)ility of detectioii. Sei. the prcvious sct of' t,lieie 

?loving into December, the Moon moves from full t o  la.st quart,er during t h e  C i ' ~ i i ~ z i u d s .  i-lrouncl t,hP tiiiie of 
itiaxiiiiriui i t  is possihli. liave a few hours of darlmess to  folloM- t,he best, telescopic- s1iowc.r or t h e  year .  T h e  
t,cxt Iiool; racliaiit is heli d to  have suli-struc-ture, and around December 14 there  is evideiic-e for a ('oiilpoi1ent 
cIispl;ird several degree r th .  15'e need fi ir ther o1,servations to coiifirm these findings. A good selwtioii ol' field 
centers is desirable to  reduce t'he effect of artifacts in the analysis. The recorninended h a r k  are 56. 57, 80/81 
OR. 1 2 3 .  143; t,lie reserves are  77. 97; 142. 144 ,  and 145. Vse as many fields as possible. n-atcliing ea.cli for ahout 
t,liirt>- minutes a,t, a t ime.  At the  same time it is possihle t o  observe some Monocerot ids ,  o-Hydr-ids and latc  

111 the week prior to  the  festive season, iriany neglect the C~.sids. To h e  fair: t h e  weather is iisually atrocious, 
aiid visnal rates are normall>- in tlie 3-1 0 per  hour range. 
l i o \ w \ ~ e ~ ~  as in 1982 aiid 1986, lvhere there were enhanced rates-around 45 p e r  hour in 1982. Rich in fa in t  
!riet,eors, it, sliorilcl be ainenable to  our binoculars. For most observers. t h e  radiaiit is cireirinpolar, so data ran he  

d througlioiit tlie night. though it is at, its lowest, elevation around 21h30m local t,iine. There are iiarclly 
anj- lelcscopic ohserx-atioiis o f  this shon-er. so a good set, of d a t a  is bound to  tell us sorriething new about the 
Tyrsids. For instance, we should like to determine the radiant position and size. and t,o derive t,lie mean meteor 
rriagnitude through the shower. During the evening charts 4 and 9 ,  or 3 and 11 are  acreptable; lat>er there  a rc  
srveral possible pairs including 29 aiid 4.5, and 24 and  28. 
Bac-k in 1.971, I witnessed what appeared to  be a short-lived visual outburst of faint ,  fast i-Iiet,eors froi-ii approxi- 
mately N = 138'; d = + 4 4 O  ai  A, = 268003 (1950.0). Kow this was just  one young observer in one year. IT-ithout 
corroboration rve should take  the 1971 data with a pinch of salt.  I nould  like to  think tha t  if KP remain vigilant 

)P" out hiirsts. IIenc-c our  iinclerstmidiiig of the underlying pliys 
you n.i!l not waiit t,o iiiiss any oiit;burst this year. 'rhert, is a ( 

~ i '  i l i i  oiitIji11'51, Soi~tI ie~12 Eiirope is favored e~ ween 1 1.1 i tliiig li t a nil (j " ~T o i i  t l i i '  iiiglil 01 
er t,lic ficklr nra.t,licr ilia1 

for ( . l iart  details. 

y - 0 7 7  017 2 cl,s . 

This sho~~ . . e r  does spring the occasioiial surp 



W(iAV, t h e  Journal of the M O  23:5 (1.995) 17:3 

thatj there will be another outburst confirming the earlier OIIC. This year the relevant night is December 20-21. 
ivhen the moon is absent. If it is a "far-comet type'' shower we should loolc f rom December 20,  18'' t o  December 
21 ~ 6". So please concent,rate on this shower rather than  the Lrsids during t,liis interval. iiot,e that  I a111 irot 
rrtakiiig any prediction €or these 38 Lynczds, it is merely t,hat coriditions are favorable this year. Some reasonable 
charts 1.0 use are 5 9 ,  61 and 123. Even if there is r!o o u t h ~ r s l ~  this shower does give a noticeable telescopic Hus. 

Tame 

1'/1639 
I " / ~ s ~ G  r \ '  (pOll5) 
Epona (3838) 
1987 \I C' (5569) 
1993 P( 
1993 \'dl 
1-'/1987 XI11 (Rudenko) 
T'/l977 XI (Encke) 

(7 cinpel-inift) 

( lhbidgo-  Bernard) 

(Trnipel- rutti?) 
Pi1879 iI ( iwlf t )  
1'/1879 11 (Suif t )  
19x9 VA 

P/1743 I 
ilpollo ( I  862) 
P/1974 XV (Bennett) 
19x4 I<B 
Ptah (5011) 
1939 1'B (5803) 
1991 rn2  

( hnpel-S\ \1f t )  
Xaiitlius (4544) 
1989 LP 
PI1873 I \  (Borrelly) 
1993 XhL 
1963 I\' 
(T'emp el-Tut tie) 
Orpheiis (3361) 
F'/1860 I\' (Tempel) 
1991 IIX 
P/1707 
P/1961 1'111 (Seki) 
1993 IZ D=1991VJ14 
P/1826 IV (Pons) 
1994 GK 
P/1944 I (van 
Gent-Peltier-Daimaca) 
1991 JLT 
P/1366 
(Tempel-Tut tle) 

1'/1867 I I i  

P/1923 I11 

r-'/ 1366 

PI1959 1-1 (Alcock) 

I'/1869 111 

x (3 

220151 
220P65 
221104 
222118 
222162 
223152 
223190 
224186 
224187 

224P97 

224197 

226P35 
227V53 
228111 
228P59 
229127 
229P88 
230124 
230P338 
230:'42 
230095 
231144 
231150 

231153 
23 1 1 9 1 
232152 
234133 
234158 

235062 
236109 
256 0 5 7 
236189 
237?F;2 
237163 
238187 
2391 13 
239P73 

24010o;i 
240124 

Nov 03 
Nov 03 
Yov 03 
X O \  05 
Nov 05 
Tov 06 
Xov 06 
s o l .  0'7 
h-ov 07 

Nor. 0'7 

Nov 07 

Ncv 08 
yo;/ 10 
s o v  7.0 
Nov I1 
107" 11 

so\ 1 2  
Lool. 13 
Nov 1 3  
No\, 13 
NOT. 13 
K O Y  14 

Xov 14 
x o v  14 
Kov 15 
NO./ 16 
K O V  17 

Nov 19 
Nov 19 
Nov 19 
Nov 19 
Nov 19 
Nov 20 
Nov 21  
Tov 2 1  
x o v  2 2  

Nov 23 
Nov 23 

Y O \ '  12 

49' 
24 " 
109" 
164' 

45" 
:37' 
52' 
(53" 
3!0° 

! 16" 

1.45' 

125 '  
125"  
193" 
90 ' 
22' 
224' 
146' 

:? :3 " 
43" 

' 52 '  
241' 
304' 

334' 
2' 

167' 
194' 
i.53' 

44 ' 
225' 
189" 
115' 
1.75O 
118' 

15' 
49O 

133' 

228' 
156' 

6 

+ 76 ' 
- 54" 
$17' 
-70' 
$25' 
- 8' 
$29' 
$29' 
+ 8' 
$34" 

$25' 

' ma - 2  I 

-27" 
+44' 
$42' 
+ 4' 
-29" 
-14' 
$13" 
- 3' 
-73' 
-25' 
+ 6" 
-73' 
-20' 
$65' 
-75' 
+22' 

+26O 
-62' 
-45' 
-34' 
$17' 
-30' 
-64' 
+ 6' 
- 8' 

-76' 
1 2 1 '  

41  km/s  
26 km/s  
29 lClll/S 

15 km/s 
19 l<rn/S 
16 km/s  
32 km/s 
32 km/s 
14 km/s 

58 km/5 

71 km/s  

61 km/s 
61 km/s 
20 km/s 
37 km/s 
2 2  km/s  
20 km/s  
68 km/s  
26 Itm/s 

16 k m / s  
17 km/s 
14 km/s  

16 km/s  
14 k m / s  
59 km/s 
20 km/s 
71 km/s 

14 km/s 

29 km/s 

70 km/s 
32 km/s 
25 km/s 
19 km/s 
68 km/s 

13 km/s 
71 km/s 

I 7 l<IIl/S 

32 km/s 

54 km/s 

Distance 

0.05129 !.I' 
0.12850 A l l  
0.16012 .A" 
0.10872 ; \ l '  
0.06580 A l l  
0.12630 AlT 
0.19410 A L J  
0.19521 -4U 
0.11279 .i\U 

0.18072 A[.' 

0.00602 A l r  

0.11923 AIT 
0.10243 A T 1  
0.16400 AU 
0.16691 ATJ 
0.01432 A T J  
0.02730 ,4tl 
0.04499 AL; 
0.07365 '41; 
0.08481 At; 
0.18160 AU 
0.02310 AU 
0.11146 AU 

0.18167 .i\U 
0.00214 AU 
0.19312 AT! 
0.08876 A[! 
0.01409 i l T J  

0.03378 AU 
0.13811 AU 
0.18949 AU 
0.08841 AU 
0.09141 AU 
0.13410 AU 
0.17600 AU 
0.07006 AU 
0.04470 AU 

0.03105 ALT 
0.08414 AU 
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Table 1 - Continued. 

h ame 

pfius (1866) 
PI1954 11 (Pajdusakova) 
C'erbtius (1865) 
PI1965 I \  
( 1 Pinpel-Tuttle) 
P/1766 1 (Messier) 

1994 51 K12 

Pi1801 (Pons) 
1'/1852 111 (Biela) 
i990 WIT; (4953) 

P/1781 I1 (hIec1iain) 
1994 XD 
IIuclcles (5143) 
1994 X L l  
I ) /  I702 
I959 L P 
1995 DV1 
1'/1978 XIX 
(D~iiiiing-Fulikam a) 
1994 YI,1 
P/J969 VIJ (Fujikaaa) 
P/1806 I (Biela) 
1'/1770 I (Lexell) 
1994 Xhl l  
P/ 181 2 (Pons-Hi ooks) 
P/1941 I\' 
(de I(ocl<-Pardskevopoulos) 
1-'/1798 I1 (Bou%ard) 
1992 LC 
h ei PUS (4660) 
1-'/196L IV (Honda) 
Phaethoii (3200) 
['/I931 IV (Ryvrs) 
P/1917 I (hlellish) 
l o u i a t i r  (4179) 
P/lGlX I11 
P/ 1895 I11 (Biooks) 
1989 ?IC (5755) 
1982 XB (3757) 
f'/1881 V 
(Deiiiiiiig-Fujikawa) 
P/1846 VII (Brorsen) 
1994 IIR12 

PI1935 I (Johnson) 
1982 XB (3757) 
P/1818 111 (Pons) 
PI1652 
Khufu (3362) 
PI1994 o (hIac1iholz 2)  
1993 VLL 
Tantalus (2102) 

(~kilson-Harrington) 
P/1680 
Cuno (4183) 
1995 CR 
P/1583 I 
(Bi o oks- S wift ) 

PI1771 (hIPSSIP1) 

PI1457 I1 

OlJatO 1947 XC (2201) 

PI1952 I 

k 
240069 
2:.ll?G8 
242001 
242022 

242027 
244001 
2 44 0 34 

244155 
244097 
245142 
245082 
246100 
247039 
249125 
249163 
249085 
250167 
251039 
251192 

2 5 3  : 08 
253032 
253086 
254139 
254065 
255103 
256125 

256030 
258152 
258173 
2 5 91 80 
262009 
262175 
262087 
263001 
263171 
2630 73  
264108 
264047 
265198 

267154 
268159 
268095 
271161 
271193 
272004 
272143 
272070 
273084 
274041 
274059 
275196 

276044 
278031 
278160 
279811 

Date 

S O ? ?  2 3  
N o v  24 
NOV 24 
h o v  24 

K O V  24 
Nov 26 
Nov 27 

Kov 27 
S o v  27 
Kov 28 
Kov 28 
Kov 28 
Nov 30 
Dee 02 
Dec 02 
Dec 02 
Dec 03 
Dee 03 
Dec 04 

Dec 05 
Dec 05 
Dec 06 
Dec 06 
Dee 07 
Dec 07 
Dec 08 

Dee 08 
Dec 09 
Dec 09 
Dec. 11 
Dec 14 
Dec 14 
Dec 14 
Dec 15 
Dee 15 
D e e  15 
Dec 16 
Dec 16 
Dec 17 

Dee 20 
Dec 20 
Dec 2 1  
Dec 2 3  
Dec 24 
Dec 24 
Dec 24 
Dec 24 
Dec 25 
Dec 26 
Dec 26 
Dec 27 

Dec 28 
Dec 30 
Dec 30 
Dec 30 

CY 

:;so 
86 ' 
78 ' 
158' 

189' 
42 ' 

15'0' 

187' 
26' 
74' 

267' 
140' 
249' 
76 ' 
180' 
60 ' 

351' 
15' 

272' 

176' 
57' 
25' 

262' 
49' 

202' 
181' 

164' 
77' 
35' 

111 ' 
114' 
131' 
103' 
299' 
282' 
185' 
298' 

17' 
281' 

205' 
171' 
86 ' 
116' 
11' 

169' 
192' 
104' 
290' 
78 O 

135' 
200' 

134' 
89 ' 

244' 
243' 

b 

-64" 
+20° 
+-w 
+ S O 0  

$17' 
- 9' 
-34' 

-11" 
$42' 
- 9' 
-12' 
+ 0' 
-29' 
$32' 

+15' 
$43' 

__ 2 6 ' 
$20' 
-40' 

$450 
+ 5' 
$48' 
-21' 
+ 0' 
$71' 
- 7' 

+33' 

$22' 
-24' 
+32' 
$20' 
+ 9' 
-22' 
- 9' 
-58' 
-22' 
-17' 
-35' 

+ 5' 
-17' 
$20' 
-53' 
-20' 
-38' 
-60' 

- 6' 

+ 5' + 2' 
$47' 
-45' 
-23' 

$21' 
1 3 6 "  
-23' 
+26' 

27 km/s 
46 km/s 
20 k m j s  
71 k m j s  

66 kin/s 
22 km/s  
14 km/s 

63 h / s  
20 km/s  
27 km/s  
24 km/s  
67 km/s  
23 km/s  
28 k m j s  

28 km/s  
13 km/s  
16 km/s  
2 2  km/s  

19 km/s  
25 km/s  
19 kmjs  
24 km/s 
16 km/s 
49 ltm/s 
70 km/s  

70 krn/s 
23 km/s  
13 km/s 
47 km/s 
35 km/s 

43 km/s  
16 km/s 
23 km/s 
46 km/s 
17 km/s  
13 km/s  
23  km/s  

67 km/s 
14 km/s  
2 3  km/s  
45 km/s  
13 km/s 
65 km/s  
47 km/s  
19 km/s  
22 km/s  
17 km/s  
35 km/s  
66 km/s 

52 km/s  
2 1  km/s  
31 km/s 
47 km/s  

19 k l l l / S  

59 k111/5 

Distance 

0.09180 ALT 
0.19070 AT1 

0.13230 Al!  
0.0423'7 .?IF 

0.09410 AL 
0.11730 AL 
0.00294 .AL- 

0.12607 .4LT 
0.01380 All 
0.03597 .4lr 
0.10970 -4I-Y 
0.18610 AL 
0.03805 AC 
0.14127 .417 
0.03741 .AL~ 
0.06378 .4I! 
0.02702 iZU 
0.06328 At! 
0.07966 AU 

0.02129 AU 
0.13731 ALT 
0.00130 hU 
0.02348 AV 
0.00458 ill: 
0.19830 AT; 
0.11874 .4K 

0.12976 AU 
0.10321 AU 
0.02073 AU 
0.00105 AU 
0.02540 AU 
0.06310 AU 
0.06630 .4U 
0.00575 .4LT 
0.05470 AT! 
0.11690 ,4U 
0.00536 AU 
0.02132 AC 
0.03877 il\C 

0.04060 AU 
0.07858 AU 
0.00920 AU 
0.16530 AU 
0.02513 ,4U 
0.13476 -AU 
0.10953 XU 
0.15154 Ac 
0.11384 Xk 
0.10948 AL 
0.02810 AT; 
0.19787 -4L 

0.01230 AT; 
0.03676 AC 
0.06304 AL 
0.09764 Ak 



ngoiiig Meteor 

IT1 c: ale- B o p p) 

iit!y. there  has Ixen a lot of discussioii 011 i: possible l ink  betIveen t h e  Quadrantids aiid C'oi-iict 1095 0 1 (lIal( ,-  
) .  It is argued t,hat such a link is very uii!ikei!y Several nn p, t, ions tha t  mi er g ed du r iiig t liese tli 5 c' I 15s i o I 1 

~ the author 's  assertion would lie i; i ,  aiid there would be a coiiii i ~ r e  pointrti ou t .  If, 1ion.e~ 
t lie t,wo p!ieiioiiieiiaj there is still 110 ground to expect a &uadra:if,ld meteor s torm during the next few ycars. 

1. Ps Comet 1995 01 the parent o f t  
I'licrc ha< lieen consider able discussio~i through tlic Iiii ernet between people 110 wmi to I,r 
(0111 i n (  etl that  there is some liiilr between the recrwtlj -discovered (giant ?)  C'ornct 1095 0 I 
(IIal(i-Hol)pl and the Quadrantid Meteor Shower. T h e  main source of puzzlement hete seeiiih to 
be caused by the fact that  the Earth passes tlirough the cometary orbital plane or1 Janud t j .  3, 
n711(~11 t ti(> Quadraiitids peak, niore-or-less. Y-Ectwe~~i the cometarj orbit does not pass veiy closc 
1 1 ~ 7  Ilie Earth- - i r i  fact it is more thaii 0.1 4.17 nv ay, at  the closest point-and since mc~troroitls 
Jo r i o t  pick I11el~Sd\ie5 up  and move sidewdyb. a n  h t h  intercept (i.e.. a meteor showei) ~ v o u l t l  
require some orbital evolution. Thus, some iiietasroids released on previous perihelion p ~ s s a g c ~  
(if there were anv: the approximately 3000 year period [I] derived on the basis of a siiigle 
detection 011 a CK Schmidt Telescope from A j ~ i i l  1993 needs confirmation through conlinued 
cistionieli\- on thc  comet over ihe next feiv I cars) rnzght ha\e  followed an evolutionar? Ijatlr 
t h a t  could allow ihcm to meet tlie Eaith J%at 15 1no5t eai l? .  thought of as bcing d rot atioii 
of the diguirienl of perihelion bringing the node to  1 AU. although in reality things are inorcx 
tornplicated. In general tha t  would lead to  Earth intercept at some other tzme of year  (i.e., not 
. Idnudi \~  3 )  but  in this case one i i  helped by the inclination being near 90" (for the comet: but 
thc diffci ing incliiiatioii for the Quadrantids mmns that  c~ rather different date would be ar r i \  ed 

e\.cri iT one could elolxe an orbit like 1995 0 1  inlo o ~ i e  like the Quadrantids). In vie~v of t l i c  
c ~ b c ) i e  oiic rriiglit lerid to  xricv the January 3 coincidence ai being just tha t ,  with theie being 110 

geiietic link between 1995 0 1  and the Quadraritids. 
11. liowevei, I a m  wrong in the ahole  assertion, and therp zs a link between the two phenomena. 
then rriight one cxpect a Quadrantid meteor s torm i r i  the next f en  years? The  aiiswer to t h a t  
also i i  n o .  Meteoroids which had imdergonc differential perturbations (relative to the piitativc. 
palent) would have different orbits to  i t ,  and thus they would not be concentrated close behind 
ihc> parent, producing strong showers or storms. We see such phenomena from the Leonids 
aind the Perseids (in recent years) only because the parent comets (55P/Tempel-Tuttle and 
lOi)P/S\vift-Tuttle) hallpen to  have orbits passing very close to that  of the Earth:  1995 0 1  does 
not. Similarly. there were no enhanced rates from the q-Aquarids and Orionids in the 198Os, the 
pal e i i t  comet (1 P/Halley) passing perihelion in 1986. because the comet does not currently pass 
(lose to tlie tcrrestrial orbit.  The meteoroids we observe in those showers were released centuries 
io  rriilleniiia ago. and so have been quite widely dispersed. producing showers of fairly constant 
x t i x  ity from one year to  the next. 

uadr-aa I t  ids? 

2. How accurate are the tabulated or&IILa sizes for large meteoroid streams? 

I now move on to a discussion of another poilit that has been brought up  in some newsgroup 
debates. It has been claimed that variocls meteor showers such as the Lyrids (parent conrei 
1861 G1 'Thatcher), the 17-Aquarids and ihc Orionids contain meteoroids which have orbits 
iubstantially smaller than the parent. so that meteoroids from 1995 01 could have orbits w i t h  



rcithei .;hortcr p-riods tliaT: thdt  of the comet. Again, a l t i i o~~gh  I would expect streams such as 
tlic tilice mentioned 2Lk)ox -c to haxre mean orbits---\vitF. a wide spread---whicli might be smallei 
t h d r i  t h e  parent comets' orbits, the discussion5 of the :h:ee shoners (two streams) has been 
misguided since it has been based u y n  a misuderstanding of the veracity of the data involved. 
Foi c x m p 1 ( ' .  the most-of 1 used orbit for the  ~ - . + ~ C I ~ L ~ ~ ; C ! X  is based on one meteor only ['L]! 
hltlioirgh we now have ovei 1000 7-Aquarid orbits  fro^^ a meteor orbit radar in Nem Zealand 
131. nli researchers involved ia the deterrninatiosl of metco.oid orbit5 will recognize that the semi- 
iiiajor axei derived are rather uncertain. especially for large orbits. The reason is as follons. 
Oiic> ac tiially makes a measurement of the meteor speed in the atmosphere. and then applies d 

ction: that correction is most often jus t  a 
n if your measitrernent weie peifect (zeio 

i 'iio1 I LI t i i t h  is nonsense). <t i l l  sou would not know the pre atmospheric speed with precision. 
\ -v \ t .  one m&c5 a (two times two-body) approximation in  deriving the speed in space ( V ) ,  c i r i d  

ion for atmospheric deceleration prior to 
actor dpplied to dll measurements. so tha 

L ~ ~ P  alculatcs tlic seLni-niajor axis from 

GiW 1 
1 AT; n 

7 is t h c  ltelioceutric distance. Anyone with a cal 

T / - = - -  

ator will be able to see that c~ L 

< r r o ~  in V will rridke a huge difference in the derived value of the semi-major axis ( 
r 7  It 15 Idrge. lh i s  is the reason why man) meteoroid orbit surveys have produced large nuinbe15 

of ~bh)y>rlmlic" meteors: actually large eccentricities but with c < 1. with Ineasuiemeiit 
r e i ~ l l t i ~ i g  in e > 1 being calculated. 
IKI T d c i  the n-ay in which one links 1 neteixoid streams with the putative parent cometi i i  
t ti I oiigh siniilarity in ( 2 )  the inclina (iz) tbt: perlfielioii distances; and ( 1 2 2 )  the direction5 

<.lion (usually. the longitude riheiicn, which I aries slowly under planetary pertur- 
. The percipient reader will notc that the derived value of the perihelion distance ((1) in 

( I I  I depends on the value found for tht: semi-rna r axis ( q  = a(l - e ) ) ?  and so might expect a 
lnrgc spr e d  in q due to  the measurement errors. wever, it turiis out that  the errors in a and e 

me evterit self-cornpensating (see the meteoroid orLit algorithm in. say, [4]) which leads 
vdlues for q. There is really no doubt aboirt the parents of the Lyrids. 7-Aquarids and 
Thc reason that  the values for the semi-mdjor axes of the stream orbits tabulated 

differ somewhat from the parent L O E I W ~ S '  \ d u e s  is that, predominantl-t , I'C~(:~L- 

t i  C Y I O I S  result in rather uncertain results i'or that  parameter. although the other orbital 
may be quite well determined. allowing the genetic association to  be established. 

3,  What shrinks the sizes of meteoroid orbits? 
5:icl lier misguided colnrnelil made concerned tlic solar wind and light pressure. which werc 
sl:pposed to  produce smaller orbits. That  is incorrect. These provide a radial (near-radial for 

wind) pressure which increases the orbital size, and that  is the source of the idea (which 
w n g )  that  long-period comets make no significant contribution to the interplanetary 

complex: their dust and meteoroids are blown away, as it were. Contrary, modeling 
arried out by Marc0 Fulle and colleagues o v e ~  the past seven years or so (see several 

p ~ P C T ~  in 4 s f r o n o m y  arid 4strophyszcs). If a meteoroid is left on an elliptical orbit then it will 
I i a  r that  orbit shrunken 113. the Poynting-Robertson effect to some extent ( the rate of shrinkage 

ici as the reciprocal of the size of the particle). H o ~ e v e r ,  the greatest immediate effect is that  
dua  to the "ejection" speeds from the comet (hence Fulle's work; t ry  putting slightly smaller 
L ~ I I I ~ C Y  of T/ into the equation above and see how the semi-major axis is affected). I should note 
jicre, however, thai the energy absorbed bj. meteoroids from impinging solar wind particles can 
cmiiiiln( c the  Poynting-Robertson eRect bj. about 20%" 

4. So what is t h e  parent of the 
I iiow turn to  the real parent of the Quadrantids. A possible link between the Quadranlids 
ant1 ('ornet 1491 I (new designation 1490 'dl) was made soriie years back, I believe by Ichiro 



I-Iasi-gawa. That possihilitv cannot be ruled oi rt [3] ~ Hoicei er, soon after the comet now 1iiion.n 
as 96P/Machholz 1 na4 disco\-ered, Ihot  sonict was 7:xognized as  being the likely parent of the 
Qiiacirmt ids along with seven other s l i ~ i \ ~ ~ r s  I shsc sed this iri a revien published in 1994 [6], 
f i o r r i  niliich the folloiving is extracted: 

,‘Over the pa51 decade work on oric s t r e a x  i i i  p x  iiciilai has pro1 ided some insight into 
the generalities of stream orbital esolu nucl this stream is that  which produces tlie 
strong Quadrant id shower. Sooii afte: i:lsco( erv of l’/lIachholz (1986 1’111) i t  wds 
realized that this comet lvas very prob the pare;it not only of this shower. but also 
of seven other showers, including the Ddj-time Arlel ids, the d-Ayuarids. arid the IYrsids; 
l ioiiwer.  association of this complex stream m i th (‘onlet 1491 I cannot be ru1cc-l ol1t 

(U’illiarns and \!h. 1993), which may indicate that the cornplex was fortnecl 11.0111 tl ic 
131eri k - u p  of a single larger comet. The relationship i s  particularly surprising in that tlic 
o r b i t  a1 clenienl., arc very different for these shower5 and cornets (e.g., the Quaduantids, 
lTrsid%3 6-Aquarids. Daj  t ime Arietids. P/ chhholz. and 1491 I have q = 0.977. 0.968, 
0.07. 0.09, 0.127. arid 0.761 AU, respecti1 ). Recent papers on the orbital evolut i o i i  

eam include Zausaev and Pushkar r~  (1989). AfcIntosh (1990)- B a l ~ ~ d z l i ~ i i i o \ ~  
bo\. (1992), Jones and Jones (1992)- and 1i-u and Ji’illiams (1992).” 

3 hc)ie last f1i.e 1mper.s are listed below as [7--11]: J2.’iiliama and i4’u (1993) is [5]. An irispect ioii of 
t Iiosc. p q x r s  lvill lexve the reader in little do-crbt that  the parent of the Quadrantid s l iowc~ .  a n d  
W L  en ot he1 showers pioduced through the compijcaied orbital evolution of the stream procliicii~g 
therii. h a s  been identified. The  coincidence of dates lxtween the epoch of the Quadrantid slioivc~r 

I b e  time Jvlien the Earth passes through the o h i t a l  plane of Comet 1995 0 1  (Hale-Bopp) i s  
cal significance. and I very much c~orib: 1 hcLt there is any genetic link between 1 l-rem. 
t coinet w r e  the parent of the shc r .  one should not anticipate any storm. or eve11 
it in sliowrr activitjr. for the Qua ticis in the next few years. at least on the I> i ls i \  

aced phenomena. rance ol I995 01. The  tmo are 
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1 ~ 1 n d  visual rchsults for t h r  Leonid return in 1994 are presented 
occiirrrd in 1994 111 comparison l o  the  intervals so far studied during all previous ILTT periods 
ol)wivcition5 5uggest that 5ome level of enhanwd activity was present in the uitrrval X 

These indicate that an increase iii ac t iv i t j  
Tlic, visual 

= 235'4-236O3 'flit. 
:II 1994 -a5 of mder 100, b7xl the  very large scatter prrsent 111 rhe obsei\ations due to iiiterfmiig 
rriakc A precise deteriiliiiation not possible 
~ c r i o d  of activity hut  the raw radio counts do not agree a? $he precise t i ine of maxiinuni 'l'he outlooL 

The  radio foraaid-scatter observations also suggcst 

) is \+r j  piomising and  enhanced activity might be visible from almost any longitude 
- - __-__-_ --- - - _ _ _ ~ -  

k ,  ~ : ~ t r o c l u c ~ i o n  
d i n  Billletin > of the I L W  [l], despite poor lunar conditions, the fourth IL l t  p c t i o t l  
I 5 -25. 1994) slioned the first clear indications of unusually strong Leonid activit\. <ils 

y a irnall number of visual observations. This conclusion is broadly supported Iw 
gathered during November i8. The  outburst in 1994 is the first from the Leonids 
. tlic la5t certain outburst having taken place in 1969. The  precise duration of t-hv 
d i t s  strength in 1994 will not be absoliitely definable with the cuiiently avdilal)lc 

the very large uncertainties involved in corrections under poor lunar conditioni. Wc 
5 lo gain some insight. however, into tlie extent of the 1994 outburst by investigating 
o m  finally repo:ted to  the ILkfO. 

servatioiial data 
\ ' i 6 . ? i s x 1  t i h b f - r  i c r . t z o r i S  

lri <i l l .  $98 1,cwiids w'crc observed in the interval An = 229" 238" (2000.0) totaling 61 liouis 
.ins hv 25 ~Lservers  in 1994, A standard value o l  r = 2.5 was used throughout, 

i t  i. quite probahle that th i s  value varied significantly through the stream. The  interval 
'38" is shown in Figure 1 ,  where only indii-idual ZHK's have been plotted. 

elati \ clv large number of' ob ien  ers and recorded Leonids, the overwhelrnirig consid- 
bright rriooiilight and associated interference. The  longitudes well away from the 

i i m  shon. the scatter in individual ZHR values due to the tendancy to  overcorrect under 
ti0115 -- indeed ZHR values ds high i ~ s  30 a r e  recorded several days before maxima. an 
ly ark artifact oE tlie bright uioonlight. 

acti\Tity seems to be cor,fined to the interval X9 = 235"-236". though it is 
significant gap in coverage exists betwem A 0  = 236?2-236?6. It seems likely that 

a + I U C ,  maximum was reached somewhere in the first of these intervals. The  magnitude of the 
irii~xin'iiirn is riot clearly defined, but might be near 100 or perhaps slightly less. By A 0  = 236?6 - t j d  I \  i t  y has retiirned to  normal. 

1 f c w  visual observations with magnitude estimates are available to  a t tempt  to compute the 
j - ~ t l i ~ ~ ~  for c ~ x ~ \  portion of this activity profile. 

li cl t l i  o 61 h s  c I I ' Q  t 1 o ris 
The results have been summarized 

10 b3uildin 5 [l]. These da ta  broadly support the final visual results and suggest that  some 
en I l a i c ~ d  activity took place during this iriterva!. As reported in ILW 5, radio activity peaked 

X I = 236"- 236?1 in North America while raw peak radio counts in Finland peaked near 
A .  = 23<5?7 and those from Japan at A 0  = 236". All radio data in 1994. however, were elevated 
f o r  many hours around these nominal (raw) pealis and s ~ ~ p p o r t  the conclusions from the visual 
obicrvations that the outburst lasted for 12-24 hours. 

ai radio ob~r lve r5  monitored the Leonids in 1994. 
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Figure 1 %I-IR p~of i l e  obtained from visual observations of the 1994 Leonids (The solar loligltlides r d t ~  to  
eq 2000 0)  

It must be emphasized that  true fluxes can only be derived from these data  when all system 
1 ) a i a i i i e t  er.; are known and the observing geometry is properly taken into account. 

3. Outlook for ILW period 5: November 5-25, 1995 

Froin the previous analysis it appears that  enhanced acti\.ity from the Leonids may occur at  an!. 
t ime from A[: = 235?4-236?3 if the features observed in 1994 repeat in 1995. These longitudes 
correspond to the t ime interval from 4h CT on Noxrember 18 to 1” U T  on November 19. This 
interval means that  any enhanced activity repeating last year’s pattern could be seen at virtually 
a n j  longitude. 

Foi comparison. the current node for 55P/Tempel-Tuttle is at  A 0  = 235?29, corresponding to 
approximately lh UT on November 18. Hence observers in Eastern Europe should be particularly 
~ i g i l a n t  in 1995 should the period around this latter time prove to  be the  more appropriate. 

The moon will he two days past last quarter on November 17-18 and just  over 20% illumiriated 
in L’irgo. It should rise 1-2 hours after midnight from mid-northern latitudes, giving a few hours 
of coniplete darkness for monitoring the shower. 

Reference 

[I] Brown P., “Bulletin 5 of the International Leonid Watch (ILW)”, WGN 22:6, December 
1994, p.  190. 
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$1 rcing act]\ i t y  of the 1995 Perseids wa5 detected b) radio techiiiqi~c- 111 Japan .  The  maximum activity occurred 
<rt I8”IO”’ 1 7’ 011 August 12 1995, or A, = 139’63 (2000 0)  The  rnaxiinuni hoiirly rates of meteor erhoeh 
i i  ,I( I i u 1  280-3211 (100- 120 during non-showei periods), and the strolig activitL lasted for about  50 iiiiiiutcs 

I, Introduction 
ht I ( J I J ~  activity of the Perseids was detected b :ing fornrard-scatter meteor echoes of 
i I ) ( $  21 I- radar wa1.e of K y o i  o IJniversity (46.5 AIHz.  1 M14’) at Toyokawa Meteor Observatory 

lo), .lichi, .Japan. The radio observation was carried out from l l h  UT 011 Augusl I 1  t i l l  
8” \T on August  14. 1995 for 69 hours at TMO (9 = 34”l K. X = 137?32 E). located ahout 
I4CJ lmi east from tlie radar site (p = 34”s N, X = 136010 E). 
1 1 , ~  r a d a r  wave (by the MC radar) was transmitted not in a pencil-like beam, but in a CbIlut5-  

Iilw tiemi (omrii-direclional in  azimuth) with a peak at about, 30” off zenith. The transniitting 
i i i h  hearii pattern is shown in the paper by Nakamura et al. [I]. The antenna i w t l  fo i  

icn.ptiori i i  a dipole antenna with a length of 1 / 2  wavelength (3.3 m) located horizontall!, wit I1 

a tieight of 8 m abovr the ground. Hence. the antenna pattern for reception is roughly isotropic. 

Talile 1 The hourly rate da t a  of the Perseid (+sporadic) meteor echoes 
(-106 dBm-)  monitored duriiig August 11 14 UT,  1995 and Now 
ember 4-6 1-T (during a non-showc.r period) ~ 1994 Transmitting 
station hIIT radar (9 = 34’85 N ,  X = 136’10 E)  of Kyoto  LJniv 
(46 5 h l H z ,  1 MM.), Japan .  Receiver (p = 34081 K, X = 137’32 E) 
in Aichi, Japaii 

Period (LT) Aug 11 

60 
66 
78 

120 
1.02 
150 
172 
154 
144 
132 
156 
120 
108 

Aug 12  

66 
60 
54 
90 
54 
66 
54 
60 
66 
36 
42 
66 
90 

130 
133 
179 
232 
265 
315 
212 
181 
192 
144 
96 

Aug 13 

102 
78 
66 
96 
64 
72 
48 
42 
60 
42 
42 
48 
84 
66 
78 

126 
126 
180 
168 
168 
186 
138 
162 
138 

Aug 14 

120 
108 
90 
48 
84 
60 
42 
72 

Nov 4 6 

86 
70 
56 
54 
57 
40 
33 

47 
40 
51 
48 
38 
60 
71 
95 

103 
116 
95 

109 
113 
97 



2. Observational results 
l a b l e  1 shows the distribution of the hoiirly 121 s of the total number of monitored iiietcmi 
echoes (-106 dBm-) from 1lh LT on August 11 o 8h UT on August 14, 1995. The evolution 
of the hourly rates owes not only to the Perseidi but also t o  sporadic meteors. Tlieiefoie, tlie 

j \ i ty  of the Perseid meteors Seems to h a ~ c  Lee11 Added to the normal diurnal Lariatioil of 
sporadic meteor echoes. 
Thc houi IJ echo rates clearly increased during 13’’ 22” 1-T on .August 1%. 1993. conipai  etl t o  

iii . lugust.  1995. and the average of Sovenibei 4-6 (duiirig c?. not1-shoLvel pci iod). 
thev reached 280-320 (about 100-120 on NoLreniher 4-6). This increase of‘ the 

echo la te> i i  considered to he due to the strong act i l i t j -  of the Perseid meteors. 
Ikble 2 shobvs the. detailed echo rate data  in the period 13”-22h VT on August 1’2, 1997 in o i d ~ i  
to  frx tlic acc-urate maximum of strong activity of the Peiseids. Long persistent ec1ioc.i 1‘1 o i i i  

I J I  igiit itlet w r i  are charactelistic for the Perseid meteor shoLvei.. Actuallj arourid the Ijeali of 1 Ii(’ 

Pet seid dctik ity. long persistent echoes increased explosively. The total dead time (in scc oiitls 
per 10 rninutes) due to persistent trains is shown in Table 2. .Also table 2 shows the rate5 ~ F ‘ I  

10 minutes of the total number of monitored meteor echoes (-106 dRm-).  
I‘igiiic 1 51ion-s i he cvolution of the hour l~ .  rates of tlie totdl number of echoes and i h r ,  tlcatl t i i i i c .  

seconds per 10 minutes) caused by long-lasting echoes around the maximum of the Pciseitl 
ivity. The  hourly rates were derived by a 10 minute step method. 

3 

echo 1 aE;t. i ng Is) 
I igiire i - Evolution of the Perseld echoes on August 12 ,  1995, as observed by a Japanese forward scatter 

system 

3. Conclusions 
The following conclusions can be drawn regarding time of maximum activity and duration of 
strong ac t i vi t y : 

0 The strongest activity of the 1995 Perseids occurred at 1Sh1Om UT on August 1‘2, and the 
corresponding solar longitude was X p  = 139063 (Eq. 2080.0). As the outburst of the 1991 
Perseids occurred at Xa = 139?56 (Eq. 2000.0) [3]. this peak also seems to be one of a series 
of the new Perseid peaks having started in 1991. 
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- \ ( c o i c l i ~ ~ g  to  Figure 1 and Table 2 -  the strongest activit?. of the 1995 Perseids lasted for 
almut 50 rniriutes (from 17"50'" L-T to  18"40'" "7') oi; August 12. As the 1991 aiid 1992 
P'rmeid out buists lasted for 90 and 120 mlriutcs. the xiax;murn strength of the 1995 Peiseids 
iriiglii. be weaker than that of the past k e n  years. 

'I'able 2 - -  T h e  detailed r a k  data of tlie Perseid (+spora.ilic) meteor. echoes around t,he 111axiiiiiii11 

activity during 13"-22" IJT on August, 12.  iii9.5. For each period (in UT): tlie echo rat,e 
per 10 ininutes (-106 dBi-n-) and  the  total dead t ime due to persistent trains (in secoiids) 
are  given. 

Echo rate 

26 
18 
120 
20 
22  
24 
27 
23 
29 
14 
25 
15 
27 
23 
30 
27 
46 
26 
29 
41 
32 
33 
-5 8 
3 9 
36 
44 
36 

Dead time 

5 f  
5f 
5+ 
5 +  
5+ 
5+ 
5 + 

5 
24 
5 + 

5+ 
5 + 

5+ 
221 

5+ 
8 

79 
95 
5+ 
76 

7 
13 
39 
48 
71 
76 
73 

Pericd (CT'I') 

17h30"'-171' 10"' 
1 7" 4 0 - 1 7 5 0'" 

18h00'"- 18h10m 

____________ 

17"50m-l@1'00m 

1 8 h  10"-1Sh20" 
18"20"- 1Bh30"' 
1 8 3 0"' -- 1 8 4 0 " 
18h40m--18h50" 
18"50m - lghOOm 
1 9 00"- 19" 1 om 
1 9 ~ ~ 1 0 m - - l 9 1 ' 2 0 m  
19h20"-19h30m 
19h30m-19h40m 
1 gh 40"- 19 5 0"' 
19h50"-20h00m 
20h00m-20h10m 
20h10"-20h20" 
20h20"'-20h:30m 
20h30m-20h40" 
2 0 4 0"' -2 0 "5 0 
20 5 0" -2 1 h O  0" 
21h00"-21h10" 
21"10"-21h20" 
2 1 h 2 0"' -2 111 3 0"' 
2 1 h 3 0131 .-2 1 h4 0 111 

2 1 "4 0" ~ 2 1 5 0'" 
2 1 h50"-22h00"' 

Echo ra te  

39 
61 
49 
39 
66 
5 9 
47 
46 
38 
37 
30 
3 7 
42 
3s 
31 
26 
30 
30 
3 I 
26 
38 
37 
35 
33 
34 
31 
22 
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Fireballs and Meteorites 

right Bolide 
Suiiderland. England. July 28. 1995, 22h53m UT 
Alastaxr _McBeuth, a n d  Don Simpson 

,I lholitle niiich prohalil? rpached magnitude -20 a t  a late-stage fragmentdtioii e\eiit passed over the  ciil of 
i i u i d ~ ~ r l a r r d  Lngland around 22h53m IT'T on 1993 July 28 creating a series of soiiic and electrophoiiic eflct t5 

1. Observations 

H Y  l d e  Seplernber 1995. in excess of 100 reports of a brilliant fireball that passed diicctl> o \ o i  
1 lic i i t  \ oi Suritlcrland in north-east Englarid ( A  = 1'25' W. c = 34" 55' S) on .Jul\ 28. 1c)O7. 

1 heell compiled from sites across northern England. Many of these were casual siglitiiigs. 
I \. c m  fc-n ainateur astronomers with experience of meteor obserx ing were forturicitc cuoiigli 

i o ICY' t lie met cor. So far. no L ideos or photographs of the e\.ent ha\ e been secured, but dc5pit (' 
a rea5ollable estimated track for the meteor has been established. 

Of i l i c '  rcqiorts received, 79 were regarded as reliable enough to allow us t o  reconsliiic t Ill(. 
' 5  most probable track and derive other details. Nevertheless. the various figures quot ul 
hoitid be lrcated with caution. The spread of observers was 46 south of the lraclc. 27 

iiortki. 2 nrrsi 01 soiith-west. 2 virtually beneath i t .  and 2 still unlocated. All bul six si 
l o c  ntecl n i thin about 20 km of the fireball's late fragmentation event. Wedher  cotiditioris wci c' 
ge~i<mAlj calm and niostlv clear. although several sites reported some cloud and mist. North of 

~ ~~ __  - - - ___ - _______ 

st 1 ~ .  condiiions seem to have been generally poorer. 

2.  Fireball details 

1 lic nletcor al)peared between 22hS2m and 22h55m UT. most probablj. at  22h53"' UT, and 
n i 0 7 ~ e d  west to east, as shown in Figure 1. Assuming a luminous start height of 80 lirn (which 
g i v , ~  thc be.;? fit for the two better start positions that could be approximately triangulated), 
\ i i s g ( ~ t \  t h e  giouncl track was around 70 k m  long, beginning a few kilometers nortli-east of the. 
\.illctgr of Alston (A = 2'23' N', p = 54'45' Y). The meteor descended, passing over the tow11 of 
\! aibirigton arid the city of Sunderland and ending up  several ( 4'1) kilometers out ovei the Sot  tli 
Sea (A = 1'11' I T T ,  ; = 54'51' X). ilround 12 lim before the end of the ground track (betwren 
"i'ciiliington and Sunderland). the meteor flared rapidly two or three times. fragmenting seveielv 
irito 2 -3 main objects. and creating a shoiver of "sparks." some of which may have fallen virl ualli. 
rllidet t lie irifluence of gravity alone. since some observers mentioned seeing a "rain" of iparks ,  
but 110 meteor after the main flaring. 

Based on the above figures. and using the rough acoustic noise timings from around Sunderlarid 
aholit 1.55 rninutes after the meteor, which rvere assumed to have occurred as a result of i ts  
late-cltage fragmentation. w e  have estimated the atmospheric path at about 90 1m1, with a ineaii 
eiitijr angle of 38". making the luminous end height about 26 km. A mean flight duration of 3.3 
seconds yields an atmospheric velocity of 26 km/s.  I€ correct, these calculations would put the 
splashdown point for any meteorite following the meteor's luminous path approximately 40 knl  
off the River Uear ' s  mouth.  

The fireball's peak brightness was probably around magnitude -20 at  the fragmentation flare5. It 
had already reached fireball magnitude status very early in its flight, but the late flare event rai5e(l 
its brightness dramatically. creating a sky brighter than daylight according to some witnesses 
who were outdoors a t  the time, this in spite of the city's light pollution problems. The colors 
seen weie generally brilliant white. sometimes with a yellow or blue tinge, while the sparks seen 
falling from the trail nere  generally described as orange. 
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Newcastle 0 2, 

t.iguie 1 - Zppioxiinate trajectory of the Sunderlarid Bolide over north-east England 

3 .  Sonic and other unusual effects 
I t 1  < i l l ,  43 1ej1011i noted iounds heard either simultctneous with the meteor’s flight (01 nit  t i i l l  

50 ie tonds of i t  i passing; such events were treated as “near-simultaneous”) or wilhin a fcw 
of its ending. The post-meteor acoustic reports generally describe a noise cornpati1)le 

l v i t l i  at1 c\xplo~iou oE the rrieteoroid, either as a detonation sound. or a thunder-like rumhlirig. T11~ 
iirr i i i l  t ancous/near-sirnr~ltarleous sounds recorded were primarily of a crackling or low I u ~ n l ~ l i i i g  
nat I I I ~ ,  with several people reporting either a single detonation noise or two similar sounds. -411 
of 1hc 1 3  (7 siniultaiieous) sites recording these sounds were within 4.5 k m  of the projected lint- 
of [tight. all  but three iyitliin 1.1 k m  of the ground track. In addition, six sites reported objects 
intiling ns if vibrated or shocked. There was one report of a ground shock and one of ail air 
5 I1 0 cli 

noted t h a t  ..large numbers“ of electronic car alarms were set o f f  in the Ashbioolw 
er lmd.  a small area about one kilometer square, which lies less than 1.25 km south 

of tlic fircball’s path.  and about 5-6 k m  away from the projected track‘s end. It is not clear 
I I O J V  mail\- alairris L actixated in this waj.. although most were set o f f  at virtually the samc 
i i i i ic>.  1101 i >  it c l c x  w h m t  the l ime delaj. after the meteor was in these events. These ~ v e r e  iriost 
111 0 1 ~ ~ ~ 1 1 l x  actix atcd hv the sonic shock wave, however. 

d l i o  I c.ceivt.d riotice, of four instances of cuitains at open windows being moved simultaneou~ 
wi f l i  t h t ’  rnetcor’s ma in  flare being seen, three of these within 1.5 k m  of the  flight line, and all 
\out 11 of the grourid track, The three closest instances had curtains blon-11 into rooms, arid ma) 
hi. 11uc l o  ELF/\ LIT acl11 itv. since the curtains were light-weight summer or nylon net curtniris. 
light enough to  be so affected perhaps. and also with the potential for storing/discharging static 
electricity in somv forni. No electric shocks were noted on touching these curtains, however. 
l’lie fourth e\Tent Lvas about 18 kin south of the meteor’s path and had probably nothing to 
do Ivilh the fireball. The three Sunderland “curtain events” all lay near the southern limit of 
t l i c  inain simult aneous/~iear-simultaneous events. and as the outermost tn.0 were about 4.5 kin 
npart east-wcst. it seemi unlikely that a chance breeze, unnoticed by others with open windows 
r t i i ( t  tlrawn curtains <It the t ime, was responsible. 

4. Conclusion 
\I-(. ~vould like to  tharii, a l l  the observers who have contributed data and the Sundedurzd Astro- 
~ m m ~ c c i l  S o u e l y  who assisted in collecting the data. If anyone still has a report to subniit on 
this fireball. or an?- others, please do so with all speed. \Ye are aware that  there are some largely 
unprihlicized and rather garbled accounts of a possible second bright meteor seen traveling south- 
riortli a t  about the same time on July 28 from sites in southern England. Unfortunately. there 
ieem to be no genuine sighlings of this meteor (if it was a separate event) available at the time 
of w ri t in g . 
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